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How secondary students make sense of mathematics: 
psychometric validation and educational implications for 
teaching practice
Çiğdem Çalişkan Toraman a and Osman Aktan b

aDr. Ministry of National Education, Edremit Science and Arts Center, Balıkesir, Türkiye; bFaculty of Education, 
Düzce University, Düzce, Türkiye

ABSTRACT
This study developed and validated the Meaning of Mathematics 
(MofM) scale, a Likert-type instrument assessing the meaning mid
dle and high school students attribute to mathematics, and exam
ined how scores vary across gender, grade, school type, field of 
study, parental education, and family income. Exploratory factor 
analyses (EFA) and confirmatory factor analyses (CFA), corroborated 
by parallel analysis, supported a single-factor, 11-item structure, 
and item response theory analyses indicated strong discrimination 
and adequate information across most of the trait continuum. 
Measurement invariance held across gender and school level; 
metric invariance did not hold for parental education and family 
income, and could not be tested for school type and field of study 
due to inadequate subgroup sizes. Students’ scores differed signifi
cantly across all demographic variables, though effect sizes were 
generally small to moderate, and the cross-sectional design does 
not support causal interpretation of these differences.
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Introduction

Mathematics is a foundational discipline that supports problem-solving and decision- 
making in daily life while fostering logical reasoning and critical thinking (Firdaus et al.  
2015; Lave 1988; Samo, Kartasasmita, and Kartasasmita 2017; Schoenfeld and Sloane 2016; 
Tall 1991). Beyond the classroom, mathematics education cultivates lifelong cognitive and 
analytical skills through instructional approaches spanning all developmental levels, from 
early childhood to higher education (de Santana, Roazzi, and Nobre 2022; English and 
Halford 2012; Furinghetti, Matos, and Menghini 2012; Hiebert and Grouws 2007; 
Schoenfeld and Sloane 2016; Sosa-Gutierrez et al. 2024; Sriraman and English 2010; Van 
den Heuvel-Panhuizen and Drijvers 2020; Widana et al. 2018; Zakaria and Syamaun 2017), 
including mathematical literacy that enables the everyday application of these skills 
(Jablonka 2003). Mathematics education is further linked to individual cognitive and 
affective development, such as interest, motivation, and systematic work habits (Hui 
and Mahmud 2023; Ni et al. 2018), and is recognised as contributing to societal and 
economic progress (Tate and Rousseau 2002). Its effectiveness depends on multiple 
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factors, including curriculum, instructional methods, and teacher competence (Hill and 
Charalambous 2012; Hill, Rowan, and Ball 2005; Llinares 2021; Veldhuis and Van den 
Heuvel-Panhuizen 2020), with student-centred, inquiry-based, and meaning-focused 
instruction shown to strengthen students’ attitudes and self-efficacy towards the subject 
(Abrahamson et al. 2020; Harlen 2013; Manaf, Kartowagiran, and Manaf 2021; Usher and 
Pajares 2009).

The perception of mathematics is a concept encompassing students’ attitudes, beliefs, 
anxiety, emotions, and values regarding mathematics (Di Martino and Zan 2011; Hannula  
2002; Szucs and Toffalini 2023). This perception is considered a set of cognitive and 
affective factors that form the basis of the student’s relationship with mathematics 
(Cargnelutti, Tomasetto, and Passolunghi 2017). According to Dweck’s (2008) mindset 
theory, whether students view mathematical ability as a fixed trait or a potential that can 
be developed through effort determines their success. Students with a fixed mindset tend 
to show failure and give up when faced with difficulties (Boaler 2016; Yeager and Dweck  
2020), whereas those with a growth mindset perceive these challenges as opportunities 
for learning. To mitigate mathematics anxiety and support permanent learning, it is 
crucial for students to develop a positive, growth-oriented perception towards mathe
matics and their own learning potential.

A positive perception of mathematics increases students’ motivation towards the 
subject, encourages active participation in class, and contributes to the development of 
self-confidence in mathematics (Appiah et al. 2022; Du et al. 2025). Students’ experiences 
of success in mathematics, positive feedback from their teachers, and the connection of 
mathematics to daily life strengthen a positive mathematical perception (Edu et al. 2025; 
Guo, Lau, and Wei 2019; Hascher, Hagenauer, and Sacchi 2024; Zakariya et al. 2019). This, 
in turn, increases students’ interest in mathematics and supports their sense of self- 
efficacy (Grigg et al. 2018; Özcan and Kültür 2021). Conversely, a negative perception of 
mathematics leads to emotional responses in students such as anxiety, stress, and fear of 
failure towards the subject (Chand et al. 2021; Smith, Fotou, and Sharpe 2025; Usher and 
Pajares 2009). Viewing mathematics as an abstract, complex, and difficult subject to learn 
causes a loss of motivation for the course (Acharya 2017; Howard and Whitaker 2011). 
Furthermore, poor quality instructional processes, the lack of student-centred methods, 
insufficient teacher support, and negative attitudes from school, family, or the environ
ment also contribute to the negative shaping of this perception (Emanet and Kezer 2021; 
Fufa, Tulu, and Ensene 2023). These conditions negatively affect students’ learning 
processes, making it difficult for them to achieve success in mathematics. One of the 
primary factors contributing to the deterioration of mathematical perception and the 
persistence of the failure cycle is incomplete or incorrect understandings regarding the 
nature and function of mathematics.

Mathematics, beyond merely being about numbers and operations, is a process of 
thinking and problem-solving aimed at understanding the environment and the universe 
(Schoenfeld and Sloane 2016). The meaning of mathematics can be assessed as 
a multidimensional concept shaped by students’ conceptual understandings, logical 
reasoning, and analytical thinking skills. From the students’ perspective, the meaning of 
mathematics is formed based on their experiences, perceptions, and how they relate 
mathematical concepts to daily life (Van den Heuvel-Panhuizen and Drijvers 2020). This 
meaning is strengthened by teaching mathematics not just as an abstract subject, but as 
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a functional tool that offers solutions to real-world problems. Mathematical meaning 
contributes to the development of students’ abstract and analytical thinking, problem- 
solving, and solution-focused analysis skills.

Conceptually, meaning is not treated here as an inherent property of mathematics 
itself, but as something constituted through the individual’s lived experience of it (Husserl 
and Findlay 1970). Schutz (1967) extended this premise by arguing that people’s under
standing of everyday and institutional phenomena is not given in advance but is retro
spectively constructed as they reflect upon and interpret their own experience. Consistent 
with this epistemological stance, the present study approached the meaning of mathe
matics not as a predefined set of beliefs to be measured top-down, but as a construct to 
be elicited from students’ own accounts of their experience with the subject.

This conceptualisation distinguishes the meaning of mathematics from adjacent affec
tive constructs with which it is sometimes conflated. Attitude scales typically capture 
evaluative affect towards mathematics, specifically in terms of liking or disliking the 
subject (Di Martino and Zan 2011); self-efficacy captures domain-specific competence 
beliefs (Pajares 2005); and motivation concerns the energisation and direction of beha
viour towards mathematical tasks. Meaning, as conceptualised here, instead concerns 
students’ phenomenological construal of what mathematics is and what it does for them, 
representing an epistemic and functional understanding of the discipline rather than 
a felt evaluation of, competence belief about, or drive towards it. This distinction reso
nates with Skemp’s (1976) classic contrast between instrumental understanding (“rules 
without reasons”) and relational understanding (“knowing what to do and why”), recently 
revisited by Herheim (2023): constructing relational meaning for mathematics requires 
grasping why the discipline functions as it does for oneself, not merely how to apply it.

At the same time, the meaning students attribute to mathematics is theorised, within 
Eccles and Wigfield’s Situated Expectancy-Value Theory, to overlap substantially with the 
utility-value component of subjective task value, defined as the perceived usefulness of 
a domain for one’s present and future goals (Eccles 2005; Eccles and Wigfield 2020, 2023). 
Because the present item pool was generated bottom-up from students’ own open- 
ended accounts of what mathematics means to them, rather than deduced solely from 
a single a priori theory, it is plausible that the items surviving the psychometric refinement 
process converged predominantly on this utility-value facet of meaning: several retained 
items explicitly reference mathematics’ role in problem-solving, decision-making, and 
building confidence. We interpret this convergence not as evidence that the scale merely 
duplicates existing utility-value measures, but as a substantive empirical finding in its own 
right, indicating that for the students in this study, meaning-making around mathematics 
is to a considerable extent anchored in its perceived functional value.

The meaning students ascribe to mathematics is shaped by instructional approaches as 
well as by cultural and societal context, with teachers playing an important role in its 
construction (Beswick 2019; Mhlolo, Schafer, and Venkat 2012; Saxe 2015), and mathe
matics itself valued not only for individual development but also for its contribution to 
societal and economic progress (Abd Algani 2022; Yadav 2019). This meaning-making 
process is reciprocally linked to students’ broader perception of mathematics: negative 
experiences of failure make it harder for students to construct meaning and sustain 
motivation (Aguilar 2021; Hannula 2002; Schoenfeld 1989), whereas finding mathematics 
meaningful is associated with greater motivation and academic success (Mutodi and 
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Ngirande 2014). The middle school years represent a particularly critical period in this 
process, as students’ perceptions, attitudes, and beliefs about mathematics take shape 
during this stage and carry forward into subsequent achievement and motivation (Garcia 
et al. 2016; Hidayatullah and Csíkos 2024; Moenikia and Zahed-Babelan 2010; Pitsia, 
Biggart, and Karakolidis 2017), even though many students continue to experience 
mathematics as abstract, complex, and disconnected from daily life (Martin 2000; 
Schmitz et al. 2023).

As the meaning students construct around mathematics is closely tied to their aca
demic performance, motivation, and broader cognitive and affective engagement with 
the subject, understanding how students attribute meaning to mathematics is critical for 
capturing the multidimensional nature of mathematical learning. Developing a valid and 
reliable instrument to assess this construct addresses a notable gap in the mathematics 
education literature, offering both a research tool and practical guidance: the findings are 
expected to clarify how meaningful engagement with mathematics shapes learning 
strategies and attitudes, informing curriculum design, instructional practice, and policies 
aimed at fostering more functional and sustainable student engagement with 
mathematics.

The primary objective of this research is to develop a measurement instrument aimed 
at determining the meaning of mathematics from the perspective of middle and high 
school students and to establish its psychometric properties. Furthermore, among the 
goals of the study is to compare the data obtained from students based on demographic 
variables such as gender, grade level, school type, parental education level, and income 
status.

Method

Participants

The development of the MofM scale involved data collection across three phases. The first 
phase, conducted in early June 2025, provided data for EFA. The second phase, also in 
early June, gathered data for CFA. The third phase took place in late September 2025 and 
supplied data for Item Response Theory (IRT) and Measurement Invariance (MI) analyses. 
To ensure national representativeness, one province was randomly selected from each of 
Turkey’s 12 Nomenclature of Territorial Units for Statistics (NUTS) regions, including 
Adana, Ankara, Çanakkale, Denizli, Düzce, Istanbul, Kars, Kırıkkale, Muş, Ordu, Samsun, 
and Şanlıurfa. Sampling was proportional to population densities (Bakanlar Kurulu Kararı 
[Council of Ministers Decision] 2002). Data on variables including gender, grade level, 
school type, parental education level, and family income status were gathered and used 
for comparative analyses based on the third phase data. Participant characteristics across 
all phases are presented in Table 1.

Preparation of the MofM draft form

Three main strategies were followed in creating the draft form of the MofM scale. Firstly, 
theoretical and empirical literature related to education, school, mathematics, the mean
ing of education and school, and the meaning of mathematics was examined; a potential 
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Table 1. Distribution of participant students based on certain variables.

Variable

First Round - 
Data Used for 

EFA

Second 
Round- 

Data 
Used for 

CFA

Third Round - Data Used for 
IRT, MI, and Comparative 

Analyses
n(%) n(%) n(%)

Gender Female 321 (53.9) 319 (61) 2117 (55.8)
Male 274 (46.1) 204 (39) 1674 (44.2)

City of Turkey Adana 58 (9.7) 42 (8) 346 (9.1)
Ankara 145 (24.4) 99 (18.9) 783 (20.7)
Çanakkale 14 (2.4) 13 (2.5) 91 (2.4)
Denizli 29 (4.9) 19 (3.6) 157 (4.1)
Düzce 7 (1.2) 10 (1.9) 96 (2.5)
İstanbul 223 (37.5) 221 

(42.3)
1539 (40.6)

Kars 8 (1.3) 6 (1.1) 69 (1.8)
Kırıkkale 9 (1.5) 13 (2.5) 74 (2)
Muş 19 (3.2) 8 (1.5) 79 (2.1)
Ordu 19 (3.2) 24 (4.6) 134 (3.5)
Samsun 31 (5.2) 39 (7.5) 213 (5.6)
Urfa 33 (5.5) 29 (5.5) 210 (5.5)

Class 5.Class 45 (7.6) 43 (8.2) 336 (8.9)
6.Class 80 (13.4) 56 (10.7) 489 (12.9)
7.Class 94 (15.8) 93 (17.8) 624 (16.5)
8.Class 103 (17.3) 89 (17) 658 (17.4)
9.Class 51 (8.6) 35 (6.7) 329 (8.7)
10.Class 95 (16) 90 (17.2) 620 (16.4)
11.Class 43 (7.2) 45 (8.6) 252 (6.6)
12.Class 84 (14.1) 72 (13.8) 483 (12.7)

School Type Secondary School 290 (48.7) 250 
(47.8)

1869 (49.3)

Religion Secondary School 32 (5.4) 31 (5.9) 238 (6.3)
Science and Social Science High 

School
29 (4.9) 32 (6.1) 221 (5.8)

Anatolian High School 112 (18.8) 94 (18) 713 (18.8)
Anatolian Religion High School 10 (1.7) 3 (0.6) 43 (1.1)
Anatolian Vocational and 

Technical High School
72 (12.1) 76 (14.5) 430 (11.3)

Others 50 (8.4) 37 (7.1) 277 (7.3)
Field of Study of 

Students’
Turkish and Mathematics Track 98 (16.5) 94 (18) 667 (17.6)
Science Track 55 (9.2) 44 (8.4) 316 (8.3)
Social Sciences Track 8 (1.3) 12 (2.3) 93 (2.5)
Vocational Training 66 (11.1) 72 (13.8) 430 (11.3)
No Division/Track 268 (45) 226 

(43.2)
1690 (44.6)

Foreign Language Track 7 (1.2) 11 (2.1) 41 (1.1)
Others 93 (15.6) 64 (12.2) 554 (14.6)

Education Level of 
Students’ Mother

Primary Education Graduate 
(Primary School + Secondary 
School)

270 (45.4) 220 
(42.1)

1656 (43.7)

High School Graduate 160 (26.9) 186 
(35.6)

1113 (29.4)

Bachelor, Master’s and Doctorate 
Degree

165 (27.7) 117 
(22.4)

1022 (27)

Education Level of 
Students’ Father

Primary Education Graduate 
(Primary School + Secondary 
School)

215 (36.1) 190 
(36.3)

1218 (32.1)

High School Graduate 186 (31.3) 158 
(30.2)

1262 (33.3)

Bachelor, Master’s and Doctorate 
Degree

194 (32.6) 175 
(33.5)

1311 (34.6)

(Continued)
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item pool was generated based on this literature. Secondly, an open-ended written 
application was conducted with a total of 63 students (32 female, 31 male) studying in 
middle and high school. Students were asked questions such as “What do you feel when 
the mathematics lesson is mentioned? What are your thoughts about mathematics? 
Please write your thoughts freely”, and they were encouraged to express their responses 
openly. The obtained student opinions were evaluated through content analysis and used 
as a resource in the development of the scale items. As a third strategy, the opinions of 
academics specialising in fields such as measurement and evaluation, mathematics 
education, and psychological counselling were consulted; scale items were reviewed 
and edited in line with expert feedback.

In the first two stages of the scale development process, a preliminary item pool of 26 
items was compiled into a list and submitted for expert evaluation. For this purpose, the 
opinions of five academics specialising in mathematics education, educational psychol
ogy, measurement and evaluation, and the historical and social foundations of education 
were obtained. A structured evaluation form was prepared in which each item was 
accompanied by three response options, namely “the item is appropriate and should be 
included in the scale”, “the item is not appropriate and should be removed from the 
scale”, and “the item may be included in the scale provided it is revised”, while experts 
were also invited to suggest specific wording revisions for each item. Prior to making any 
revisions, the consistency among the experts’ ratings was examined by calculating 
Krippendorff’s alpha coefficient (Krippendorff 2018), which yielded a value of .897, indi
cating an acceptable level of inter-rater consistency; items were subsequently revised in 
line with the experts’ qualitative feedback. In addition, the content validity ratio (CVR) for 
each item was calculated using Lawshe’s (1975) technique, based on the experts’ item- 
appropriateness ratings. For a panel of five experts, Lawshe’s critical CVR value is .99; only 
items rated as appropriate by all five experts met this threshold and were retained, and 
the remaining items were revised according to the experts’ suggestions. As a result of 
these evaluations, a preliminary form consisting of 19 items was created, and pilot 
administrations for psychometric analyses were initiated; all 19 items retained after this 
stage accordingly obtained a CVR of 1.00.

Likert-type items were chosen as the item format for the scale, and response options 
were structured using a five-point rating system: “Strongly disagree”, “Disagree”, “Partially 

Table 1. (Continued).

Variable

First Round - 
Data Used for 

EFA

Second 
Round- 

Data 
Used for 

CFA

Third Round - Data Used for 
IRT, MI, and Comparative 

Analyses
n(%) n(%) n(%)

Students’ Family 
Income Level

Our income is less than our 
expenses

284 (47.7) 237 
(45.3)

1644 (43.4)

Our income fully covers our 
expenses

190 (31.9) 167 
(31.9)

1241 (32.7)

Our income is more than our 
expenses

121 (20.3) 119 
(22.8)

906 (23.9)

Total 595 (100) 523 (100) 3791 (100)
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agree”, “Agree”, and “Strongly agree”. The literature emphasises that 5-point Likert scales 
yield psychometrically reliable results and are comprehensible to respondents (Aybek and 
Toraman 2022). To enhance the suitability of the scale items’ language and expression for 
the target audience, linguistic editing (redaction) support was obtained from an expert in 
the field of Turkish Language.

Procedure

The research was completed by following the procedural steps outlined in Figure 1:

Data analysis

The following procedures were performed in data analysis:

● The data obtained from the research were analysed using JAMOVİ and R statistical 
software.

● Before proceeding with data analysis, missing data control was first performed on 
the datasets.

Figure 1. Research procedural steps.
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● Subsequently, the multivariate normality of each data file was evaluated using 
Henze-Zirkler, Mardia, and Doornik-Hansen tests.

● Outlier analysis was conducted on the datasets and considered by taking into 
account their potential effects. Additionally, multicollinearity among scale items 
was examined.

● The Kaiser-Meyer-Olkin (KMO) test and Bartlett’s Test of Sphericity were applied to 
determine the suitability of the sample for factor analysis.

● EFA was performed using the Principal Axis Factoring (PAF) method; when deciding 
on the number of factors, the eigenvalue criterion was considered, with 1 accepted 
as the reference value. To address the possibility that the eigenvalue-greater-than- 
one criterion alone may overestimate the number of factors, a parallel analysis (Horn  
1965) was additionally conducted.

● The scale’s ability to explain the variance related to its target construct (meaning of 
mathematics) was examined.

● The structure obtained from CFA was tested, and the model’s fit level was evaluated 
through fit indices.

● Cronbach’s Alpha, McDonald’s Omega, and Marginal Reliability coefficients were 
calculated for the scale’s internal consistency and reliability. Furthermore, IRT ana
lyses were conducted to analyse the discrimination and difficulty levels of each item.

● MI analyses were performed for gender and school level variables to test the 
comparability of the scale across different groups. Additional metric invariance 
testing was conducted for parental education and family income, given their ade
quate subgroup sample sizes, whereas school type and field of study were not tested 
due to insufficient subgroup sizes for stable multi-group estimation (please see 
Findings).

● Finally, students’ scores obtained from the Meaning of Mathematics Scale were 
evaluated through comparative analyses in terms of demographic variables.

Ethical committee approval

This research was conducted with the approval of the Duzce University Scientific Research 
and Publication Ethics Committee, dated 23 January 2025, decision number 2025/1–54, 
and the permission of the Ministry of National Education, dated 12 June 2025, number 
MEB.TT.2025.024278.

Findings

First phase

Data file examination
Missing data analysis was conducted across three distinct datasets (for EFA, CFA, and IRT), 
revealing no missing values. Tests for multivariate normality, including Henze-Zirkler, 
Mardia, and Doornik-Hansen, indicated that the assumption of multivariate normality 
was not met (p < .05). Outlier detection led to the removal of 18 cases from the EFA 
dataset, 13 from the CFA dataset, and 125 from the IRT dataset. Multicollinearity was 
assessed through Variance Inflation Factor (VIF) values, which ranged between 1.52 and 
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2.35, well below the critical threshold of 10, indicating no multicollinearity concerns 
(Tabachnick and Fidell 2013). In the EFA dataset, the Kaiser-Meyer-Olkin (KMO) measure 
of sampling adequacy was 0.927, while Bartlett’s Test of Sphericity yielded a significant 
result (χ2 = 1899, p < .05), confirming the suitability of the data for factor analysis. A KMO 
value above .90 is considered excellent, and Bartlett’s test result suggests that the 
correlation matrix significantly deviates from an identity matrix, further supporting the 
appropriateness of the dataset for factor analysis (Field 2018; Kaiser and Rice 1974; Pett, 
Lackey, and Sullivan 2003).

Deciding on the number of factors
As a result of the EFA performed using the Principal Axis Factoring method, only one 
factor with an eigenvalue greater than 1 was identified. This factor has an eigenvalue of 
5.97, explaining 55% of the total variance. The obtained variance ratios are within the 
limits accepted in the literature (Hair et al. 2014; Warner 2013). Upon examining the factor 
loadings, it was determined that items 3, 4, 5, 6, 9, 10, 11, and 12 had loadings below 0.30, 
and these items were removed from the scale. After item removal, a total of 11 items 
remained in the scale. The details of the items under the factor are presented in Table 2.

To provide further empirical support for the retained factor structure, a parallel analysis 
(Horn 1965) was conducted using Jamovi. Random datasets matching the sample size and 
number of items were generated, and their initial eigenvalues (based on the correlation 
matrix) were compared against those obtained from the actual data. As illustrated in 
Figure 2, the eigenvalue of the first factor (8.43) clearly exceeded the corresponding 
eigenvalue derived from the randomly generated datasets, while the eigenvalues of the 
remaining factors closely tracked the random-data reference line. To confirm this result 
numerically rather than rely on visual inspection of the scree plot alone, the number of 
factors to extract was additionally set to be determined automatically based on the 
parallel analysis criterion; under this specification, Jamovi’s factor extraction algorithm 
retained exactly one factor. This result corroborates the single-factor solution identified 

Table 2. Item loadings after EFA.

Items Factor
Item Total 
Correlation

Item 2. Knowing mathematics improves my capacity to solve problems I encounter. 0.861 0.820
Item 7. Mathematics allows me to learn new information. 0.823 0.781
Item 14. Mathematics develops my research skills. 0.817 0.786
Item 19. Mathematics facilitates data-driven decision-making. 0.761 0.728
Item 15. Mathematics enables me to focus on solutions rather than problems. 0.746 0.719
Item 16. Mathematics enables me to use resources efficiently. 0.735 0.711
Item 18. Mathematics allows me to reach correct inferences by starting from 

assumptions.
0.733 0.703

Item 17. Knowing mathematics positively affects my self-confidence. 0.673 0.636
Item 13. Mathematics is the most useful tool in humanity’s hands. 0.645 0.630
Item 8. Mathematics functions like an intelligence game that develops the human 

mind.
0.643 0.621

Item 1. It is impossible to understand nature without mathematics. 0.623 0.603

Explained Variance = 54.6(%55). 
RMSEA = 0.076. 
TLI = 0.950. 
X2 = 197 (df = 44, p < .05). 
Bartlett’s Test of Sphericity = 3860 (df = 55, p < .05). 
KMO = 0.949.
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through the Kaiser criterion. It should be noted that this initial eigenvalue reflects the 
unreduced correlation matrix and is therefore not directly comparable to the eigenvalue 
obtained after Principal Axis Factoring extraction (5.97, reported above), which is based 
on communality-adjusted variance; nevertheless, both indices converge on the same 
single-factor conclusion.

Following the EFA procedure, factor loading values were found to range between .623 
and .861, while item-total correlations ranged from .603 to .820. There are no negatively 
worded or reverse-coded items among the 11 items included in the scale. The highest 
possible score on the scale is 55, and the lowest is 11. Higher scores indicate that students 
attribute a high meaning to mathematics, whereas lower scores suggest they perceive 
mathematics as meaningless.

Examination of reliability level
The reliability level of the Meaning of Mathematics scale was examined using Cronbach’s 
Alpha, McDonald’s Omega, and marginal reliability coefficients. The results are presented 
in Table 3.

The reliability values obtained for the MofM scale are .70 and above. According to 
Nunnally and Bernstein (1994), adequate reliability should be at least 0.70 or higher.

Second phase

Confirmation of MofM’s factor structure
As a result of the EFA analyses, it was understood that the MofM consists of a total of 11 
items and exhibits a single-factor structure. One of the stages of scale development is the 

Figure 2. Scree plot comparing eigenvalues from the actual data and Mean eigenvalues from parallel 
random data Sets (jamovi, 500 simulated datasets).

Table 3. MofM Cronbach’s Alpha, McDonald’s Omega, and Marginal Reliability Level.
Scale Cronbach Alpha McDonalds Omega Marjinal

Meaning of Mathematics Scale 0.927 0.928 0.903

10 Ç. ÇALIŞKAN TORAMAN AND O. AKTAN



confirmation of discovered factor structures with data obtained from another sample 
from the target audience. The confirmation process is performed using CFA. The diagrams 
obtained for MofM as a result of CFA can be seen in Figure 3.

As a result of CFA, the fit indices were calculated as follows: CFI = .961, TLI = .950, 
RMSEA = .069, X2 = 148.549 (df = 43, p < .05). These values are above acceptable levels 
according to scale development literature (Anderson and Gerbing 1984; Bentler 1990; 
Hooper, Coughlan, and Mullen 2008; Hu and Bentler 1999; Kline 2005; Marsh, Balla, and 
McDonald 1988; Tabachnick and Fidell 2013; Vieira 2011). The CFA results indicate that the 
EFA factor structure of the MofM has been confirmed.

Third phase

Providing validity and reliability evidence through IRT analyses
In the third stage, the 11-item MofM scale, determined as a result of EFA and CFA, was 
administered to 3791 students. Using these data, IRT analyses were conducted. In IRT 
analyses, the assumptions of unidimensionality and local independence of the scale were 
evaluated (Zhao 2008). Unidimensionality was confirmed by EFA, proving that MofM has 
a single-factor structure. The local independence assumption was tested using the Q3 
statistics (Yen 1993), and analyses were performed via the “Mirt” package program 
(version 1.30; Chalmers 2012) within the R program (version 4.1.2). A critical value of 
0.20 was adopted, and no item violating local independence was detected in the 
examinations.

Within IRT, item calibrations were performed using the Generalised Partial Credit 
Model (GPCM). The calculated statistics are presented in Table 4.

In IRT analyses, RMSEA values were used to evaluate item fit; values of 0.080 and below, 
accepted as a fit indicator (Stout 1990), were met for MofM items. Additionally, the Scaled 
Pearson Chi-square Index (S_χ2) was used to measure the fit of the items to the model, 
and items were found to be consistent with significance values of p > .05 (Orlando and 
Thissen 2000). Estimations based on the GPCM model (LogLikelihood, p < .05) also indi
cated that item fit was achieved. For the item discrimination parameter (“a”), the accep
table range is between 0.75 and 2.50 (Flannery, Reise, and Widaman 1995), while the item 
difficulty parameter (“b”) is ideally considered between −1.00 and 1.00 (Hambleton 1994). 
Analysis results showed that the discrimination values of some items exceeded 2.50, and 
some items’ difficulty parameters fell outside the ideal limits. Item information functions 
and item characteristic curves for MofM items are presented in Figures 4 and 5.

Figure 3. CFA diagram of the MofM single-factor Structure.

EDUCATIONAL STUDIES 11



The item information function graphically illustrates the range of a trait where the item 
best discriminates among individuals in the measurement instrument (Edelen and Reeve  
2007). Examination of the graphs revealed that the items provided a high level of 
information regarding the measured trait, the meaning of mathematics. Furthermore, 
Item 1 and Item 8 were determined to provide lower, but still high, levels of information 
compared to other items.

The item probability function is a mathematical function that shows the probability of 
a person correctly answering a specific item or responding with a particular option, given 
their ability level (θ) (de Ayala 2009). For Likert-type items, the item probability function 
reveals how the item functions with different choices. In the examined graphs, it was 
observed that the “disagree” option was less functional than other options in many items. 
Specifically, items 1, 8, 16, 17, 18, and 19 were determined to function more like four- 
option items.

Providing evidence for MI

MI is a structural equation modelling (SEM) method used to evaluate the consistency of 
a measurement instrument’s factor structure and whether it measures the same construct 
across different groups (e.g. gender, age, or cultural groups). The primary goal of this 
method is to determine whether observed differences between groups stem from true 
differences in the measured construct or from systematic biases originating from the 
scale. MI is examined hierarchically through configural, metric, scalar, and strict invariance 
tests (Meredith 1993; Putnick and Bornstein 2016).

The measurement models in Figure 3 were tested via CFA in separate groups for 
students based on gender and school level (middle school and high school). The CFA fit 
indices are as follows:

● For MofM female; X2/df = 2.15, RMSEA = 0.065, CFI = 0.958, and TLI = 0.949,

Table 4. MofM item parameters and item fit-Indexes.

Items

GPCM Item Difficulty and Discrimination Values

S_χ2 df RMSEA a b1 b2 b3 b4

Item 1 1270.768 123 0.050 1.249 −1.666 −0.874 0.303 1.168
Item 2 1101.771 97 0.052 3.024 −1.635 −1.124 −0.460 0.353
Item 7 1088.955 102 0.051 2.634 −1.920 −1.272 −0.547 0.236
Item 8 1311.285 127 0.050 1.571 −2.478 −1.889 −0.929 0.192
Item 13 1268.116 115 0.051 1.780 −1.955 −1.121 −0.270 0.954
Item 14 1106.460 100 0.052 2.789 −1.595 −1.050 −0.332 0.481
Item 15 1347.573 111 0.054 2.150 −1.916 −1.265 −0.437 0.385
Item 16 1166.660 113 0.050 2.264 −1.658 −1.132 −0.281 0.595
Item 17 1188.921 123 0.048 1.784 −1.954 −1.394 −0.680 0.254
Item 18 1133.924 110 0.050 2.064 −1.952 −1.423 −0.449 0.589
Item 19 1298.459 114 0.052 1.939 −2.161 −1.520 −0.675 0.368

IRT of Calibration Values for Child Form Factor 1: Log Likelihood = −50, 154.276, p < .05 Iteration = 91. 
GPCM: Generalised Partial Credit Model. 
RMSEA: Root Mean Square Error of Approximation. 
S_χ2: Scaled Pearson Chi-square Index. 
df: Degree of Freedom. 
a: Item Discrimination. 
b: Item Difficulty.

12 Ç. ÇALIŞKAN TORAMAN AND O. AKTAN
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● For MofM male; X2/df = 2.05, RMSEA = 0.059, CFI = 0.962, and TLI = 0.950,
● For MofM secondary school; X2/df = 2.66, RMSEA = 0.073, CFI = 0.921, and TLI = 0.911,
● For MofM high school; X2/df = 2.56, RMSEA = 0.071, CFI = 0.912, and TLI = 0.901.

The structure previously determined in EFA analyses and confirmed for the entire group 
with CFA was found to be consistent with the accepted CFA fit index values in the 
literature for both male and female students, as well as for middle school and high school 
students, indicating that it measures the same construct. The MI of the MofM scale 
according to gender and educational level was examined through configural, metric, 
scalar, and strict invariance tests, respectively. The obtained fit indices and ΔCFI values 
were evaluated, and the results are summarised in Table 5.

The MofM scale demonstrates the same factor structure for both genders and for both 
middle school and high school students. The ΔCFI values obtained in the metric, scalar, 
and strict MI tests were found to be less than 0.01. The ΔCFI criterion proposed by Cheung 
and Rensvold (2002) and Chen (2007) was accepted as ΔCFI ≤ 0.01 in this research.

Additional MI testing for parental education and family income

MI was tested only for gender and school level, additional analyses were considered for school 
type, field of study, parental education, and family income. However, several subgroups within 
school type and field of study contained as few as 41 to 93 participants, which is well below 
the sample sizes recommended for stable multi-group CFA estimation (Jackson 2003; 
MacCallum et al. 1999); invariance testing was therefore not attempted for these two 
variables. In contrast, the subgroups for parental education and family income each contained 
at least 906 participants, a sample size adequate for multi-group modelling. Metric invariance 
(equality of factor loadings) was therefore tested for mother’s education, father’s education, 
and family income using a multi-group CFA with Lagrange multiplier (score) tests for each 
loading constraint, estimated via diagonally weighted least squares given the ordinal nature 
of the items. The results of these analyses are presented in Table 6.

Table 5. Measurement invariance data.
Child Form

Measurement invariance RMSEA CFI TLI ΔCFI

Gender Configural 0.065 0.951 0.935
Metric 0.064 0.952 0.938 0.000
Scalar 0.061 0.955 0.939 0.002
Strict 0.059 0.954 0.941 0.006

School Level Configural 0.075 0.931 0.920
Metric 0.072 0.933 0.921 0.000
Scalar 0.069 0.934 0.923 0.003
Strict 0.066 0.934 0.925 0.007

Table 6. Multi-group CFA fit and loading invariance tests for parental education and family income.
Variable Scaled χ2 df CFI (scaled) TLI (scaled) RMSEA (scaled) [95% CI]

Family Income 1950 150 0.970 0.967 0.097 [0.094, 0.101]
Mother’s Education 2121 150 0.965 0.961 0.102 [0.098, 0.106]
Father’s Education 1993 150 0.966 0.962 0.099 [0.095, 0.103]

Non-invariant factor loadings (Lagrange multiplier score tests, p < .05): Family Income = 17/20; Mother’s Education = 14/ 
20; Father’s Education = 14/20.
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Although the multi-group models showed acceptable overall fit, the majority of factor 
loadings were found to differ significantly across groups for all three variables (14 to 17 of 
the 20 tested constraints, p < .05), indicating that metric invariance does not hold for 
mother’s education, father’s education, or family income. Because scalar (threshold) 
invariance presupposes metric invariance, and the latter was not supported, scalar invar
iance testing was not pursued for these three variables; consequently, group comparisons 
of MofM scores based on these variables cannot be assumed to rest on equivalent 
measurement. This means that the MofM items do not necessarily relate to the underlying 
construct in the same way across these subgroups.

Comparison of students’ MofM scores across different variables

Within the scope of the third phase, the 11-item MofM scale, determined as a result of EFA 
and CFA, was administered to 3791 students. In comparative analyses conducted with the 
obtained data, the Mann-Whitney U Test was used for two-group comparisons, and the 
Kruskal-Wallis Test for comparisons involving three or more groups. This choice was made 
because the participants’ MofM scores did not show a normal distribution. The signifi
cance level was set at p < .05, and the results are presented in Table 7.

Comparative analyses revealed significant differences in students’ meaning attributed 
to mathematics based on several demographic and socioeconomic factors (p < .05). Male 
students assigned greater meaning to mathematics than females. The perceived meaning 
declined as grade level increased, notably after 8th grade, but rose again in 12th grade due 
to university exam preparation. School type also influenced meaning. Imam Hatip middle 
schools, science-social sciences high schools, and Anatolian Imam Hatip High Schools 
attributing higher meaning, while Anatolian High Schools and Anatolian Vocational 
Technical High Schools showed lower levels. Regarding study fields, students in science, 
Turkish-mathematics, or undecided fields valued mathematics more than those in foreign 
language or social sciences. Parental education level impacted meaning: students with 
mothers or fathers holding only primary education attributed less meaning than those 
with parents educated at high school level or above. Additionally, students whose family 
income was below expenses assigned less meaning to mathematics compared to those 
with income equal to or exceeding expenses, with a gradual increase observed across 
income levels. Overall, these findings highlight that students’ mathematical meaning 
perceptions are strongly shaped by gender, grade, school type, study field, parental 
education, and family income. To contextualise the practical significance of these differ
ences given the very large sample size, effect sizes (rank-biserial correlation for two-group 
comparisons; epsilon-squared for comparisons involving three or more groups) were 
additionally computed and are reported in Table 7.

Discussion and conclusion

The construct validity of the MoM scale in the research was examined through EFA, CFA, 
IRT, and MI analyses. The EFA results revealed a reliable single-factor structure composed 
of 11 items after removing eight items with item-total correlations below 0.30 or contain
ing excessively positive or negative statements. This structure accounted for approxi
mately 55% of the total variance, which is at an acceptable level in the social sciences 
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(Fabrigar and Wegener 2012; Hair et al. 2014; Kline 2005). Factor loadings for the scale 
items ranged from .62 to .86, and item-total correlations ranged from .60 to .82, both 
substantially exceeding the generally accepted minimum thresholds in the social sciences 
(Field 2018; Hajjar 2018; Williams, Onsman, and Brown 2010).

The accuracy of the single-factor structure derived from the EFA was tested with CFA. 
The CFA results (CFI = .961, TLI = .950, RMSEA = .069, X2 = 148.549; df = 43, p < .05) were 
found to be above the recommended thresholds in the literature, indicating a good fit of 
the model to the data (Anderson and Gerbing 1984; Bentler 1990; Hooper, Coughlan, and 
Mullen 2008; Hu and Bentler 1999; Kline 2005; Marsh, Balla, and McDonald 1988; 
Tabachnick and Fidell 2013; Vieira 2011). Thus, the CFA confirmed the factor structure 
determined by the EFA. In the third phase of construct validity, the 11-item MoM scale was 
administered to a large sample of 3,791 individuals, and IRT analyses were used to 
examine the assumptions of unidimensionality (DeMars 2010) and local independence 
(Yen 1993). While factor analysis supported the single-factor structure, no items exceeded 
the critical value of 0.20 for local independence, indicating that the items functioned 
independently and the model assumptions were met.

In the IRT analyses, RMSEA values below 0.080 (Hu and Bentler 1999; Stout 1990) 
demonstrated a high degree of fit between the items and the IRT model used. High 
significance levels (p > .05) in the Scaled Pearson Chi-square analyses further supported 
the items’ fit to the model (Orlando and Thissen 2000). The estimation results from the 
Generalised Partial Credit Model (GPCM) also confirmed this fit, with Log-Likelihood 
statistics (p < .05) showing that the model fit the data well and successfully reflected 
variance at the item level (Muraki 1992; Warm 1989). The item discrimination (a) para
meter for most items fell within the ideal range of 0.75–2.50, with some exceeding this 
value, which indicates high sensitivity in differentiating between participants (Gyamfi and 
Acquaye 2023). Closer inspection of the threshold estimates presented in Table 4, how
ever, shows that the first two threshold parameters (b1 and b2) for most items fell 
considerably below the conventionally ideal range, ranging from approximately −2.478 
to −1.595 for b1, whereas the third and fourth thresholds (b3 and b4) generally remained 
within the ideal range of −1.00 to 1.00. This pattern indicates that the items are relatively 
easy to endorse, providing substantial information at low-to-moderate trait levels but 
comparatively less discrimination among students at the higher end of the meaning-of- 
mathematics continuum, consistent with the reduced functioning of the lowest response 
category discussed below. Overall, the IRT findings indicate that the construct validity of 
the MoM scale is reasonably strong, though measurement precision is less pronounced 
among students who already attribute high meaning to mathematics.

Item Information Function analyses demonstrated that the items in the MoM scale 
measure the “meaning of mathematics” at a high level (Hambleton and Swaminathan  
2013). In the Item Characteristic Curve plots, the “disagree” option was observed to have 
lower discrimination compared to other response categories (Embretson and Reise 2013). 
This finding does not contradict the rationale for adopting a five-point format at the scale- 
development stage, given that five-point response formats have generally been shown to 
offer advantages over three-point formats in terms of reliability and test information 
(Aybek and Toraman 2022). Nevertheless, the present IRT results suggest that, specifically 
for this instrument, the lowest response category may be underperforming for several 
items. Since re-administering the scale with a different number of response categories 
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was beyond the scope of the present study, we recommend that future research admin
ister three- and four-point versions of the MofM scale and empirically compare their 
psychometric performance against the present five-point format; such comparative evi
dence would help determine the optimal response format for this specific construct and 
would further contribute to the broader literature on response-category functioning in 
Likert-type scales. The MI of the scale was tested based on gender (female-male) and 
education level (middle school-high school). The structure determined by EFA and con
firmed by CFA in the general sample was found to be valid in the subgroups; fit indices in 
the confirmatory factor analyses for the gender and school level groups were at accep
table levels. These findings indicate that the MoM scale measures the same construct 
across different groups and that MI is established (Millsap 2011). In conclusion, the MoM 
scale is determined to be a valid and reliable instrument for measuring the meaning 
students in middle and high school ascribe to mathematics.

Comparative analyses have shown a significant difference in the meaning of mathe
matics based on the gender variable. The level of meaning ascribed to mathematics was 
found to be higher among male students than female students. Similar findings in the 
literature from studies on variables such as mathematics achievement (Hyde and Mertz  
2009; Hyde, Fennema, and Lamon 1990; Perez Mejias et al. 2021), attitudes towards 
mathematics (Brandell and Staberg 2008; Dowker and Sheridan 2022; Hyde, Fennema, 
and Lamon 1990; Reilly, Neumann, and Andrews 2019), mathematics self-efficacy (Hackett 
and Betz 1989; Huang 2013; Louis and Mistele 2012; Pajares 2005), and mathematics 
learning motivation (Gasco, Goñi, and Villarroel 2014; Skaalvik and Skaalvik 2004; Xiao and 
Sun 2021) generally indicate this difference favouring male students. This finding sug
gests that male students develop a more positive perception of mathematics, establish 
a stronger personal connection with the subject, and view it as a more functional and 
valuable discipline. Gender roles, family attitudes, teacher behaviours, and implicit mes
sages conveyed in the instructional environment are considered to be influential in the 
emergence of this difference. Furthermore, the lower perception of the meaning of 
mathematics among female students may be related to their mathematical achievement, 
self-efficacy beliefs, motivation levels, and attitudes, which aligns with previous research. 
However, the magnitude of this difference was modest (rank-biserial correlation = 0.235), 
corresponding to a small-to-moderate effect according to conventional benchmarks 
(Cohen 1988); although statistically significant given the large sample size, the practical 
difference between male and female students was not substantial. It should be noted, 
however, that these explanations remain plausible interpretations rather than empirically 
confirmed causal mechanisms, as the cross-sectional design of this study does not allow 
for causal inference regarding the role of gender roles, family attitudes, or teacher 
behaviour.

Analysis indicated a significant inverse relationship between grade level and the 
meaning students ascribe to mathematics, showing a diminished sense of meaning as 
students advance. While middle schoolers reported higher meaning, a notable decline 
began in the 8th grade. This trend was reversed in the 12th grade, where meaning re- 
increased, coinciding with the proximity of the university entrance examination. This 
suggests students’ perception of mathematics shifts from intrinsic meaning towards 
association with examination success and academic necessity as they progress through 
their education. Students, who exhibit a more open, curiosity-based, and meaning- 
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seeking approach to mathematics particularly in the early years of middle school, may 
become disengaged from the subject as their grade level increases, a pattern that may 
be related to examination pressure, achievement expectations, and instructional styles. 
This trend is also supported by research conducted with different age groups. 
Niemivirta et al. (2024) indicated that students’ perceptions of mathematical compe
tence and intrinsic value decrease over time. Campbell, Vela, and Powell (2025) 
reported that students’ interest and self-confidence in mathematics decline as the 
grade level advances. Similarly, a study conducted in Turkey observed significant 
decreases in students’ attitude scores towards mathematics as the grade level 
increased (Gulburnu and Yildirim 2021). These findings suggest that changes in the 
meaning and perception of mathematics are influenced not only by cognitive factors 
but also by affective and motivational factors. However, according to the research 
findings, the meaning of mathematics generally decreases as the grade level increases, 
but this meaning rises again in the 12th grade. This increase may be associated with 
the perception of mathematics as a more valuable and functional subject for exam 
success, coinciding with the Higher Education Institutions Exam (HEIE) administered in 
the 12th grade in Turkey. The value students attribute to mathematics tends to 
increase during examination periods (Köller, Baumert, and Schnabel 2001). This phe
nomenon supports the view, in accordance with Eccles’ Expectancy-Value Theory 
(Eccles 2005; Eccles and Wigfield 2020), that increased expectations of success lead 
students to perceive mathematics as a more meaningful and important domain. The 
overall findings reveal that the meaning students ascribe to mathematics changes 
periodically, and this change coincides with examination timing and academic neces
sities. The corresponding effect size (ε2 = 0.101) indicated a moderate effect (Tomczak 
and Tomczak 2014), suggesting that grade level accounts for a non-trivial, though not 
large, proportion of the variance in the meaning attributed to mathematics. It is 
important to note that these grade-level differences were examined using a cross- 
sectional design; therefore, they may reflect cohort differences between students of 
different ages and school-entry cohorts rather than genuine developmental change 
within individuals over time, and the proposed explanation involving university 
entrance examination preparation, while plausible, remains a post hoc interpretation 
that was not directly tested in this study.

The research determined that the type of school students attend creates significant 
differences in the meaning of mathematics. The students who attributed the least mean
ing to mathematics were those from Anatolian High Schools and Anatolian Vocational 
and Technical High Schools. Conversely, the students who assigned the highest meaning 
to mathematics were those from middle schools, Imam Hatip middle schools (religious 
vocational schools), Science-Social Sciences High Schools, and Anatolian Imam Hatip High 
Schools. This finding is consistent with previous studies in Turkey that examined the effect 
of school type on students’ mathematical perception (Cansız-Aktaş and Aktaş 2012; Çelik 
and Ceylan 2009; Yasar 2016). Furthermore, PISA 2003 Turkey data indicated that students 
in high-achieving schools, such as science high schools and Anatolian high schools, had 
stronger mathematical self-efficacy and mathematical self-concept, and clear differences 
existed between vocational high schools and general high schools (World Bank 2005). 
PISA 2018 results for Turkey also reported that the mathematics performance of schools 
admitting students by examination was significantly higher (OECD 2019).
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The meaning students attribute to mathematics appears to be associated not only with 
individual beliefs but also with institutional factors such as school type, student profile, 
and academic expectations. Students in high-achieving, exam-admitting schools, includ
ing Science-Social Sciences High Schools and Anatolian Imam Hatip High Schools, report 
elevated meaning, a finding linked to their selective admission based on high mathema
tical achievement and intrinsic motivation. Conversely, lower meaning in vocational and 
Anatolian high schools may be associated with differences in student demographics, 
resource availability, and motivation.

Furthermore, field of study significantly differentiates the ascribed meaning. Students 
in Science and Turkish-Mathematics fields, as well as those who have not yet chosen 
a field, attribute the highest meaning to mathematics. This is explained by the subject’s 
direct relevance and heavy curricular weighting. In contrast, students in Foreign 
Language and Social Sciences fields assign the lowest meaning, which is attributed to 
the more indirect connection with mathematics, course content divergence, and subse
quent decline in attitude and motivation. These outcomes affirm that students’ field 
choices and associated achievement expectations are significantly associated with their 
connection with mathematics, a finding consistent with Eccles’ Expectancy-Value Theory 
(Eccles 2005; Eccles and Wigfield 2020). The effect size associated with school type (ε2 =  
0.108) indicated a moderate effect, whereas the effect associated with field of study (ε2 =  
0.048) was comparatively smaller, though still within the moderate range (Tomczak and 
Tomczak 2014), indicating that both institutional factors meaningfully, but not overwhel
mingly, differentiate students’ ascribed meaning. As with the other demographic com
parisons, these institutional and motivational explanations are plausible interpretations 
consistent with the observed pattern of scores rather than causal conclusions that can be 
drawn from the present cross-sectional data.

The research also determined that the educational level of the students’ mothers 
created a significant difference in the meaning of mathematics. The meaning ascribed 
to mathematics by students whose mothers had a primary education level was lower 
compared to students whose mothers had high school, university, and higher levels of 
education. This indicates that the educational level within the family is associated with 
students’ academic attitudes, perceptions, and motivations towards mathematics and 
with their perception of meaning. Support from highly educated mothers enables the 
student to better grasp the importance of mathematics, while this support and 
awareness may be limited in families with lower educational levels (Davis-Kean 2005; 
Fan and Chen 2001; Hidayatullah and Csíkos 2024; Marks 2008; Susperreguy et al.  
2022; Tomul, Önder, and Taslidere 2021). Furthermore, different studies have also 
found that children whose mothers have a higher educational level exhibit higher 
mathematics achievement and more positive attitudes towards mathematics (Çanakçı 
and Özdemir 2015; Deniz and Cıtdır 2020). This finding suggests that maternal educa
tion level is a significant factor, extending beyond its role as a socioeconomic indi
cator, by being closely associated with students’ perceptions, values, academic goals, 
and self-efficacy in mathematics. High maternal education facilitates higher achieve
ment expectations in the home, increased access to extracurricular resources, and 
a more academically motivating environment, all of which are associated with stu
dents perceiving mathematics as more meaningful and developing a positive attitude 
towards the subject. Concurrently, this result highlights educational inequalities, as 
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students whose mothers have lower educational attainment may be disadvantaged in 
their attitudes and achievement due to a lack of sufficient resources and support. This 
difference corresponded to a moderate effect size (ε2 = 0.041; Tomczak and Tomczak  
2014).

Similarly, it was determined that the educational level of the students’ fathers also 
created significant differences in the meaning of mathematics. The meaning ascribed to 
mathematics by students whose fathers had a primary education level was lower com
pared to students whose fathers had high school, university, and higher levels of educa
tion. Furthermore, the meaning ascribed to mathematics by students whose fathers had 
a high school education was lower than that of students whose fathers had a university 
education or higher. The tendency for students to attribute a higher meaning to mathe
matics as the father’s educational level increases may be related to academic parental 
modelling, expectation levels, and the value placed on learning within the family. 
Educated fathers generally become more involved in their children’s education, demon
strate higher expectations for achievement, and provide an environment that supports 
academic goals (Cruz, Barbosa-Ducharne, and Canário 2020; Del Río et al. 2017; Putnick 
et al. 2020; Spera 2005). This pattern is consistent with the possibility that the father’s 
educational level is indirectly associated with the meaning ascribed to mathematics. This 
difference likewise corresponded to a moderate effect size (ε2 = 0.043; Tomczak and 
Tomczak 2014). As with maternal education, metric invariance was not supported for 
this variable, so this comparison should likewise be interpreted with caution.

The research determined that the income level of the students’ families created 
a significant difference in the meaning of mathematics. Students whose family income was 
less than their expenditures ascribed less meaning to mathematics than those whose family 
income was equal to or exceeded their expenditures. Furthermore, the meaning ascribed to 
mathematics by students whose family income was equal to their expenditures was lower 
than that of students whose family income exceeded their expenditures. This pattern sug
gests that socioeconomic status is associated not only with access to physical resources but 
also with how students make sense of mathematics. Davis-Kean (2005) stated that there is 
a positive relationship between family income level and children’s academic achievement, 
and this relationship coincides with parental expectations and the learning environment 
provided at home. Similarly, Sirin’s (2005) comprehensive meta-analysis revealed that stu
dents from lower socioeconomic backgrounds have lower academic achievement and moti
vation for learning. Children with higher-income families may perceive mathematics as a more 
functional, valuable, and meaningful discipline due to having greater learning opportunities, 
extracurricular resources, and a supportive environment. The OECD’s (2019) PISA 2018 results 
also indicate that economic resources are associated with not only academic achievement but 
also how students make sense of the learned knowledge. Additionally, various studies support 
that the socioeconomic status of families is significantly associated with mathematics achieve
ment (Chiu and Chow 2015; Choi et al. 2015; Østbø and Zachrisson 2022; Papanastasiou 2002). 
These findings suggest that the meaning students ascribe to mathematics is associated not 
only with individual interest and effort but also with external factors such as the family’s 
socioeconomic status and social environment. Although statistically significant, this difference 
corresponded to a weak effect size (ε2 = 0.013; Tomczak and Tomczak 2014), suggesting that, 
given the very large sample size, family income accounted for only a small proportion of the 
variance in students’ ascribed meaning of mathematics.
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Recommendations

To strengthen the validity and reliability of the scale, it is recommended to re-administer it 
to samples varying in age, region, and socioeconomic groups. The factors influencing the 
perception of the meaning of mathematics (gender, grade level, school type, field of 
study, parental education, and socioeconomic status) should be investigated in depth 
through qualitative research. To enhance students’ meaning-making of mathematics, 
engaging, interdisciplinary learning experiences linked to daily life and careers should 
be offered; content should be enriched, particularly in fields where mathematics is 
perceived as less valuable. Awareness and guidance services should be provided to 
parents, and teachers should develop motivational methods targeting diverse student 
profiles. Policymakers should ensure equitable resource distribution to reduce the dispa
rities between school types and socioeconomic differences. Furthermore, the impact of 
the examination-focused structure should be considered, and in-class academic perfor
mance should also be taken into account. In designing such teacher-facing interventions, 
the classification system of autonomy-, competence-, and relatedness-supportive motiva
tional behaviours proposed by Ahmadi et al. (2023) offers a concrete, empirically 
grounded framework that teachers and teacher educators could draw upon to foster 
more meaningful engagement with mathematics.

Limitations

The first limitation of the study is that it only covers the middle school and high school 
levels, thus excluding an investigation into the meaning-perception of mathematics 
among primary school students. This creates a gap in knowledge regarding the develop
ment of mathematical meaning during the primary school period. Secondly, the exclusive 
use of quantitative measurement instruments constitutes another limitation. The devel
oped scale may have restricted the in-depth and contextual understanding of the mean
ing students ascribe to mathematics; therefore, future studies supported by qualitative 
methods are recommended. Another limitation of the research is that the developed scale 
is restricted to the Turkish language and culture. This limits the scale’s validity in different 
languages and cultures. Moreover, the fact that the research was conducted solely with 
a Turkish sample indicates that the findings and conclusions should only be interpreted 
within this context. Adapting and administering the scale in different cultural and linguis
tic settings is important for increasing generalisability. An additional limitation concerns 
the cross-sectional design of the study. As data were collected at a single time point 
across different grade levels, the observed differences between grades may reflect cohort 
effects rather than genuine within-student developmental change. Longitudinal designs 
would be needed to draw firmer conclusions about developmental trajectories in the 
meaning students attribute to mathematics.

Although Turkish-language instruments exist to measure closely related but concep
tually distinct constructs, such as attitudes towards mathematics and engagement in 
mathematics lessons, no validated Turkish instrument currently exists that measures the 
meaning students attribute to mathematics, or a sufficiently equivalent construct, against 
which the MofM scale’s convergent, discriminant, or criterion-related validity could be 
meaningfully assessed. Consequently, the validity evidence presented in this study is 

24 Ç. ÇALIŞKAN TORAMAN AND O. AKTAN



limited to internal structure (EFA, CFA, IRT, and MI) and does not extend to external 
validity criteria. Future research should examine the relationship between the MofM scale 
and validated measures of mathematics achievement, attitudes, self-efficacy, or motiva
tion, either as comparable Turkish instruments become available or through cross-cultural 
adaptations of related international measures, in order to further substantiate the nomo
logical network of the meaning-of-mathematics construct. A related limitation concerns 
MI. Because several subgroups within school type and field of study were too small 
(n = 41–93) for stable multi-group CFA estimation (Jackson 2003; MacCallum et al.  
1999), invariance testing could not be extended to these variables. For parental education 
and family income, subgroup sizes were adequate, and metric invariance testing was 
conducted; however, the majority of factor loadings were found to be non-invariant 
across groups for all three variables. Consequently, the corresponding group comparisons 
reported in this study should be interpreted with caution, and future research should 
further investigate the sources of this non-invariance, for example through differential 
item functioning analyses at the item level.
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