
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

1. Introduction 

Education is a dynamic process that shapes individuals' cognitive, affective, and social development 
(Lyons & Higgins, 2014). This process interacts directly not only with the individual's inherent 
characteristics but also with external environmental factors (Auerbach, 2016). For instance, Vygotsky's 
sociocultural theory posits that learning is profoundly shaped by social interaction, emphasizing that 
knowledge is constructed at the social level and subsequently internalized by the individual (Vygotsky, 
1978). This approach highlights that learning is fundamentally a social, rather than purely individual, 
process. Similarly, Bronfenbrenner’s ecological systems theory views individual development as 
occurring through continuous interactions with multiple environmental systems. Within the 
microsystem level, this theory identifies the family, school, and peer groups as the most immediate 
influences (Bronfenbrenner, 1977). The interactions across these layers shape both the individual's 
developmental and learning processes. When these theories are considered together, it is evident that 
an individual's learning and developmental trajectories are shaped by social relations and 
environmental contexts. In this context, continuous interactions between the individual and their 
environment can lead to relatively permanent changes in their cognitive, affective, and behavioral 
development (Arı, 2014). 

Among these environmental factors, the family system specifically influences students' academic 
achievement and attitudes toward the educational process. As a key component of this system, parental 
involvement can shape the quality of a student's educational experience. Specifically, since mathematics 
requires abstract reasoning, interactive parental involvement—such as discussing problem-solving 
strategies or verbalizing mathematical concepts—serves as a crucial scaffolding mechanism. This 
interaction not only clarifies abstract concepts but also models mathematical thinking, thereby directly 
influencing the child's cognitive processing and reducing math anxiety (Liu et al., 2026; Yuan et al., 
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Abstract: Acknowledging a lack of precise instruments that specifically measure the 
nature and quality of parental engagement within the home environment, particularly in 
mathematics, this study aimed to develop and validate the Parental Involvement in 
Mathematics Scale (PIMS). PIMS is a multidimensional instrument designed to assess the 
academic support parents provide exclusively in the home setting, deliberately excluding 
school-based involvement. The methodology involved rigorous psychometric procedures, 
including content validation and subsequent factor analyses across two independent 
parent samples residing in the Marmara Region of Türkiye. Exploratory Factor Analysis 
(EFA) was performed on a sample of 171 parents, and Confirmatory Factor Analysis (CFA) 
on an independent sample of 241 parents. The final 16-item scale confirmed a reliable 
three-factor structure: Directive Involvement, Interactive Involvement, and Situational 
Involvement. Psychometric analyses confirmed acceptable internal consistency (α=.70) 
and strong criterion validity, demonstrating a significant positive correlation with the 
criterion measure (r=.61, p<.01). Despite its robust psychometric foundation, the scale's 
measurement power is limited by the Situational Involvement factor's low internal 
consistency and restricted item count. Overall, PIMS provides researchers and 
practitioners with a reliable and valid tool for precisely assessing home-based parental 
involvement in mathematics, facilitating the design of effective, targeted interventions. 
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2026). Research consistently demonstrates that active parental involvement in the educational process 
improves students' focusing skills and increases their motivation to learn (Mardianti, 2025), supports 
their psychological resilience (Tianyu & Masnan, 2023), and positively affects their attitudes toward the 
course (Oluwatelure & Oloruntegbe, 2010). These effects have significant consequences for academic 
performance and mental health, extending across the primary, secondary, and high school levels (Wang 
& Sheikh-Khalil, 2014). Indeed, parental involvement can significantly indirectly contribute to academic 
success by influencing students' motivational, cognitive, and behavioral attributes related to learning 
(Hoover-Dempsey & Sandler, 2005). 

Particularly in disciplines involving abstract concepts, such as mathematics, parental support is critical 
for enhancing not only students' attitudes but also their academic achievement (Becker & Epstein, 1981; 
Epstein, 2018; Grolnick et al., 1997; Özdemir & İnci, 2024). Given that mathematics courses are often 
perceived as challenging by students, parental support can increase students' interest in learning 
mathematics (Mohd Hanafiah et al., 2024) and potentially reduce their math anxiety (Tang & Tran, 
2023). However, the effect of parental support is not uniformly positive. The effectiveness of parental 
involvement is highly contingent upon its specific form and relevant contextual factors. As suggested in 
the literature, some types of involvement correlate positively with academic success, while others may 
be ineffective or even counterproductive (Boonk et al., 2018). This observed diversity underscores the 
need for categorizing parental involvement to achieve a more systematic understanding of the 
construct.  

Parental involvement has been modeled using various theoretical approaches in the literature and 
conceptualized within multidimensional frameworks. While Grolnick and Slowiaczek (1994) classified 
parental involvement into three dimensions—behavior, intellectual/cognitive, and personal—Epstein 
et al. (2018) presented a more comprehensive model by dividing this involvement into six categories: 
parenting, communicating, volunteering, learning at home, decision-making, and collaborating with the 
community. Focusing specifically on early adolescence, Hill and Tyson (2009) conceptualized parental 
involvement in three categories: home-based, school-based, and academic socialization. Subsequently, 
Boonk et al. (2018) simplified this existing diversity and conceptualized parental involvement in two 
basic forms: home-based and school-based. Collectively, these models demonstrate that parental 
involvement is not merely a form of behavior; rather, it is a multi-layered process that affects multiple 
dimensions, ranging from students’ academic achievement and cognitive development to their attitudes 
toward the educational process and motivation, thereby enabling the systematic evaluation of this 
complex process. 

1.1. Studies to measure parental involvement 

Research on parental involvement aims to systematically evaluate parental roles in educational 
processes by considering the behavioral, cognitive, and emotional dimensions of the concept. 
Consequently, the literature contains numerous scales, both originally developed and adapted across 
different cultures. For example, multidimensional scales focusing on parental involvement have been 
developed by Gürbüztürk and Şad (2010) for the primary school level, Santillan et al. (2023) for the high 
school level, and Gugiu et al. (2019) and Yampolskaya and Payne (2025) for the preschool level. While 
Gugiu et al. (2019) generated original items based on the Hoover-Dempsey and Sandler model, 
Yampolskaya and Payne (2025) achieved a valid and reliable measurement tool by restructuring 
existing items within a national dataset. Similarly, Ahmetoğlu et al. (2018) and Xia et al. (2021) 
conducted adaptation studies focused on cultural validity, adapting the Family Involvement 
Questionnaire (Fantuzzo et al., 2000) into Turkish and Chinese, respectively. Among the scale 
adaptations based on Epstein's six types of parental involvement, Ahioğlu Lindberg and Demircan 
(2013) evaluated multidimensional perceptions using tools administered to secondary school students, 
and Erdener (2016) used tools administered to school principals and teachers. Furthermore, Goulet et 
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al. (2023) adopted a measurement approach to parental involvement based on student perceptions 
using the Student-Rated Parental School Involvement Questionnaire (SR-PSIQ) scale, developed at the 
primary school level. 

Studies that address parental involvement are significant in the literature, particularly those that focus 
on the psychological and motivational processes that shape involvement beyond mere behavioral 
aspects. To this end, Walker et al. (2005) revised the first two levels of Hoover-Dempsey and Sandler’s 
theoretical framework and developed a corresponding scale to measure the psychological constructs 
underlying involvement. Their work linked the theoretical rationale (why and how parents are 
involved) to forms of home- and school-based involvement. The scale developed from this model was 
later adapted to Turkish culture by Işık and Şahin (2021) to assess the involvement level of primary 
school parents. Similarly, Yosef et al. (2021), building on Epstein's typology, created a multidimensional 
parental competence scale to evaluate parental involvement skills in primary education. More recently, 
Ebeoğlu Duman and Akgöz Aktaş (2024) integrated a psychological dimension by developing a scale 
that jointly evaluates the behavioral and emotional aspects of parenting. 

Parental involvement scales have diversified beyond assessing general levels to capture the 
relationships parents establish with the educational process under specific contextual conditions. 
Reflecting this perspective, Yurtbakan and Akyıldız (2020) developed a measurement tool that 
simultaneously captures parents’ perceptions of the school and their engagement forms. Furthermore, 
to address structural differences in the learning environment, Liu et al. (2010) developed a scale for K-
12 parents to assess involvement in online learning environments, while Çetinkaya (2024) introduced 
a unique scale to measure family involvement in home literacy activities. 

Alongside instruments developed for general parental involvement, several original and adapted scales 
are structured specifically within the context of mathematics education. For instance, Özcan (2016) 
developed a questionnaire to assess elementary school parents' beliefs and awareness of the 
mathematics course and their child’s school process; however, this study was limited to descriptive 
statistics and lacked reported validity or reliability analyses. In another study, Özcan et al. (2018) 
developed the 16-item "Family Support in Mathematics Homework Process Scale" (FSMS) for students, 
focusing on the mathematics homework process across three dimensions: "guidance," "support," and 
"facilitation". Johnson (2014), as part of the MINDSET STEM program supported by the US National 
Science Foundation, applied the short form of the parental involvement scale developed by Epstein et 
al. (2018) at the high school level. This study collected multidimensional data from parents, teachers, 
and students. The scale consists of five components: parental involvement, math attitude, parent-
teacher relationship, parent-student relationship, and parent partnership. Subsequently, Masal et al. 
(2019) adapted the short form of the scale to the middle school level, translated it into Turkish, and 
provided validity and reliability analyses across student, teacher, and parent samples. 

While these contributions highlight the need for measurement tools that assess parental involvement 
in mathematics, evaluating the unique academic interactions that occur exclusively at home remains 
challenging because most existing scales conflate home-based involvement with school-based 
components. By centering exclusively on home-based academic interactions, deliberately excluding 
school-based aspects, and assessing involvement through the child-parent relationship, the current 
study makes a distinct and valuable contribution to the literature. 

1.2. The current study  

According to Boonk et al. (2018), parental involvement comprises two primary dimensions: home-
based involvement, involving parental support for learning at home, and school-based involvement, 
encompassing active participation in school-related events and decision-making processes.  
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They emphasize that home-based involvement demonstrates a stronger correlation with academic 
achievement. Consequently, our scale was developed to focus on four main categories derived from the 
framework of home-based involvement. 

The four categories defining the scope of home-based involvement are as follows: Academic Pressure 
and Control, which encompasses behaviors such as directing, rule-setting, and exerting pressure aligned 
with achievement expectations to enhance academic performance; Home-based Engagement in 
Learning Activities, which refers to parents’ involvement in educational tasks with their children, 
including providing learning materials and fostering a supportive environment; Assistance with 
Homework, which details the ways parents engage in their children’s homework process, including the 
guidance provided and the extent to which independent work is promoted; and finally, Parental 
Support/Encouragement in Learning, which includes elements such as how parents motivate and 
reassure their children as part of the academic process, thereby supporting their positive attitude 
toward learning. 

In the scale design, we intentionally excluded elements such as parental expectations and parent-
teacher communication because these bear the imprint of school-based involvement and could 
consequently obscure the measurement of the child-parent academic relationship at home. In the 
literature, these elements are often intertwined with school interactions, potentially encompassing 
relationships with school administration and teachers rather than solely the academic process at home. 
Similarly, other potential categories were excluded if they did not directly address the link between the 
child, parent, and the academic process exclusively in the home environment. 

The core purpose of this study is to measure only academic interactions stemming from direct child-
parent relationships within the home setting. Therefore, we strictly delimited the scale’s scope by 
focusing exclusively on indicators isolated from school-based factors, such as homework assistance, 
involvement in home learning activities, and emotional support. This deliberate, focused approach 
enhances the measure’s validity and yields a clear, unique profile of home-based parental involvement, 
facilitating the development of targeted parental interventions. Accordingly, the main aim of the current 
study was to develop a parental involvement scale focused specifically on academic interactions in the 
home environment. 

Although the initial item pool was developed based on these four theoretical categories derived from 
Boonk et al. (2018), subsequent Exploratory Factor Analysis indicated that some conceptual overlap 
and structural requirements resulted in a refined three-factor solution: Directive Involvement, 
Interactive Involvement, and Situational Involvement, which are further detailed in the Results section. 

2. Method 

2.1. Research design 

The current study employed a rigorous Construct Validation research design, focusing on the systematic 
development and psychometric validation of a new measurement tool specifically targeting parental 
involvement in mathematics. This approach inherently involved multiple, sequential methodological 
phases typical of scale development studies:  

Item generation and refinement, expert content validity review (Lawshe method), Exploratory Factor 
Analysis (EFA), and Confirmatory Factor Analysis (CFA). This design ensures that the developed 
instrument is theoretically sound and empirically validated. 

The theoretical framework underpinning this design is rooted in the aim to measure home-based 
involvement, which, according to Boonk et al. (2018), exhibits a stronger relationship with academic 
achievement than school-based involvement.  
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The design was intentionally focused on indicators isolated from school-based factors, such as parent-
teacher communication or participation in school events. This strategic exclusion was necessary to 
enhance the validity of measuring academic interactions exclusively in the home environment. 

The methodological process began with the generation of 49 items across four initial theoretical 
categories (academic pressure/control, engagement in learning activities at home, assistance/help with 
homework, and emotional support/encouragement in learning). Following the content validity 
assessment using the Lawshe method, the item pool was reduced to 30. An Exploratory Factor Analysis 
(EFA) was subsequently conducted, resulting in the retention of 16 items based on structural integrity 
and statistical adequacy. This final set of items was categorized under three distinct factors: Directive 
Involvement, Interactive Involvement, and Situational Involvement. The item reduction process across 
these stages is summarized in Table 1. 

Table 1 

Item Reduction Process Based on Content Validity and Exploratory Factor Analysis 

Parental involvement dimensions Starting After Lawshe EFA 
Academic pressure/control 12 6 3 
Engagement in learning activities at home 11 8 5 
Assistance/help with homework 14 7 4 
Parental support/encouragement in learning 12 9 4 
Total 49 30 16 

In terms of methodological adequacy and statistical power, scale development literature offers various 
opinions regarding the number of participants required. Recommended minimums include reaching at 
least 4 (Nunnally, 1978) or 5 (MacCallum et al., 2001) times the number of scale statements, or up to 10 
times the number of scale statements (Bryman & Cramer, 2012; Hair et al., 2014). Furthermore, some 
views suggest a minimum of 140 people should be included in such studies (Karagöz, 2021). The sample 
size used in both the EFA (N=171) and the CFA (N=241) stages were considered adequate for the 
structural equation modeling analyses employed in this validation study. 

2.2. Working group 

The study employed a convenience sampling method, primarily because of the difficulty in accessing 
parents willing to complete detailed academic scales and the need to obtain sufficient data points for 
structural equation modeling (EFA and CFA). The selection focused on parents whose children were 
attending public schools in the Marmara Region of Türkiye and had at least one child enrolled at the 
primary or secondary school level. This specific setting was chosen to ensure feasibility and maximize 
response rate from a population with diverse socio-economic and educational backgrounds, which is 
essential for generalizability in a scale validation study. 

The scale development utilized two independent samples for the successive stages of validation: 

Sample 1 (Exploratory Factor Analysis - EFA) 

The initial scale validation was conducted with 171 parents. Participants included 80.7% females and 
19.3% males. The age distribution showed that 63.2% were between 30 and 41, 26.9% were between 
42 and 53, 7% were 29 or younger, and 2.9% were between 54 and 65. Regarding educational 
background, the sample demonstrated diversity, with the highest proportion being high school 
graduates (32.2%), followed by bachelor's degree holders (25.7%), associate degree holders (14.6%), 
primary school graduates (11.1%), middle school graduates (8.8%), and those with postgraduate 
degrees (6.4%). Additionally, 1.2% reported their education level as "other". Among participants, 54.4% 
had children attending middle school, while 45.6% had children in primary school. 
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Sample 2 (Confirmatory Factor Analysis - CFA) 

The hypothesized three-factor model was tested using Confirmatory Factor Analysis (CFA) on an 
independent sample consisting of 241 parents. A total of 85.1% of participants were female, while 14.9% 
were male respondents. 

The age grouping was revised for the CFA stage to achieve a more balanced distribution: 16.2% of 
participants were aged 34 or below, 60.6% were aged 35-44, and 23.2% were aged 45 or above. 

The educational background of the CFA sample remained varied: 29.9% were high school graduates, 
27.8% held a bachelor's degree, 11.6% had an associate degree, 11.2% were middle school graduates, 
9.1% had completed primary school, 7.5% held a master's degree, and 2.9% had a doctorate. Regarding 
their children's education level, 68% had children in middle school, while 32% had children in primary 
school. 

2.3. Data collection tools 

The study employed two instruments: a Demographic Information Form and an established Family 
Involvement Scale, which were used to assess criterion-related validity. 

2.3.1. Demographic information form  

This form was used to systematically collect essential demographic data from participants. It included 
specific questions regarding the parents' age, gender, educational attainment, and their child's grade 
level. 

2.3.2. Parental involvement in Mathematics Scale (PIMS) Response format  

The newly developed scale uses a 5-point Likert scale to capture the continuum of parental involvement: 
1 = Strongly disagree, 2 = Disagree, 3 = Neither agree nor disagree, 4 = Agree, and 5 = Strongly agree. 
High PIMS scores consistently indicate a high level of parental involvement in their child's mathematics 
learning. The principles emphasized in the literature for item writing—such as ensuring statements are 
simple, precise, and clear, and that each item contains a single idea—were strictly followed during item 
generation. 

2.3.3. Family Involvement Scale (FIS)  

To examine criterion-related validity, the Family Involvement Scale (FIS), developed by Walker et al. 
(2005) and adapted into Turkish by Işık and Şahin (2021), was employed. This scale also uses a five-
point Likert-type response format (1 = Strongly disagree to 5 = Strongly agree). 

The original FIS consisted of eight dimensions and 60 items. However, due to expert opinions and the 
need for cultural adaptation to the Turkish context, it was reduced to five dimensions and 25 items. In 
the Turkish adaptation used for the criterion validity analysis, a factor loading of at least .40 was 
required for an item to be retained in a factor, with a minimum difference of .10 between an item's 
loading in its factor and its loading in other factors. The cumulative variance explained by the adapted 
scale was 60.7%. 

2.4. Data analysis 

The data analysis process adhered to the established sequential steps for construct validation and scale 
development. Data were collected via convenience sampling, with both online and in-person 
administration. 

2.4.1. Analytical procedure  

The initial phase focused on item refinement and content validity. Following the generation of 49 items, 
the principles of clear, precise, and simple statement writing (DeVellis & Thorpe, 2021) were 
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considered. Seven experts (six in mathematics education) reviewed the items using the Lawshe method, 
resulting in an initial reduction of the item pool to 30. Three specific items (Items 2, 9, and 13) were 
reverse-coded to account for the fact that high scores on these items reflect attitudes inconsistent with 
the scale's targeted construct of continuous, process-oriented parental involvement (e.g., reactive 
interest limited to exam periods). 

2.4.2. Exploratory and confirmatory factor analysis  

As suggested in the literature for multidimensional scales (Şencan, 2005), factor analysis preceded the 
reliability assessment. Exploratory Factor Analysis (EFA) was performed first to identify the underlying 
factor structure. Data adequacy was confirmed using Bartlett's Test of Sphericity (p≤.05) and the Kaiser-
Meyer-Olkin (KMO) test (values ≥.85 are considered ideal). The factorization technique used was 
Principal Component Analysis (PCA), chosen for its utility in exploring data structure and for its 
emphasis on explained variance. Principal Component Analysis (PCA) was used as a reliable initial 
exploratory approach to identify the scale's basic component structure, even though it is formally 
classified as a data reduction technique. Hair et al. (2019) and Tabachnick and Fidell (2013), who 
contend that PCA frequently produces empirically comparable results to popular factor analysis 
techniques (such PAF or ML) when the number of items is manageable and factor loadings are 
reasonably high, endorse this choice. Furthermore, the practical distinctions between PCA and EFA are 
often insignificant in the early stages of scale development, especially when the objective is to identify 
fundamental dimensions, as noted by Field (2018) and Howard (2016). Confirmatory Factor Analysis 
(CFA) was conducted on an independent sample to further validate the dimensionality, fully address 
latent-structure concerns, and provide a more rigorous evaluation of the model. This two-step process 
guarantees that the structure found is a theoretically sound latent construct rather than just the 
outcome of data reduction (Kline, 2023). Item retention adhered to strict criteria, including a minimum 
factor loading value of .32, a theoretical requirement of at least three items per factor (Çokluk et al., 
2012), and common variance coefficients of .20 or greater (Şencan, 2005). This EFA yielded a final 16-
item scale, grouped into three factors: Directive Involvement, Interactive Involvement, and Situational 
Involvement. 

Subsequently, the hypothesized three-factor structure was tested using Confirmatory Factor Analysis 
(CFA) on an independent sample. Model fit was evaluated using standard indices: Comparative Fit Index 
(CFI) (≥.90), Non-Normed Fit Index (NNFI) (≥.90), and Root Means Square Error of Approximation 
(RMSEA) (≤.08) (Byrne, 2010). Construct validity was further assessed through metrics such as Average 
Variance Extracted (AVE) and Composite Reliability (CR). 

2.4.3. Validity and reliability 

Criterion-related validity was established by calculating Pearson correlation coefficients between the 
newly developed scale scores and an established criterion measurement tool. For the final scale, 
reliability was assessed through the calculation of Cronbach's alpha coefficient (internal consistency), 
along with test-retest reliability coefficient and corrected item-total correlation coefficients. 

3. Results 

In developing a multidimensional scale, factor analysis should be performed before the reliability 
analysis in light of the information in the literature (Şencan, 2005). Factor analysis has two types: 
exploratory and confirmatory. It is used to obtain clues about the relationship structure between many 
variables that are thought to be related (DeVellis, 2016). To determine the sub-dimensions, an 
exploratory factor analysis was first carried out in this study, employing the Principal Component 
Analysis technique (Çokluk et al., 2012). 
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3.1. Exploratory factor analysis 

In the study, the results of the Principal Component Analysis (PCA) applied to examine the factor 
structure of the 16-item scale and the eigenvalues are presented in Table 2. 

Table 2  

Eigenvalues 

Factor Eigenvalues Variance % Total Variance % 
1 5.23 32.74 32.74 
2 1.96 12.26 45.00 
3 1.37 8.58 53.59 

As shown in Table 2, the Kaiser-Meyer-Olkin (KMO) Sample Adequacy Test (KMO = .864) indicated that 
the sample was sufficiently large for factor analysis. The Bartlett’s Test of Sphericity result (χ²(120) = 
984.003, p < .001) indicated that item correlations were adequate for PCA. According to Kaiser’s (1974) 
eigenvalue-greater-than-one rule, the 16 items of PIMS loaded onto three factors with eigenvalues 
above 1 (eigenvalue = 8.56; see Table 2). Examination of the scree plot revealed two marked drops 
followed by a plateau, suggesting that components beyond the cut-off contributed minimally and 
uniformly to the explained variance. Accordingly, a three-factor solution was identified as the most 
theoretically and statistically appropriate structure for the instrument (see Figure 1). In line with 
internationally accepted definitions, Exploratory Factor Analysis (EFA) was used to identify the latent 
structure of the scale without imposing a predefined model (Fabrigar & Wegener, 2012; Goretzko et al., 
2021), whereas Confirmatory Factor Analysis (CFA) was subsequently employed to test the adequacy 
of the hypothesized factor structure against the observed data (Besnoy et al., 2016; Brown, 2015). These 
primary sources guided the interpretation of the factor-analytic procedures and the evaluation of model 
fit during the validation process. 

Figure 1 

Scree Plot 

 

The factors obtained as a result of the analysis, item numbers, and factor loadings are presented in 
Table 3. 

As shown in Table 3, the scale items' factor loadings ranged from .52 to .85, and the common variance 
coefficients ranged from .32 to .80. 
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Table 3  

Scale Factors, Item Numbers, and Factor Loadings 

First factor  Second factor  Third factor 
Items Factor Loadings  Items Factor Loadings  Items Factor Loadings 

10 .791  1 .857  9 .669 
16 .738  3 .796  2 .633 
7 .725  5 .784  13 .525 

14 .676  8 .678    
4 .669  15 .645    

11 .627  6 .635    
12 .605       

3.2. Confirmatory factor analysis 

The Confirmatory Factor Analysis (CFA) was conducted using an independent sample of 241 parents 
whose children are enrolled in primary or middle schools located in the Marmara Region of Türkiye. Of 
this group, 85.1% were female, and 14.9% were male. The age grouping was revised for the CFA stage 
due to a concentration in a specific age range observed during the Exploratory Factor Analysis (EFA). 
This adjustment was made to achieve a more balanced distribution across age groups and to enhance 
the statistical significance of the analyses. Accordingly, 16.2% of the participants were aged 34 or 
younger, 60.6% were aged 35-44, and 23.2% were aged 45 or older. In terms of educational background, 
29.9% of the participants were high school graduates, 27.8% held a bachelor's degree, 11.6% had an 
associate degree, 11.2% were middle school graduates, 9.1% had completed primary school, 7.5% held 
a master's degree, and 2.9% had a doctorate. Regarding their children's education level, 68% had 
children in middle school, while 32% had children in primary school. This demographic distribution 
indicates that the scale was tested with parents of diverse ages and educational backgrounds, reflecting 
a broad and varied participant profile. 

Confirmatory Factor Analysis (CFA) was conducted to evaluate the scale's construct validity. Model fit 
was assessed using multiple indices recommended in the international literature, including Chi-square, 
the Comparative Fit Index (CFI), Goodness of Fit Index (GFI), Incremental Fit Index (IFI), the 
Standardized Root Mean Square Residual (SRMR), and the Root Mean Square Error of Approximation 
(RMSEA). In accordance with established thresholds (Brown, 2015; Hair et al., 2014; Kline, 2023), values 
of CFI, GFI, and IFI ≥ .90, SRMR ≤ .08, and RMSEA ≤ .08 were considered indicative of acceptable model 
fit. CFA was performed using an independent sample of 241 participants. The fit indices obtained from 
the analysis were χ²/df (204.694/98) = 2.089, p = .001, IFI = .90, CFI = .90, GFI = .90, SRMR = .063, and 
RMSEA = .067. These results demonstrate that the three-factor model provided a satisfactory fit to the 
data, meeting internationally accepted criteria. The final validated CFA model is presented in Figure 2. 

As seen in Figure 2, the factor loadings of the items belonging to factor F1 (Directive Involvement) range 
from .47 to .76. The highest loading was observed in i11 (.76), and the lowest loading was observed in 
i10 (.47). This indicates that the relevant items adequately predict the factor. 

The factor loadings for F2 (Interactive Involvement) range from .53 (i1) to .74 (i6). All items exceed the 
.50 threshold and demonstrate strong structural validity. In particular, i6 (.74), i8 (.71), and i5 (.66) 
strongly represent the factor, with high loadings. 
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Figure 2 

Confirmatory Factor Analysis 

 

In the confirmatory factor analysis, the factor loading of i2—part of the F3 (Situational Involvement) 
factor—was found to be .26. The low factor load of this item is a statistical weakness. Although this value 
falls below the conventionally accepted threshold for factor retention, the item was preserved in the 
model due to its conceptual relevance. Specifically, the item captures a parental tendency to seek 
external social support (e.g., from family members or neighbors) when direct academic assistance 
cannot be provided. This behavior represents a distinct, context-dependent form of involvement and 
complements other items within the same factor that reflect situational responses, such as arranging 
private tutoring for the child or increasing engagement during exam periods. Together, these items form 
a theoretically coherent construct that reflects reactive and circumstantial support strategies rather 
than consistent, proactive involvement. The inclusion of item i2 thus enhances the conceptual breadth 
of the factor, capturing a unique behavioral dimension not addressed by more resource- or time-bound 
items. Consequently, the decision to retain this item was based not solely on statistical criteria, but on 
its meaningful contribution to the theoretical integrity and content validity of the factor. 

Furthermore, the structural considerations reinforce this decision: since the F3 factor comprises only 
three items, removing i2 would compromise the factor’s stability and lead to its elimination from the 
model.  

Therefore, i2 was maintained not only for its substantive contribution but also for the preservation of 
the model’s structural coherence. Future research may revisit this item using alternative samples to 
further examine its psychometric adequacy and refine its operationalization if necessary. The 
Composite Reliability (CR) and Explained Mean Variance (AVE) values calculated within the scope of 
construct validity are presented in Table 4. 

Table 4 

Construct Validity 

Factors AVE CR 

Directive Involvement  .35 .79 

Interactive Involvement .43 .82 

Situational Involvement .20 .41 

As indicated in Table 4, the Composite Reliability (CR) and Average Variance Extracted (AVE) were 
calculated for each factor. The findings show that the CR values for the Directive and Interactive factors 
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are .79 and .82, respectively, and exceed the recommended threshold of .70. This indicates that these 
factors are sufficiently internally consistent (Hair et al., 2019). 

However, the AVE values for the same factors (.35 and .43) were below the recommended threshold of 
.50. Low AVE values indicate that the common variance among the items within the relevant factors is 
limited and that convergent validity is not fully achieved. However, the literature indicates that when 
CR values are above .70, AVE values below .50 do not completely invalidate construct validity; this 
situation can be considered an acceptable limitation, especially in the early stages of scale development 
(Fornell & Larcker, 1981; Hair et al., 2019). In this context, the Directive and Interactive factors have 
been retained in the model, despite their limited convergent validity, considering their theoretical 
foundations and reliability levels. 

The findings regarding the Situational Involvement factor point to a more pronounced limitation. The 
calculated AVE (.20) and CR (.41) values for this factor are well below the recommended thresholds. 
This indicates that the factor is weak in terms of construct validity and that the items do not adequately 
reflect it. In particular, the low factor loading of item i2 in this factor is considered one of the main 
reasons for this weakness. Therefore, the Situational Involvement factor has been treated not as a well-
established dimension, but as an emerging, exploratory one that aims to capture the contextual and 
situational aspects of parental involvement. Future studies are recommended to further examine this 
factor with new items and to retest it with different samples. 

3.3. Discriminant validity 

The Fornell-Larcker criterion was used to assess the PIMS's discriminant validity. This criterion states 
that each construct's square root of the Average Variance Extracted (AVE) should be higher than its 
correlations with any other construct. The square root of the AVE for each factor (bold on the diagonal) 
is greater than the inter-construct correlations, as Table 5 illustrates. All these values are greater than 
the interfactor correlation coefficients (.50, -.36, -.26). This finding demonstrates that the PIMS 
subdimensions are statistically distinct from each other and that discriminant validity has been 
established. 

Table 5 

Discriminant Validity (Fornell-Larcker Criterion) 

Factors 1. Directive 2. Interactive 3. Situational 
1.Directive Involvement 0.59   
2.Interactive Involvement 0.50 0.65  
3.Situational Involvement -0.36 -0.26 0.45 

Note: Values in bold on the diagonal represent the square root of the Average Variance Extracted (AVE) for each 
construct. Off-diagonal values represent the correlations between the constructs. Discriminant validity is 
established when the diagonal values are greater than the off-diagonal correlation coefficients in their respective 
rows and columns. 

As shown in Table 5, all values are greater than the interfactor correlation coefficients (.50, -.36, -.26). 
This finding demonstrates that the PIMS subdimensions are statistically distinct from each other and 
that discriminant validity has been established. 

3.4. Criterion validity 

The results of the Pearson correlation analysis conducted to assess criterion validity are presented in 
Table 6. The Pearson correlation coefficient (r = .61, p < .01) for the Parental Involvement in 
Mathematics Scale indicates a moderate to strong positive association with the related construct. A 
positive and significant correlation was observed.   
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Table 6  

Correlations Between the Target Measurement Tool and the Criterion Measurement Tool (N = 241) 

Scale Number of Statements Pearson Correlation 

Parental Involvement in Mathematics Scale 16 .61** 

Family Involvement Scale 25  

As indicated in Table 6, there is a positive and significant correlation between PIMS and the criterion 
scale. 

The results of the correlation analysis are presented in Table 7. 

Table 7 

Correlation of Scale Sub-Factors with Other Scale 

As shown in Table 7, the analysis indicated that the sub-dimensions of Parental Involvement in 
Mathematics showed significant positive relationships with the sub-dimensions of Family Involvement, 
School-Based Parenting Skills, Parents' Perception of Teacher Expectations, Parent Opportunities, and 
Home-Based Parenting Skills.  

Additionally, it was found that Parental Involvement in Mathematics and Family Involvement were 
significantly negatively correlated with academic disengagement-related factors, while showing 
significant positive correlations with supportive parental beliefs and involvement-based parenting 
skills. 

The reliability analysis results are presented in Table 8. 

Table 8 

Reliability Coefficients 

Scale Number of Statements Coefficient 

Parental Involvement in Mathematics Scale 16 .70 

Family Involvement Scale 25 .92 

As seen in Table 8 the Family Involvement scale has a high-reliability coefficient (α = .92), indicating 
strong internal consistency. On the other hand, the Parental Involvement in Mathematics scale has an 
acceptable reliability coefficient (α = .70). 

The results of the item analysis are presented in Table 9. 

Scale / Sub-Factor 1 2 3 4 5 6 7 8 9 10 

Parental involvement in mathematics (1) 1 .70** .89** .01 .61** .30** .51** .32** .43** .61** 

Directive involvement (2)  1 .50** -.36** .58** .41** .50** .37** .41** .48** 

Interactive involvement (3)   1 -.26** .64** .22** .57** .27** .51** .64** 

Situational involvement (4)    1 -.38** -.15** -.41** -.17** -.37** -.27** 

Family involvement (5)     1 .49** .81** .60** .81** .89** 

Beliefs of parents (6)      1 .26** .31** .27** .33** 

School-based parenting skills (7)       1 .26** .57** .69** 

Parents' perception of teacher expectations (8)        1 .40** .38** 

Parent opportunities (9)         1 .65** 

Home-based parenting skills (10)          1 
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Table 9 

Corrected Item-Total Correlations and Cronbach’s Alpha if Item Deleted 

Item Code Corrected Item Total Correlations Cronbach's Alpha (If item is deleted) 
Item 1 .498 .760 
Item 2 .131 .799 
Item 3 .593 .752 
Item 4 .589 .752 
Item 5 .571 .753 
Item 6 .591 .750 
Item 7 .437 .770 
Item 8 .481 .762 
Item 9 .707 .734 
Item 10 .373 .772 
Item 11 .496 .760 
Item 12 .469 .766 
Item 13 .621 .775 
Item 14 .624 .773 
Item 15 .662 .764 
Item 16 .368 .773 

As indicated in Table 9, the reliability of each item on the scale was assessed using corrected item-total 
correlations and Cronbach’s alpha values calculated if the item were deleted. The results indicated that 
the majority of the items demonstrated coefficients above the acceptable threshold of .30, suggesting 
they align well with the overall construct and contribute meaningfully to the scale's internal consistency. 
Items 9, 15, and 14 demonstrated the highest item-total correlations (.707, .662, and .624, respectively). 

Item 2 presents an exceptional case, exhibiting notable statistical weaknesses. As the reviewer correctly 
noted, this item yielded a factor loading of .26, which falls below the conventional thresholds for 
practical significance (e.g., Tabachnick & Fidell, 2013).  

This statistical weakness is further confirmed by its notably low corrected item-total correlation (.131) 
and by the finding that its removal would substantially increase Cronbach’s Alpha from .70 to .799. 
Despite this clear statistical profile, a deliberate decision was made to retain the item based on its critical 
conceptual contribution.  

Item 2 captures a distinct aspect of parental involvement that is theoretically different from direct 
academic assistance yet holds crucial contextual significance. Specifically, it reflects a parent's 
mobilization of support networks (family, close contacts) when they are unable to directly support their 
child's academic efforts. 

This conceptual divergence—measuring resource mobilization rather than direct interaction—likely 
explains its weak statistical association with the other items (both factor loadings and item-total 
correlations). In conclusion, although Item 2 is statistically marginal, it was retained to prioritize content 
validity and the broader theoretical integrity of the scale. This decision accepts a statistical trade-off to 
ensure the instrument fully captures the contextual and situational dimensions of parental engagement, 
reflecting how parents maintain involvement even when not directly assisting. 

4. Discussion and Conclusion 

This study introduces the Parental Involvement in Mathematics Scale (PIMS), an instrument developed 
to fill a critical and persistent gap in the literature: the precise measurement of home-based academic 
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interactions, purposefully decoupled from school-based components. This methodological isolation 
constitutes PIMS's primary strength and differentiation. The vast majority of existing instruments treat 
parental involvement holistically or inextricably intertwine home and school dimensions (e.g., Gugiu et 
al., 2019; Walker et al., 2005; Yosef et al., 2021), including prominent Epstein-based models (Johnson, 
2014; Masal et al., 2019). Whereas these scales make it challenging to isolate the independent construct 
of home support, PIMS is more specific, enabling a focused analysis of this micro-level environment. This 
critical methodological decision is strongly justified by existing evidence demonstrating that home-
based involvement consistently reveals a stronger correlation with academic achievement than school-
based involvement (Boonk et al., 2018). This deficiency is mirrored in existing mathematics education 
tools. PIMS is quantifiably stronger than prior scales in the Turkish context that lacked rigorous validity 
and reliability analyses (Özcan, 2016). Furthermore, PIMS is qualitatively different from instruments 
like that of Özcan et al. (2018). In contrast to that scale's limitations—its restriction to the homework 
context and its reliance on child perceptions—PIMS captures the parent's perspective across a broader, 
more structured framework of home support. 

Therefore, PIMS directly addresses the need for a valid measurement tool structured for parents of 
elementary and middle school students, focused exclusively on home-based academic interactions. This 
targeted approach is theoretically crucial, rooting the scale in Vygotsky's Sociocultural Theory (1978) 
and Bronfenbrenner's Ecological Systems Approach (1977). The developed scale was structured 
according to Boonk et al.'s (2018) definition of home-based involvement, aiming to provide a 
multidimensional assessment of parental support within the home learning environment. Items initially 
generated under four theoretical categories were clustered into three distinct factors following 
exploratory factor analysis (EFA). Based on their content integrity, these three factors were named 
"Directive Involvement," "Interactive Involvement," and "Situational Involvement." 

The three aspects of parental involvement identified in this study align with different theoretical 
frameworks that promote learning mathematics. First, Directive Involvement works mainly through 
theories of self-regulation; parents assist students in internalizing academic goals and controlling their 
attention during challenging assignments by promoting persistence, setting up learning materials, and 
highlighting the practical applications of mathematics (Zimmerman, 2002).  

Second, Interactive Involvement transcends general "homework help" (Dumont et al., 2014) and aligns 
with Vygotsky's idea of scaffolding; parents serve as the "more knowledgeable other" by watching 
videos together and providing direct modeling, thereby lessening the cognitive load required for 
students to understand abstract mathematical ideas. This dimension creates a 'Zone of Proximal 
Development' where parents guide children through complex algorithmic steps (Vygotsky, 1978), 
transforming a solitary struggle into a shared learning experience.  

Finally, Situational Involvement functions as a compensatory resource management technique. This 
dimension emphasizes how parents who lack specific content knowledge indirectly support learning by 
using outside resources (like private tutoring or family members) to address short-term performance 
deficiencies like test preparation. Collectively, this multidimensional construct offers a precise 
assessment of the nuance and consistency of parental engagement beyond mere frequency. 

The Exploratory Factor Analysis (EFA) confirmed that a three-factor structure was appropriate, thereby 
supporting the scale's construct validity. Kaiser-Meyer-Olkin sampling adequacy coefficient (.864) and 
Bartlett's test of sphericity (χ²(120) = 984.003, p < .001) supported the suitability of the data for factor 
analysis. Three factors with eigenvalues greater than 1 were retained, explaining 53.59% of the total 
variance, with factor loadings for the 16 retained items ranging from .52 to .85. Directive Involvement 
includes behaviors such as guidance, encouragement, and resource support provided without direct 
involvement with the child. Interactive Involvement groups the parent's active and simultaneous 
interaction behaviors, such as studying together and providing explanations. The third factor, 
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Situational Involvement, reflects conditional participation behaviors (e.g., increased interest during 
exam periods, arranging private tutoring, or mobilizing external support). The items belonging to F3 
(Items 2, 9, and 13) were reverse-coded because their content, such as Item 13 ("I pay more 
attention..."), represents a reactionary, exam-focused interest rather than the continuous, process-
oriented support targeted by the scale. The fact that this factor comprises only three items is 
acknowledged as a limiting factor in terms of measurement power. Nevertheless, its strong theoretical 
justification and contribution to content integrity supported the retention of this factor (Worthington & 
Whittaker, 2006). 

Confirmatory Factor Analysis (CFA) was performed on an independent sample (N=241) to rigorously 
test the validity of the EFA-derived three-factor structure. The resulting goodness-of-fit indices (χ²/df = 
2.089, CFI = .90, GFI = .90, IFI = .90, SRMR = .063, RMSEA = .067) indicated that the model provided an 
acceptable fit to the data. The fact that the CFI, GFI, and IFI values met the conventional threshold of≥.90 
(Kline, 1998; Lomax, 2004) supports the construct's general validity. Furthermore, the SRMR and 
RMSEA values falling below recommended limits suggest the model’s error terms are restricted. 
However, these findings also indicate that the model does not achieve perfect fit (Kline, 2023). 

As part of the validity and reliability analyses, the internal consistency of the entire scale was assessed 
using Cronbach’s alpha, which yielded an acceptable coefficient of α=.70. This level meets the accepted 
limit value in social sciences, indicating that the overall structure provides a consistent and reliable 
measurement (George & Mallery, 2003). Criterion validity was assessed via correlation analysis with 
the Family Involvement Scale (FIS) adapted by Işık and Şahin (2021). This analysis revealed a 
significant, moderate-to-strong positive correlation between the PIMS and the FIS (r=.61, p<.01). 
Furthermore, sub-dimension-level analyses showed that the PIMS has significant relationships in the 
theoretically expected direction with constructs such as home-based skills, perceptions of teacher 
expectations, and parent opportunities. Moreover, the scale’s negative association with academic 
apathy, coupled with its positive association with supportive parental beliefs and active engagement 
behaviors, indicates that it successfully reflects both the extent and the quality of home-based 
involvement. Collectively, these findings provide robust support for PIMS's criterion-related and 
construct validity.  

The structure of PIMS provides a functional tool for both educational practitioners and researchers by 
assessing parents’ academic interaction styles specifically within the home environment. The items 
reveal behavioral patterns across distinct forms of parental involvement, such as guidance, 
collaboration, and the use of external resources, thereby offering a detailed profile of parental support. 
Consequently, the scale can be used by teachers and school guidance services as a monitoring tool to 
precisely identify areas where parental support is concentrated or limited.  

Furthermore, PIMS is a valid and reliable measurement tool for researchers exploring parental 
involvement patterns across various sociocultural contexts and identifying specific needs for early 
intervention. 

In conclusion, the Parental Involvement in Mathematics Scale (PIMS) offers a stronger, more 
differentiated instrument for assessing parental support by addressing two fundamental limitations in 
the existing literature. First, whereas many established instruments (e.g., Epstein-based models) either 
treat involvement holistically or inextricably intertwine home and school-based components, PIMS 
provides a more precise and methodologically "clean" tool by exclusively decoupling academic 
interactions within the home environment. Second, rather than limiting the construct to singular 
frequency scores or homework-specific behaviors, PIMS offers a qualitatively stronger framework by 
differentiating support into directive, interactive, and situational interventions. This resultant three-
factor structure is the scale's primary contribution, providing crucial indicators of the continuity, form, 
and consistency of parental engagement, not just its frequency. Despite the psychometric limitations 
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noted for the situational dimension, this qualitative distinction among support types is particularly 
valuable for educational policies and early intervention strategies, especially in cognitively demanding 
subjects such as mathematics, offering a level of nuance that broader scales lack. PIMS demonstrated 
robust psychometric properties, confirming that this novel, multidimensional structure is both valid and 
reliable. Its criterion validity further solidified its theoretical grounding by confirming expected 
relationships with established constructs. Overall, by providing a tool that precisely assesses how (the 
type) and when (the consistency) parents are involved, not just if, PIMS offers a significant advancement 
for academic research and the structuring of targeted, evidence-based interventions for educational 
practitioners. Therefore, further studies utilizing samples from diverse geographical regions and 
varying socio-demographic characteristics will be an essential step toward comprehensively testing the 
scale's structural integrity and expanding its utility. 

5. Limitations 

While the PIMS offers a unique means of assessing parental involvement by focusing exclusively on 
home-based academic interactions, certain limitations may affect the generalizability of the findings and 
the scope of application. Firstly, data collection utilized a convenience sampling method, reaching 
participants both online and in person. Although this process provided representational diversity, the 
inability to fully control the regional distribution of participants poses a limitation regarding spatial 
homogeneity. Secondly, the sample group was predominantly female (80.7% in EFA, 85.1% in CFA), 
which limits the reflection of potential gender-based differences in attitudes toward parental 
involvement. Thirdly, only home-based academic interactions were included in the scope of the study; 
indirect influences, such as parent-teacher communication or school practices, were deliberately 
excluded, thus restricting a holistic view of the parent-school ecosystem. 

Fourthly, the construct validity is partially constrained because the Situational Involvement factor (F3) 
is represented by a restricted number of three items. This measurement limitation is exacerbated by 
Item 2, which exhibited a relatively low factor loading in the CFA (.26) and a low corrected item-total 
correlation (.131). Although removing Item 2 would statistically improve the Cronbach’s Alpha value 
substantially (from α=.70 to α=.799), the item was retained.  

The retention decision prioritizes the item's conceptual relevance—capturing the unique context-
dependent behavior of mobilizing external social support—and its critical role in maintaining the 
structural coherence of the three-item F3 factor, thereby safeguarding the scale’s theoretical integrity. 
To overcome this limitation in future studies, it is necessary to develop new and additional items (i.e., 
expanding the item pool) to more robustly and comprehensively measure the theoretical construct 
encompassed by the third factor. 

Fifthly, the criterion-related validity of the PIMS was assessed using a single instrument (Family 
Involvement Scale). While statistically significant, relying on a single criterion limits the breadth of the 
validation scope. Future studies should employ multiple criterion measures, including student 
achievement scores (e.g., GPA or standardized math test results), to provide more comprehensive 
validity evidence. 

Finally, as the data relies entirely on parental self-reports, the findings are subject to perception-based 
biases (e.g., social desirability bias). Parents may have overestimated their involvement levels. Future 
research could mitigate this by incorporating multi-source data, such as teacher evaluations or student 
reports, to cross-validate parental claims (Podsakoff et al., 2003; Saris & Gallhofer, 2014). 
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