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Abstract

Preschool education is important for developing children’s social and cognitive skills, with
early mathematical ability being a strong predictor of future success. This study evaluated the
psychometric properties of the Preschool Home Mathematics Questionnaire (PHMQ) using
Rasch Model Analysis. A total of 95 parents and guardians of preschool-aged children
participated in the study. A total of 37 Likert-scale items were analysed. The results showed
excellent person reliability (0.93) and item reliability (0.96), indicating strong consistency and
well-targeted item difficulty. Of the 37 items, 32 were valid according to the Rasch fit criteria,
while five items (Q13, Q15, Q22, Q24, and Q26) showed misfit based on the Outfit mean square
(MNSQ), Z-standard (ZSTD), and PTMEA-CORR. The Likert scale functioned well with
ordered thresholds and smooth transitions between categories. The unidimensionality test
confirmed that the PHMQ measures a single construct, with 44.1% of the variance explained
and only 12.8% unexplained in the first contrast. While the PHMQ shows good validity and
reliability, this study focused only on basic Rasch validation. Future research should explore
differential item functioning (DIF), item bias, and long-term stability to further improve this
instrument and support its use in different settings.
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Introduction

Preschool education is a critical stage that benefits children’s socio-emotional and intellectual
growth (Hahn & Barnett, 2023; Phillips, 2017; Prusinski et al., 2023). Children who attend
preschool will reduce their behavioural problems (Yoshikawa et al., 2016) and produce
substantial benefits for cognition, including executive function and academic achievement in
mathematics (Camilli et al.,, 2010; Noa & Pennucci, 2014). Additionally, the quality of
preschool education matters. Melhuish (2011) found that children who attended high-quality
preschools significantly outperformed those who had not attended preschool on literacy and
numeracy tests at age 11. Thus, this educational stage is crucial for developing children’s
mathematical skills.

Children learn mathematics long before they start school (Reid, 2016), and early
mathematics is set as the foundational concept they should obtain during the developmental
process. Early mathematics is a key predictor of children's future achievement (Pan et al., 2023;
Seitz & Weinert, 2022; Starkey et al., 2004; Zhang & Konstantopoulos, 2025) and plays a
central role in daily life, such as shopping, cooking, and adjusting time (Butterworth, 2005; Van
Rooijen et al., 2011). Indeed, children are exposed to mathematics in daily activities, even
though they are unaware of it (Kvesic et al., 2020; Papic & Papic, 2025). Regarding cognitive
skills, early mathematics affects children's written computation, sequences, math language, and
comparisons in mathematics (Gashaj et al., 2023; Toll & Van Luit, 2014). In addition, early
mathematics skills can be used to identify and monitor the development of preschool children
with learning difficulties (Evans et al., 2015; Lopez-Pedersen et al., 2023). Children with this
ability are more likely to succeed than those without it (Duncan et al., 2007; Watts et al., 2014).
Therefore, this skill is one of the important abilities that children must acquire during their
developmental milestones.

Children’s mathematical ability depends on their surroundings (Vygotsky, 1978), and
their initial exposure to mathematics is in their home environments. The home mathematics
environment has become influential in fostering children's mathematics skills at home
(Bonifacci et al., 2021; Lefevre et al., 2009), and parents play a crucial role in enriching this
environment (DeFlorio & Beliakoff, 2015; Purnomo et al., 2022; Wolf & McCoy, 2019). In
addition, parents can use multiple approaches to develop their children's mathematics skills at
home, such as reading storybooks (Petronzi et al., 2023; Saracho & Spodek, 2010; Vandermaas-
Peeler et al., 2009), playing board games (Vandermaas-Peeler et al., 2012), puzzles (Kurniati
etal., 2022), and block games (Gilligan-Lee et al., 2023; Nadlifah & Latif, 2024). Other factors
that can influence how parents provide home numeracy include parental beliefs and
expectations (Pesu et al., 2016), socio-economic status (SES) (Girard et al., 2021; Lu et al.,
2025), and the use of technology at home (Mantilla & Edwards, 2019; Yuniria et al., 2025).
However, there is limited evidence of how research and development enhance early numeracy
skills (Nugraha & Muntazhimah, 2024; Seitz & Weinert, 2022). Furthermore, the quantity and
quality of the home mathematics environment (HME) should be appropriately measured using
significant and relevant measurement tools.
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Multiple tools have been used in past research to measure home mathematics
environments, such as phone interviews (Blevins-Knabe & Musun-Miller, 1996), parent
questionnaires and child tests (Lefevre et al., 2009), and longitudinal studies to examine
children’s abilities in numeracy (Niklas & Schneider, 2014). Furthermore, Cahoon et al. (2021)
developed a rigorous questionnaire by considering child characteristics, psychometric
properties, and characteristics of content and activities. However, this and many similar studies
have not captured middle-and low SES sufficiently, and a specific context may be considered
in future research, since most of the HME questionnaires have been developed and used in
developed countries such as Canada, America, and the UK (Cahoon et al., 2021). Therefore,
examining the PHMQ questionnaire in a developing country such as Indonesia will enrich the
findings, as the country has a variety of SES models and a multicultural community.

Rasch model analysis is necessary to examine the PHMQ in different contexts. These
properties are realised when the fundamental assumption of one-dimensionality is satisfied, that
is, when the data align with the model's requirements (Tabatabaee-Yazdi et al., 2018). The
Rasch model is also useful for estimating individuals' abilities based on their responses to test
items (McCamey, 2014) and enhances the precision and quality of tests and surveys while also
enabling the development of multiple versions of measurement instruments (Al Ali & Shehab,
2020). This model is a robust method for assessing the validity and reliability of an instrument's
constructs (Mofreh et al., 2014). However, no PHMQ analysis using the Rasch model has yet
been conducted. Therefore, this study aimed to apply the Rasch Model to analyse the reliability
and validity of the PHMQ. By doing so, we sought to provide a deeper understanding of how
well the questionnaire captures the multidimensional nature of the home mathematics
environment and to identify areas for improvement with the following questions:

1. How reliable are the PHMQ items and respondents in measuring the home mathematics
environment using the Rasch model?
How do the items fit the Rasch model in terms of reliability and difficulty levels?

3. How well do the Likert scale categories function in distinguishing the levels of home
mathematics engagement among respondents?

4. To what extent does the PHMQ demonstrate unidimensionality in measuring the HME
construct?

Methods

This quantitative study used a psychometric approach to analyse the PHMQ administered to the
parents and guardians of preschool children. The method employed is the Rasch Model,
supported by the Winstep 5.10.0 version software, a measurement model within the Item
Response Theory (IRT). This method provides an in-depth understanding of item
characteristics, including validity, reliability, and potential item bias (Mallinckrodt et al., 2016).
Additionally, this model aids in analysing item difficulty, person ability, item and person
reliability, fit statistics, and unidimensionality of the scale. This approach was chosen because
the main objective of the study was to measure the instrument's consistency and accuracy in
evaluating the home learning environment for mathematics.
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Participants

This study involved participants consisting of 95 parents or guardians of preschool-aged
children, specifically those aged 3—5 years (see Table 1). Parents were considered respondents
capable of providing information about their children's mathematics activities at home.
Participants were selected using a voluntary sampling technique to choose parents or guardians
willing to participate in the research process and who were actively involved in their children's
home-based mathematics learning activities.

Table 1. Participant in the study

Respondent Frequency Percent (%)
Mother 73 76.8
Father 19 20
Relationship Grandparents 1 1.1
Aunt 1 1.1
Relatives 1 1.1
Junior High School 1 1.1
Senior High School 14 14.7
Educational Diploma 2 2.2
Qualification Bachelor 65 68.4
Master 11 11.6
Doctor 2 2.1
Male 44 46.3

Child’s Gender Female 51 53.7

The participants in this study were 95 parents or guardians of preschool children.
Demographic data of the participants were collected through an additional questionnaire that
included information on marital status, ethnic background, educational qualifications,
employment status of the parents or guardians, and the child's gender. This demographic
diversity was considered necessary because previous research has shown that factors such as
the educational level of parents or caregivers can influence how they teach mathematical
concepts to children (Missall et al., 2015; Purpura & Lonigan, 2015), and such an intervention
could be measured by Rasch model analysis (Ling et al., 2018). Therefore, by including
participants from diverse demographic backgrounds, this study aims to gain a broader and more
holistic understanding of home-based mathematics activities.

Instrument

The instrument used in this research was the Preschool Home Mathematics Questionnaire
developed by Cahoon et al. (2021). From all the open and closed statements in the
questionnaire, only the items that utilised a Likert scale were selected, resulting in 37 items.
Criterion validity was evaluated using contrasting cases identified by calculating the total scores
across the five subscales with all positive statements for each participant. These scores, ranging
from 1 to 5, were based on a 5-point Likert scale. Participants with a score of 1 indicated that
the activity did not occur, two reflected that the activity occurred a few times a month, three
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indicated about once a week, four meant a few times a week, and five represented that the
activity occurred almost daily.

Data analysis

This study used the Rasch Model approach to evaluate the validity and reliability of the Pre-
School Home Mathematics Questionnaire (PHMQ). The Rasch Model provides information
about the validity of both items and persons. The Rasch Model was used for evaluation and can
also be utilised to determine the validity and reliability of a mathematics questionnaire using
the Winsteps 5.10.0 version software. Validity and reliability were determined based on the

following indicators:

Table 2. Reliability in Rasch analysis (Sumintono & Widhiarso, 2014)

Statistics Fit Index Description
<0.5 Poor
0.5-0.6 Weak
Cronbach's Alpha (o) (KR-20) 0.6 -0.7 Fair
0.7-0.8 Good
>0.8 Excellent
<0.67 Poor
0.67—-0.80 Weak
Item and Person Reliability 0.81-0.90 Fair
0.91-0.94 Good
>0.94 Excellent

In several references, the criteria used for item fit analysis state that an item is deemed fit
if it meets the specified criteria. Boone et al. (2014) suggest the following criteria for examining
item fit or misfit:

Table 3. Index for item and person fits

Statistics Fit Index
Outfit Mean Square Values (MNSQ) 0.5 <x<15
Outfit Z — Standardized Value (ZSTD) —20 <x< +2.0

Point Measure Correlation (PTMEA —CORR) 04 <x< 085

These indicators offer complementary insights: Outfit MNSQ identifies unusual response
patterns, ZSTD provides a standardised measure of fit, and PTMEA CORR reflects how well
an item aligns with a respondent’s overall ability. When an item or person failed two or more
of these criteria, it was considered a misfit and examined for possible revision or exclusion.
This strategy supports a more balanced evaluation, avoiding overly rigid judgments based on
single statistics.
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Results

Person and 1item reliability

Based on the results of Rasch analysis using Winsteps 5.10.0 version, person reliability was
found to be 0.93, and item reliability was 0.96 (see Table 4). According to the instrument quality
guidelines (Fisher, 2007), a person's reliability of 0.93 (Very Good: 91 — 94) indicates excellent
consistency in measuring respondents' abilities. Meanwhile, an item reliability of 0.96
(Excellent: > 0.96) suggests that the item difficulty level is very well-constructed to cover the
range of respondents' abilities.

Table 4. Person and item reliability

Categories N Mean SD Reliability Decision
Person 95 115.6 27.1 0.93 Very Good
Item 37 296.8 52.7 0.96 Excellent

Item analysis

Table 5 shows the distribution of test items considered misfit or fit in the Rasch model. As seen
in Table 5, for the first criterion, based on the Outfit Mean Square (MNSQ) index, all items fell
within the acceptable range of 0.5 to 1.5, indicating an overall good fit in terms of internal
consistency among the items. However, when evaluated against the second criterion, which
refers to the Outfit Z — Standardised Value (ZSTD) index, several items exceeded the threshold
of -2.0 to 2.0. Specifically, items Q26 (2.82), Q22 (2.01), Q24 (-2.09), Q15 (-2.12), and Q13 (-
2.96). This indicates that these items may have attracted unexpected or inconsistent responses,
particularly from respondents at the extreme ends of the ability continuum. Such high outfit
values suggest that the items might contain ambiguous wording, lack relevance, or fail to
engage the respondents effectively.

For the third criterion, based on the Point Measure Correlation (PT Measure CORR)
index, which assesses the degree to which each item correlates with the underlying construct
being measured, only item Q26 fails to meet the standard, indicating that it does not
discriminate well between higher- and lower-ability respondents and may not be aligned with
the intended construct.

Table 5. Item fit statistics

Item Outfit MNSQ Outfit ZSTD PT-Measure Corr Decision
Q1 1.22 1.09 0.43 Fit
Q2 0.78 -1.05 0.50 Fit
Q3 1.29 1.66 0.47 Fit
Q4 0.99 -0.01 0.54 Fit
Q5 1.19 1.04 0.51 Fit
Q6 1.08 0.58 0.53 Fit
Q7 0.91 -0.62 0.53 Fit
Q8 1.15 1.02 0.50 Fit
Q9 0.83 -1.26 0.62 Fit

Q10 0.88 -0.86 0.63 Fit

Q11 0.74 -1.99 0.62 Fit

Q12 0.99 -0.03 0.55 Fit
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Item Outfit MNSQ Outfit ZSTD PT-Measure Corr Decision
Q13 0.63 -2.96 0.65 Misfit
Q14 0.93 -0.46 0.64 Fit
Q15 0.70 -2.12 0.65 Misfit
Qle6 0.92 -0.52 0.58 Fit
Q17 0.91 -0.58 0.61 Fit
Q18 0.97 -0.19 0.63 Fit
Q19 0.90 -0.71 0.58 Fit
Q20 0.87 -0.82 0.62 Fit
Q21 1.08 0.55 0.51 Fit
Q22 1.31 2.01 0.48 Misfit
Q23 1.29 1.43 0.54 Fit
Q24 0.73 -2.09 0.67 Misfit
Q25 1.29 1.34 0.41 Fit
Q26 1.48 2.82 0.36 Misfit
Q27 0.87 -0.81 0.68 Fit
Q28 1.13 0.91 0.59 Fit
Q29 0.96 -0.24 0.60 Fit
Q30 1.14 0.99 0.51 Fit
Q31 0.99 0.02 0.59 Fit
Q32 0.78 -1.50 0.62 Fit
Q33 0.91 -0.63 0.62 Fit
Q34 1.33 1.80 0.43 Fit
Q35 0.80 -1.38 0.64 Fit
Q36 1.12 0.83 0.50 Fit
Q37 1.08 0.51 0.54 Fit

Given these issues, several steps are recommended to improve the overall quality of this
instrument. First, the misfit items should be reviewed and revised to improve clarity and ensure
alignment with the home numeracy construct. This can include rewording items to eliminate
ambiguity and ensure age-appropriateness for the target respondents (Suryani, 2018). Expert
validation is also advisable to check the content and relevance of each item. Following revision,
these items should undergo pilot testing with a smaller group to re-evaluate their fit statistics
(Piussi et al., 2025). If the items continue to exhibit poor fit or low correlation with the construct,
it may be necessary to remove them from the final questionnaire (Fischer et al., 2021;
Johansson, 2025) to preserve the validity and reliability of the instrument.

To visualise how the item fits the expected model, the solid red "model" line is generated
by the relevant Rasch model. The empirical blue line is formed by connecting the average
ratings within each segment of the variable, represented by the "x" markers. These "x" points
indicate the mean values of both the item measures (on the x-axis) and the observed ratings (on
the y-axis) for all data within each interval, while the data outside the range represent data that
are beyond the scope or do not conform to the Rasch Model. The figure illustrates that, in
general, most of the data follow the Rasch Model, while others fall outside the range or do not
conform to the model. This indicates that the item fits the model.
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Figure 1. Expected score ICC graph

The Wright Map illustrates the distribution of respondents' ability levels to the item
difficulty levels. In the analyzed data, 95 respondents and 37 items were measured on the Rasch
scale. The map shows that Q25 (“Maths related websites (e.g. coolmaths.com)”) and Q23
(“Asking shape related questions (e.g. “how many sides does a circle have?”’) have the highest
difficulty levels (above +3 logits), while Q1 (“In the past month, how often did you and your
child engage in reading?”) and Q2 (“Counting”) have the lowest difficulty levels (below -2
logits). This variation in difficulty levels indicates a broad measurement range, which is
essential for the instrument's validity.
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Figure 2. Wright Map output
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Item function of Likert scale

The Likert Scale items function shows how the scale is used by respondents, for example, the
probability of choosing a particular category (Nemoto & Beglar, 2014; Yamashita, 2022). To
determine whether the functions of Likert scale options are effective or not, one can refer to
Table 6.

Table 6. Category function

Scale Observe Count (in percent) Measure
1 18 -2.06
2 21 -0.77
3 11 -0.07
4 31 0.70
5 19 2.31

Respondents selected scale categories 1, 2, 3, 4, and 5, with at least 11% of respondents
choosing scale 3 (about once a week). Furthermore, the size of the categories measure
consistently increases from the lowest to the highest. Thus, it can be concluded that the
functions of the Likert scale items work effectively.

Figure 3 illustrates the Andrich Rating Scale Model, which is used to examine whether
each response option in a scale functions effectively in measuring the concept or trait intended
to be assessed (Van Zile-Tamsen, 2017). This model provides information on whether each
response option contributes meaningfully to the measurement. In other words, it helps ensure
that the scale used is truly valid and reliable.

CATEGORY PROBABILITIES: MODES - Andrich thresholds at intersections
P B R e e it it +-
R 1.8 + 55555555555555+
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B |11 555 |
A | 111 55 |
B 8 + 1 55 +
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o] | 1 44444 % |
F 4+ 1 4 5 44 +
| 222=2 4 5 4 |
R | 22 12= 5 44 |
E | 22 14 2 5 4 |
S 2+ 22 41 25 44 +
P | 22 433=3== 444 |
o] 1222 3=3 G®] ==3 444 |
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Figure 3. Scale category visualization

The visualization output also represents the probability of responses for each Likert scale
category based on the difference between respondent ability (Person Measure) and item
difficulty (Item Measure) (Massof, 2004). The curve shows the probability of an individual
choosing a specific category at various levels of ability. The highest probability for each
category is indicated by the curve at the top within a specific area along the X-axis.
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The output shows five categories (1, 2, 3, 4, and 5), each represented by a probability
curve. This indicates that respondents use each category according to their level of ability. No
category is overlooked or unused. The category thresholds (points where two curves intersect)
appear in sequence. The thresholds are in a logical order (ordered thresholds). This shows that
the Likert scale functions well in distinguishing between categories. No disordered thresholds
exist, meaning respondents can consistently understand and differentiate between the
categories.

The range of respondent abilities covers the entire X-axis with smooth transitions between
categories. All Likert categories function within a specific range of abilities without gaps. This
Likert scale reflects appropriate levels of ability. There is some overlap between category
curves, but the overlap is reasonable. Another entirely dominates no single category curve.
These characteristics are consistent with Colledani et al. (2025) and (Tennant & Kiigiikdeveci,
2023) who emphasize that effective rating scales should show distinct ordered thresholds and
reasonable overlap between adjacent categories and underscores the importance of examining
monotonicity and avoiding disordered thresholds in polytomous items.

Dimensionality test

The dimensionality of the measurement tool was tested using Principal Component Analysis of
Residuals (PCAR) in Winsteps. Based on the analysis results (see Figure 7), the total raw
variance explained by the model was 44.1%, with raw unexplained variance in the first contrast
at 12.8%. This indicates that the Likert scale used is still not entirely satisfactory and is
influenced by other factors.

According to Tennant and Pallant (2006), one-dimensionality is considered adequate if
the raw variance explained by the model exceeds 40% and the unexplained variance in the first
contrast is less than 15%. Based on these results, the measurement tool can be considered
unidimensional and measure only one main construct.

Table of STANDARDIZED RESIDUAL wariance in Eigenwvalue units = ITEM information units
Eigenvalue  Observed Expected
Total raw variance in observations = 65.9586 166.08% 166.8%

Raw variance explained by measures = 28.9586  43.9% A4,1% ‘
Raw variance explained by persons = 9.6147 14.86% 14.7%
Raw Variance explained by items = 19.3359 29.3% 29.5%

Raw unexplained variance (total) = 37.0008 56.1% 188.8%  55.9%
Unexplned variance in 1st contrast = A4.7192 7.2% 12.8%

Unexplned variance in 2nd contrast = 3.6145 5.5% 9.8%
Unexplned variance in 3rd contrast = 3.1918 4.8% 8.6%
Unexplned variance in 4th contrast = 2.5633  3.9% 6.9%
Unexplned wvariance in 5th contrast = 2.1849 3.2%  5.7%

Figure 4. Dimensionality map

Furthermore, the residual analysis showed no significant patterns indicating additional
dimensions. The eigenvalues of unexplained variance in the second to fifth contrasts were also
below the critical threshold, further supporting the assumption of one-dimensionality in the
measurement tool.
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Discussion

The application of the Rasch model in this study provided robust psychometric evaluation of
the Preschool Home Mathematics Questionnaire (PHMQ). The results revealed a high level of
internal consistency, as reflected in the person reliability of 0.93 and item reliability of 0.96.
These values exceed the benchmark of 0.90, which is considered indicative of excellent
reliability in educational assessments (Boone et al., 2014; Cook & Wind, 2024; Fisher, 2007).
High person and item reliability indicate that the instrument effectively discriminates among
different respondent abilities and that items are well-targeted along the latent trait continuum
(Bond, 2015; Othman & Zaini, 2019), in this case, the construct of the home mathematics
environment (HME).

The item fit analysis confirmed that most items performed well within the expected Rasch
model parameters, supporting the unidimensionality and construct validity of the instrument.
However, a few items (Q13, Q15, Q22, Q24, and Q26) were flagged as misfits based on outfit
ZSTD and PTMEA-CORR statistics. Misfitting items can arise due to multidimensionality,
ambiguous wording, or inconsistencies in respondent interpretation (Bond, 2015; Boone et al.,
2014). As Bond (2015)explain, items with significant misfit may compromise measurement
precision and should be reviewed for content alignment and clarity. For instance, item Q26
(“Maths-related websites”) may be less relevant in low-income settings with limited digital
access, suggesting a need for contextual adaptation. To address these issues, it is recommended
that misfitting items be carefully reviewed and revised for clarity, cultural relevance, and
construct alignment (Suryani, 2018). This includes conducting expert validation and pilot
testing of revised items (Piussi et al., 2025). If, after these steps, the items continue to show
misfit, they should be considered for removal (Fischer et al., 2021; Johansson, 2025) to maintain
the scale's psychometric integrity.

The functioning of the Likert scale categories also showed positive results. All five
categories were used appropriately, exhibited increasing measures, and demonstrated ordered
thresholds. This aligns with Andrich (1988) Rating Scale Model, which emphasizes that
properly functioning categories should reflect monotonic increases along the latent continuum
(Colledani et al., 2025). The smooth transitions between category curves and absence of
disordered thresholds suggest that the scale effectively differentiates respondent engagement
levels. These findings are supported by more recent studies (Colledani et al., 2025; Van Zile-
Tamsen, 2017), which emphasize the importance of scale optimization in instrument
development.

The Wright map further corroborated the comprehensive item targeting, illustrating a
broad distribution of item difficulties matched with respondent abilities. This distribution is
essential for ensuring measurement precision across the full ability spectrum (Boone et al.,
2014; Linacre, 2002). Items Q1 and Q2, which appeared at the easier end of the continuum,
assess more frequent and general activities, while Q23 and Q25, located at the more difficult
end, capture specific or less common activities. This range is beneficial for identifying both low
and high levels of home mathematics engagement, particularly in heterogeneous populations
like those found in developing countries.
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Regarding dimensionality, the Principal Component Analysis of Residuals (PCAR)
showed that 44.1% of the total variance was explained by the Rasch dimension, and the first
contrast accounted for only 12.8% of unexplained variance. These values meet the thresholds
suggested by Tennant & Pallant (2006), confirming that the PHMQ measures a single dominant
construct. Bond and Fox (2015) also highlight that the strength of the Rasch model lies in its
capacity to isolate and quantify latent variables, which is clearly reflected in this finding.

Finally, this study underscores the strength of Rasch analysis not only for item refinement
but also for evaluating response patterns and scale function. As Boone et al. (2014)emphasized,
Rasch modelling provides diagnostic information that is often absent in classical test theory,
especially in evaluating the appropriateness of rating scale usage and detecting subtle item
misfits. The methodological rigor afforded by Rasch analysis enhances the interpretability and
generalizability of findings, especially when instruments are adapted for culturally diverse and
socioeconomically varied settings like Indonesia.

Conclusion

This study applied the Rasch model to evaluate the psychometric properties of the Preschool
Home Mathematics Questionnaire (PHMQ). The findings demonstrated high person and item
reliability, effective functioning of the Likert scale, and support for unidimensionality. These
results indicate that the PHMQ is a valid and reliable tool for assessing the home mathematics
environment among preschool-aged children in a developing country context.

However, this study has several limitations. The analysis was limited to basic Rasch
procedures, primarily focusing on item and person reliability, item fit, Likert scale
functionality, and unidimensionality. No further analysis such as Differential ltem Functioning
(DIF), multidimensional Rasch modeling, or longitudinal Rasch calibration was conducted.
Additionally, the study was cross-sectional and did not incorporate qualitative insights that
might help explain misfitting items or contextual challenges in implementation.

Given the simplicity of this validation-focused research, future studies should explore the
PHMQ more extensively using Rasch analysis. This includes conducting DIF analysis to assess
fairness across demographic groups, examining item bias, refining or reconstructing misfitting
items, and investigating the instrument's performance over time or across different cultural
settings. Such efforts would contribute to a more comprehensive understanding of the home
mathematics environment and enhance the utility of the PHMQ in both research and practical
applications.
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Appendix
Questionnaire
.N o of Statements
items
MATHS LITERACY
1 In the past month, how often did you and your child engage in reading?

activity did
not occur

few times a
month

about once a
week

few times a
week

almost daily

FREQUENCY OF HOUSEHOLD ACTIVITIES

In the past month, how often did you and your child engage in the following?

2 Counting
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
3 Write numbers
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
4 Scenarios number games (e.g. “If I have two toy cars and I take one away, how
many cars do [ have?”)
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
5 Counting on fingers/hands
activity did few times a about once a few times a .
almost daily
not occur month week week
6 Watching number related TV shows (e.g. Number Jacks or Numtums)
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
7 Teaching about measurements (e.g. baking, height)
activity did few times a about once a few times a .
almost daily
not occur month week week
8 Sticker books
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
9 Sorting shapes
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
10 Rhyming TV shows involving numbers (e.g. Number Jacks)
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No of

. Statements
items
activity did few times a about once a few times a .
almost daily
not occur month week week
11 Play with jigsaws
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
12 Watch educational programs (e.g. Dora the Explorer)
activity did few times a about once a few times a .
almost daily
not occur month week week
13 Sorting objects by size
activity did few timesa | aboutoncea | few timesa )
almost daily
not occur month week week
14 Comparing sets of objects (e.g. brother has more than mum)
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
15 Pairing/matching games
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
16 Playing with building blocks
activity did few times a about once a few times a .
almost daily
not occur month week week
17 Identifying names of written numbers
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
18 Counting out food, dinner plates, knifes and forks
activity did few times a about once a few times a .
almost daily
not occur month week week
19 Creating patterns with objects (e.g. arranging blocks into shapes)
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
20 Counting objects (e.g. ducks in bath, blocks, new toys, books)
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
21 Teaching about money (e.g. informal — playing shop or formal — buying

sweeties)
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few times a about once a few times a .
almost daily
week week

activity did
not occur month

22 Time terminology (e.g. big hand, little hand)

few times a about once a few times a )
almost daily
week week

activity did
not occur month

23 Asking shape related questions (e.g. “how many sides does a circle have?”)

activity did few times a

about once a few times a .
almost daily

not occur month week week
TECHNOLOGY
In the past month, how often did your child engage in the following?

24 Maths applications (e.g. Number Jacks)
about once a few times a almost daily

activity did few times a
not occur month week week
25 Maths related websites (e.g. coolmaths.com)
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
ey complete sums, the faster the boat moves)

26 Racing games (e.g. the faster th
few times a about once a few times a .

almost daily
week week

activity did
not occur month

27 Size/matching apps (e.g. “put the big skirt on the small girl™)
activity did few times a about once a few times a .
almost daily
not occur month week week
28 Add and subtraction games
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
29 Filling in the gap number games (e.g. what is next in the sequence?)
activity did few times a about once a few times a .
almost daily
not occur month week week
(e.g. NumTums)

30 Maths related YouTube videos

about once a few times a .
almost daily
week week

activity did few times a
not occur month

SIBLINGS
When your children are doing activities together that involve maths, what types of activities

are they most likely to do together? Keeping this in mind, in the past month, how often have

you and your child engage in the following?
31 Counting objects together
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activity did few times a about once a few times a .
almost daily
not occur month week week
32 Arranging objects by size, shape or colour
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
33 Watching number related TV shows together (e.g. Number Jacks or Numtums)
activity did few times a about once a few times a .
almost daily
not occur month week week
34 Sing rhyming songs together (e.g. “1, 2, 3, 4, 5 once I caught a fish alive”)
activity did few timesa | aboutoncea | few timesa )
almost daily
not occur month week week
35 Reading books together that involve numbers (e.g. Hungry Caterpillar)
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
36 Timed games (e.g. hide and seek)
activity did few timesa | aboutoncea | few timesa .
almost daily
not occur month week week
37 Everyday activities that involve number (e.g. using money while shopping)
activity did few times a about once a few times a .
almost daily
not occur month week week
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