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Abstract

The purpose of the current study was to qualitatively explore
the home mathematical environment across two regions in
two different countries (i.e., Cuba and Mexico), replicating a
qualitative study previously conducted in Northern Ireland
(NI), United Kingdom (Cahoon et al., 2017). Semi-structured
interviews with parents/caregivers of children (3- to 5-year-
olds) in both Mexico (n = 13) and Cuba (n = 40) were com-
pleted to investigate their views, experiences and attitudes
towards the home mathematical environment. Thematic anal-
ysis was used to explore themes relevant to the home mathe-
matical environment. Three consistent themes were found in
the Mexican and Cuban data: Numeracy Environment Struc-
ture, Expectations and Attitudes and Views of Technology.
Two unique themes were found in the Mexico data:
Interactions Related to Reading or Mathematics, and Child's
Attitudes in Relation to Mathematics. One unique theme was
found in the Cuban interviews: Interactions for Learning.
Although diverse themes were identified, consistencies were
also observed. This suggests that some home numeracy prac-
tices may be universal in nature. This research increases the

understanding of human development in context.
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1 | INTRODUCTION
1.1 | Background

Early mathematical skills predict later educational achievement, employment opportunities and broader health out-
comes (Davis-Kean et al., 2022; Duncan et al., 2007; Williams, 2003). Some research suggests that school-entry
mathematical skills are better predictors for later academic achievement in mathematics, reading and science than
reading skills at school entry (Claessens & Engel, 2013; Napoli & Purpura, 2018). Furthermore, family contexts, not
schools, have been identified as a major source of inequality in student performance (Butterworth, 2005). Yet,
research on early mathematical experiences outside of the school context is only beginning to expand
(e.g., Chernyak, 2020; Hart et al., 2016; Skwarchuk et al., 2014; Purpura et al., 2021) with most of the mathematical
development research having focused on cognitive aspects of development (Cragg & Gilmore, 2014; LeFevre et al.,
2010; Zhang et al., 2014) or school interventions (Arnold et al., 2002; Clements & Sarama, 2008; Cohrssen &
Niklas, 2019). Attention has now turned to the influence of the home mathematics environment (HME) on the devel-
opment of individual competencies (i.e., mathematical abilities such as ordering, cardinality etc.; Anders et al., 2012;
LeFevre et al., 2010).

1.2 | Defining the home mathematics environment

The HME has been conceptualised in several different ways. In Canada, LeFevre et al. (2009) developed a model that
recognised the occurrence of indirect activities (such as cooking, playing board games) and direct activities (such as
counting, teaching digit recognition, printing numbers) that contributed to the overall HME. LeFevre et al. (2009)
established that parent reports of the frequency of direct and indirect numeracy activities in the home were posi-
tively related to the mathematical skills of children in Kindergarten, Grade 1 and Grade 2 (mean age: 5:11 (years:
months), 6:9, and 7:9, respectively). In Canada, a formalised Home Numeracy Model (Skwarchuk et al., 2014) aligned
indirect/informal activities and direct/formal activities and identified differential pathways in development. Informal
activities refer to activities that occur spontaneously within the home environment and indirectly provide opportuni-
ties for learning about numeracy (e.g., play with building blocks, sharing out sweets)—the goal of these activities is
not about learning mathematics but rather broader learning and stimulation. In contrast, formal activities focus on
engaging children in learning purposefully about mathematics (e.g., practicing basic arithmetic; Skwarchuk
et al., 2014). These differential pathways in development specify that informal mathematics exposure promotes non-
symbolic mathematics skills, whereas formal practices support the development of symbolic mathematics knowledge
(Skwarchuk et al., 2014). In addition, some studies have differentiated HME between the occurrence of basic and
advanced activities in Belgium and Chile (e.g., Mutaf-Yildiz et al., 2020; Susperreguy, Di Lonardo Burr, et al., 2020).
Depending on age, basic activities for young children (in this context 5-6-year-olds) are defined as simple number
practices, such as counting and number identification and advanced practices are defined as more complex mathe-
matical processes, such as addition (Mutaf-Yildiz et al., 2020). A consistent finding is that developmentally appropri-
ate advanced practices, rather than basic practices, are associated with children's mathematics skills (Mutaf-Yildiz
et al., 2020; Thompson et al., 2017).
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Even though there are clear inconsistencies in the conceptualisation and definitions of the HME, a recent sys-
tematic review and meta-analysis (including 51 studies) suggests that, overall, the HME has a small, but positive rela-
tion with mathematical skills (r = 0.14; Daucourt et al., 2020). However, there is some variation across studies, with
some establishing a positive relationship (LeFevre et al., 2010; Manolitsis et al., 2013; Niklas et al., 2016; Niklas &
Schneider, 2014), mixed findings within the same study (LeFevre et al., 2009; Ramani et al., 2015; Skwarchuk, 2009;
Zippert & Ramani, 2017) or null results (Blevins-Knabe et al., 2000; Missall et al., 2015). These inconsistent
findings may arise because of a multitude of factors, such as the age of the participants within individual studies, the
use of different measures of the HME, selected outcome measures and between country differences (Elliott & Bach-
man, 2018).

1.3 | Home mathematics environment in context

According to Bronfenbrenner's Bioecological model, children's home environments are situated within cultural con-
texts that have both direct and indirect impacts on their development (Bronfenbrenner, 1976; Bronfenbrenner &
Morris, 2007). Within Bronfenbrenner's model, culture is positioned in the macrosystem, only exerting an indirect
effect on children's development. However, Vélez-Agosto et al. (2017) proposed an updated framing of this model
with culture embedded within the microsystem level, thus having a direct and substantive influence on child devel-
opment. Although there is a long history of respecting that family interactions occur within differential cultural con-
texts (Coll et al., 1996) research taking this approach is underdeveloped, especially concerning the HME (Hornburg
et al.,, 2021). Research suggests that parent expectations and attitudes towards mathematics and their practices may
differ dramatically across cultures and are likely to reflect specific cultural norms (Phillipson & Phillipson, 2007). A
recent international position paper, involving 33 experts from 13 countries, identified the need to deeply consider
diverse cultural factors concerning the HME (Hornburg et al., 2021). Key questions were considered in this paper,
such as can the concept of the HME be described as “universal”? and what is the potential influence of cultural
norms on parent-child activities? In addition, the position paper clearly highlighted the importance of understanding
the HME from a qualitative perspective. Taking this approach will ensure that any future quantitative measurement
developments reflect specific culturally dependent attitudes, expectations and activities. In addition, mixed-methods
approaches can ensure that culturally specific nuances that may drive subtle differences in quantitative responses
can be fully explored.

The current understanding of the HME is dominated by research in the United States (e.g., Blevins-Knabe &
Musun-Miller, 1996; Thompson et al., 2017), Canada (e.g., LeFevre et al.,, 2009; Skwarchuk et al., 2014) and
Europe (e.g., Germany: Niklas & Schneider, 2014; Belgium: Mutaf-Yildiz et al., 2020). In contrast, relatively little is
known about the HME in non-European or non-North American countries. However, there is an emerging body
of evidence on the HME from China (Wei et al., 2020), Chile (Susperreguy, Di Lonardo Burr, et al., 2020; Sus-
perreguy, Douglas, Xu, Molina-Rojas, & LeFevre, 2020) and Mexico (Susperreguy et al., 2021), but these data
have been collected with tools developed in North American and European countries and directly applied to
these different cultural contexts. This is not a unique issue for HME research but has been identified as a barrier
to understanding human development more broadly due to the reliance on samples previously referred to as
WEIRD (i.e., Western, Educated, Industrialized, Rich, Democratic, Henrich et al., 2010). Increasingly, this division
is referred to as Majority World versus Minority World, attempting to address bias even within the WEIRD acro-
nym, with criticism suggesting that this term is “Western-biased”. This terminology also recognises where the
majority of the world's population lives, whose populations are significantly underrepresented in current research
(Draper et al., 2022). Although this initial approach of applying tools developed in Minority countries to Majority
countries has provided some insight into the HME outside North America and Europe, it becomes a challenge
when attempting to generalise research findings or understanding universality of concepts, such as the HME, as

populations can vary considerably in the extent to which they display certain biases and preferences (Henrich
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et al., 2010). Generalising findings across diverse samples may be problematic due to multiple factors, for exam-

ple, certain types of skills may be differentially prioritised in some countries.

14 | Measuring the home mathematics environment

The HME has been predominantly measured through quantitative survey methodologies focusing on questions,
mainly generated in Canada and the United States, on the frequency of home numeracy activities that parents and
children engage in (e.g., Kleemans et al., 2012; LeFevre et al., 2009; Melhuish et al., 2008). In addition, questionnaires
have been used to measure caregivers' broader attitudes and beliefs (e.g., mathematical anxiety) about mathematics
that have also been reported to be components of the HME (Geist, 2015). There is a growing body of literature
derived from samples in Latin America. Questionnaire-based studies on the relation between the HME and children's
mathematics skills (Becerra Orellana, 2016; mean age of children 63 months) and intervention studies (de Leén, 2016;
mean age of children 73 months) in Latin American countries have observed positive relationships, albeit weaker
than those with generally North American or European samples (e.g., Susperreguy et al., 2021; age range of children
35 to 76 months). For example, research in Chile has indicated that there is a positive, weak relationship between
the HME (i.e., operational activities and shared number-game play) and mathematical skills (both r = 0.15;
Susperrreguy et al., 2020; mean age at the end of prekindergarten 4 years 7 months and at the end of kindergarten
5 years 10 months). Furthermore, Leyva (2019) examined how Chilean parents supported their children's writing and
mathematics during a grocery game through observations. They examined whether parent's support predicted chil-
dren's academic skills across pre-kindergarten (mean age 53 months) and found that parents displayed moderate
levels of mathematical support in the grocery game and their mathematical support uniquely predicted gains in chil-
dren's maths skills. Findings from research in Mexico are complex, with positive relationships between “advanced”
aspects of the HME (e.g., helping the child to learn simple sums, encouraging the child to perform mental operations,
weigh, measure and compare quantities) and mathematical skills for families from high-SES backgrounds, but this
relation was not observed for families from low-SES backgrounds (Susperreguy et al., 2021). However, these weaker
associations may represent either genuine differential relationships between the HME and mathematical skills across
cultural contexts or suggest issues with the application of questionnaires developed in one cultural context being
directly used internationally.

There are multiple reasons why the application of tools generated in different cultural contexts may not be valid.
For example, different activities may not occur in different family contexts, different caregivers may be involved in
children's lives in different countries and beliefs and attitudes about mathematics vary across countries (Hornburg
et al, 2021). Recently, there have been some cross-cultural adaptions of HME measures (i.e., Susperreguy
et al., 2022; Susperreguy, Douglas, et al., 2020). Susperreguy, Douglas, et al (2020) investigated the HME in Chile
and made minor linguistic adaptations to the popular Skwarchuk et al. (2014) questionnaire to be suitable for use by
Spanish speakers. The same translated questionnaire was used to compare the HME in Canada, Mexico and Chile in
a subsequent paper (Susperreguy et al., 2022). These studies highlight the need to develop models of the HME that
are culturally sensitive and show the complexities of comparing home learning environments across countries, espe-
cially in the absence of culturally sensitive tools. To understand the HME in different contexts, qualitative research is
required to form the basis of the development of appropriate measurements.

Qualitative approaches are not commonly used in HME research and have only been used in Minority country
settings (for example, Beltran-Grimm, 2022; Cahoon et al., 2017). Beltran-Grimm (2022) investigated the informal
contextual factors of Latina mothers in the United States with their 3- to 5-year-olds, showing that these mothers
participated in different numeracy environments that were formed by their own culturally informed understanding
of knowledge which subsequently could impact their children's educational experiences. Qualitative research by
Cahoon et al. (2017) explored the nature of the HME for 3- to 5-year-old children in Northern Ireland (NI),

United Kingdom using semi-structured interviews with eight parents. The questions used to interview the parents/
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caregivers were developed using content from previously used HME-related questionnaires (e.g., a question was
asked about the frequency and structure of mathematical activities in comparison to reading in the home taken from
Early et al., 2010). Questions were used flexibly to generate statements from parents/caregivers, which provide
insight into behaviour relevant to the HME, how parents/caregivers might teach their children numeracy skills, and
under what circumstances. Activities that had rarely been measured in HME research emerged from the interviews,
such as the use of portable tablet devices and viewing educational television programmes emphasising the impor-
tance of qualitative research with parents/caregivers of young children. The data from the semi-structured inter-
views (i.e., Cahoon et al., 2017) were analysed using thematic analysis and six themes were identified (see Figure 1).
The definitions of these six themes have been provided (see Supplementary Material A, Table 1).

Galindo et al. (2019) used a mixed-methods approach to understand immigrant Latinx mothers' (living in the
United States with preschool through first-grade children) conceptualisation of mathematics and their beliefs and
practices around children's mathematical skills in the home environment. Results indicated that mothers defined
mathematics along school-based or formal definitions and also suggested low awareness regarding the spontaneous
and informal aspects of mathematics. This formal approach was also reflected in parent approaches to learning, in
which mother's reported reliance on direct instruction. In contradiction to past quantitative research with Latinx fam-
ilies (Valencia & Black, 2002), mothers indicated active engagement in education at home with their children and
between siblings.

More broadly, studies within the United States have identified that a positive affect towards mathematics is a

predictor of engagement in maths activities at home (Maloney et al., 2015). This study highlighted that 50% of

Numeracy

Environment
Structure

Social Views of

Interaction Technology

Home
Mathematics
Environment
NI

Frequency of
Parent-child Number-
Interaction related

Experiences

Levels of
Number

Knowledge

FIGURE 1 The six themes from Cahoon et al. (2017).
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mother's enjoyed mathematical activities, concluding that promoting mother's positive attitudes towards mathemat-
ics may be a vehicle to improve engagement in home maths activities and children's subsequent learning. Although
this paper makes advances in diversifying the viewpoint of HME by sampling a minority group within the
United States, there is a lack of similar knowledge from Latinx samples who are living in Latin American countries.
Qualitative research on Mexican parental attitudes and beliefs around home literacy and language development
indicated some contrasting findings with research conducted with Mexican American families (i.e., Galindo
et al., 2019; Melzi et al., 2022; Mendelsohn et al., 2023). Specifically, Mexican parents recognised a balance of
responsibility for children's education between the home and school setting. Parents in this study also emphasised the
importance of early exposure to reading material for literacy success and were able to identify activities (such as, joint
language play) that would stimulate learning. Parents had high expectations for their children's reading skills, but also
emphasised social and moral competencies as important outcomes for their children (Gonzalez et al., 2018). Qualitative
research has also focused on mathematical language in Hispanic/Latine families. Melzi et al. (2022) and Mendelsohn
et al. (2023) both investigated Hispanic/Latine mothers'/caregivers' mathematical language (i.e., spatial and/or number).
Mathematical language use varied substantially between mothers, and their quantity of mathematical language was
related to children's own mathematics talk (Mendelsohn et al., 2023). Melzi et al. (2022) established that although spa-
tial language, rather than mathematical language, was most commonly occurring during instructions with children,
mathematical language, but not spatial language, was related to children's own mathematical language use. These data
give insight into the nature of the Home Literacy Environment (HLE; i.e., parents helping their children to read words
and the frequency of shared reading) and a component of the HME for Latine caregivers and Hispanic mothers in the

United States. However, similar data do not exist for the HME in Mexico or other Latin American countries.

1.5 | The current study

Underpinned by Bronfenbrenner's Bioecological model (Bronfenbrenner, 1976; Bronfenbrenner & Morris, 2007) and
the updated framing of this model by Vélez-Agosto et al. (2017), the current study aims to further explore an envi-
ronmental context in which children explore and learn about mathematics and interact with their parents/caregivers.
Cross-country research is notoriously complex due to the uncontrollable nature of differences across countries, such
as language, gross domestic product (GDP) and cultural norms (Cankaya & LeFevre, 2016; Hunt et al., 2021). The
purpose of the current study is to replicate a qualitative study conducted by Cahoon et al. (2017) in NI, to under-
stand the similarities and differences of home mathematical contexts across three countries (i.e., NI, Cuba and
Mexico), respecting that these parent-child interactions may be culturally diverse (Garcia Coll et al., 1996) and that
this diversity may be related to child development (Vélez-Agosto et al., 2017). Cahoon et al. (2017) identified six
themes: Numeracy Environment Structure, Frequency of Number-related Experiences, Levels of Number Knowl-
edge, Views of Technology, Parent-child Interaction and Social Interaction (see Supplementary Material A, Table 1).
These qualitative data and analyses are also fundamentally important for future research to ensure that self-report
measures of the HME are appropriate for use in different country contexts (Hornburg et al., 2021). Qualitative
approaches are a necessary step to enable face validity in future amended or developed measurement tools.

There is strong evidence that mathematics is a language-dependent skill (Purpura et al., 2021). Sites within the
current study have been strategically selected to enable between country comparison whilst controlling for official
language (i.e., Spanish) as there are known influences of language structure on mathematical learning (e.g., Mark &
Dowker, 2015; Moeller et al., 2015). In addition, both Cuba and Mexico are recognised by the Organization for Eco-
nomic Co-operation and Development (OECD) Official Development Assistance (ODA) Development Assistance
Committee (DAC) countries, thus controlling for overall GDP. As already stated, we lack qualitative data on differen-
tial (or similar) cultural approaches to early mathematics learning support in the home from Mexico and Cuba. How-
ever, we do know that there are wide gaps in children and young people's outcomes in mathematics between the

two countries. Cuba is reported as having the highest level of mathematical achievement in Latin American countries
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based on the Office for Education in Latin America and the Caribbean (OREALC) 13-country survey (Carnoy, 2007).
This should be contextualised with Cuba being recognised by the OECD as an ODA DAC recipient country. In 2018,
Mexico was ranked 35th out of 35 countries in mathematical achievement (Schleicher, 2019), based on the Program
for International Student Assessment (PISA) study. Cuba does not participate in the PISA study that assesses student
attainment at 15-years-old. According to data from the Second Regional Comparative and Explanatory Study
(SERCE), third-grade students in Cuba score higher in mathematics compared with those in Mexico (proportion of
students occupying Level 4 attainment: Cuba = 54.36% vs. Mexico = 15.59%; Valdés et al., 2008). Therefore,
selecting these two countries offers the opportunity to examine the applicability of the HME framework in poten-
tially diverse settings, whilst maintaining relative control over additional extraneous variables such as OECD status,
mathematical achievement variation and dominant national language (for more information on comparing country

contexts see Supplementary Material B).

2 | METHOD

This research was reviewed and approved by the School of Psychology, Research Ethics Committee (REC) in NI. All
documents (i.e., information sheet, consent form and interview schedule) were translated from English to Spanish by
a professional translator based in Mexico. The translated documents were verified by all the Spanish-speaking
authors before they were presented to participants to ensure the accuracy of translation.

Inclusion criteria for participation were that the parent/caregiver was over 18 years old and the primary caregiver
of at least one child aged between 3 and 5 years old. Participants provided informed consent to confirm they under-
stood that the interviews would be recorded and transcribed verbatim. The researchers (one in Mexico and one in Cuba)
arranged a suitable date and time for the interview with the participants via phone or email. Data were collected by
researchers whose identities aligned with the participants in their sample and whose first language was Spanish. All par-
ticipants completed a short questionnaire before the interview regarding their background information. The researchers
used a list of open-ended questions that included prompts and probe questions (see supplementary materials C) based
on those used in Cahoon et al. (2017). The session lasted approximately 45 min in total per participant.

During data collection, Cuba and Mexico experienced COVID-19 related lockdown restrictions. In Mexico,
schools and kindergartens were closed, but remained open for children of key workers only. In Cuba, schools were
closed but kindergartens remained open. However, parents/caregivers could decide whether to send their children

to the educational setting or remain at home. Most parents/caregivers in Cuba kept children at home.

21 | Recruitment procedure: Mexico

In Mexico, local day care leaders were contacted by phone to obtain permission to distribute an information sheet
and consent form electronically to parents/caregivers. Once parents/caregivers agreed to participate, the informed
consent and background questionnaire link was sent electronically. After the informed consent was received a date
and time was scheduled to conduct the interview by telephone. The use of electronic communications was necessary
due to COVID-19 guidance from the local government and the host university. No incentives were offered to the

participants in either country.

2.2 | Recruitment procedure: Cuba

To recruit participants at their day care centres, the consent of the National Director for Early Childhood Education

of the Cuban Ministry of Education was requested. Participants from urban communities were recruited in
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collaboration with community doctors in different municipalities, using convenience sampling. In rural areas (i.e., in
Palma, Santiago de Cuba), parents/caregivers whose children attended kindergartens were contacted and recruited
using convenience sampling. The background questionnaire was read aloud to participants who completed the inter-
view over the phone and the researcher filled in their responses. It was not possible to send the forms electronically

to all parents/caregivers, due to lack of phone or internet connectivity in some of the cases.

2.3 | Participants

In total, 53 parents/caregivers were interviewed for this study. It is important to note the differences in sample sizes
between Mexico (n = 13) and Cuba (n = 40). Data saturation was found after 12 participants in Mexico, and demon-
strated the depth of information that was gathered from these participants. The quantity of Cuban interviews
equalivated the depth that was gained from the Mexican interviews. Transcription and translation of the
interviews was ongoing during the data collection process. It was noted that the interviews in Cuba were consider-
ably shorter than those in Mexico; thus, data collection was extended with Cuban participants to ensure that similar
breadth and depth of understanding of the topic could be ascertained in both sites.

24 | Participants: Mexico

Parents/caregivers whose children attended public preschools and nurseries belonging to the Mexican Social Secu-
rity Institute (IMSS for its acronym in Spanish) in Chihuahua (Northern Mexico, a border state with the
United States) were recruited as participants using convenience sampling. Participants included 13 parents/
caregivers of children between 39 and 60 months (M = 46.69 months), all of whom were living in urban areas. One
participant was excluded post-interview as their child did not meet the age criteria. Table 1 summarises the demo-
graphic data of the participants and their children.

When considering SES, data were converted into the three-class version described in the National Statistics
Socio-economic Classification (NS-SEC; Rose & Pevalin, 2010), which can be assumed to involve a form of hierarchy
(i.e., high, medium and low SES categories). Parents/caregivers completed eight questions from the NS-SEC (Rose &
Pevalin, 2010), which derived socio-economic status (SES) using the Standard Occupational Classification (SOC). In
2019, the state of Chihuahua occupied the 11th position with a contribution to the Mexican GDP of 3.2% (INEGI,
BIE, 2021a). In 2020, SES in Chihuahua was distributed as follows: low-SES 8.3%, middle-low-SES 43.0%, middle-
high-SES 35.1% and high-SES 13.5%. Of the total population aged between 20 and 49 years old, the highest levels
of education are as follows: 1.8% no qualification, 0.11% preschool education, 13.8% primary education, 31.9% sec-
ondary education, 23.4% high school, 22.6% undergraduate and 3.02% graduate, other 3.4% (INEGI, CENSO, 2020).
Within the current sample, we have representation from all levels of SES (Table 1). However, the sample is skewed

towards participants with higher educational experience than the population norms (Table 1).

2.5 | Participants: Cuba

Interviews were conducted in person at the children's day care centre (N = 9) with the permission of the Director of
the day care centres. In urban areas (i.e., La Havana), due to mobility restrictions associated with the COVID-19 pan-
demic, the interviews were carried out by phone (N = 22) or in person (N = 9) depending on the municipality and
parents/caregivers preference. The breakdown between rural and urban participants (Table 1) is representative of
the Cuban population as the rural population in Cuba was 22.96% (i.e., the percentage of total population) as of
2018. All parents/caregivers had at least one child aged between 36 and 59 months (M = 47.68 months).
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TABLE 1 Demographic data for Mexican and Cuban participants.

Mexico (N = 13)

Cuba (N = 40)

Gender of child

Gender of parent/caregiver

Day care

SES

Highest level of education

Highest level of mathematical

Gender of child

Gender of parent/ caregiver

Area

Day care

SES

Highest level of education

Highest level of mathematical

Female

Male

Female

Male

Preschool

Nursery

High

Medium

Low

Higher Education Degree
Middle school/junior high

High school

Higher Education Degree
Middle school/junior high

High school

Female

Male

Female

Male

Grandmother

Urban

Rural

Public

Private

Not attending

High

Medium

Low

Postgraduate Degree

Higher Education Degree
Middle-level Technician Degree
High school/preparatory school
Primary school

Higher Education Degree
Middle-level Technician Degree
High school/preparatory school

Primary school

WILEY_| 2%

Participants, n (%)
3(23)

10(77)

11 (85)

15)

18 (45)
38 (95)
1(2.5)
1(2.5)
31 (77.5)
9 (22.5)
29 (72.5)
8 (20)
7.5(3)
24 (60)
11 (27.5)
4 (10)
1(2.5)
18 (45)
8(20)

12 (30)
1(2.5)
8(20)
8(20)
23(57.5)
1(2.5)

Note: A: Low SES category involves routine and manual occupations (i.e., gym instructor), medium SES category involves
intermediate occupations (e.g., general nurse) and high SES category involves higher managerial, administrative and
professional occupations (i.e., lawyer); B: Higher education degrees in Mexico include undergraduate level degrees.
Mathematical education was defined as including any degree that involves mathematical or statistical training (e.g., physics,
engineering, statistics etc.).
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In Cuba, the last population and housing census was carried out in 2012. At the time of data collection,
the percentages per education level of the total population aged 20 to 49 years old were as follows: no qualifi-
cation (2.1%), primary education (5.4%), middle school/junior high (22.8%), high school/preparatory school
(32%), middle-level technician degree (19.3%), higher education degree (15.9%), other (2.4%) (ONEI, 2014).
Therefore, the sample in our study is skewed towards higher educational experience than the population norm
(Table 1).

In Cuba, there is no national official classification or reference of the population SES. However, in 2019, the
average GDP per capita was $8.82 dollars, with Cuba ranking 75th out of the 196 countries included in the analysis
(Expansion, 2021). According to this, overall, the Cuban population has a low standard of living. However, as for the
Human Development Index (HDI), used by the United Nations to measure the progress of a country by taking into
account life expectancy at birth in years, expected years of schooling, mean years of schooling and Gross National
Income (GNI) per capita (PPP $), Cuba was ranked 70 in 2019, and classified as a country with High Human Develop-
ment (Miscevi¢, 2021). Given the social and economic context in Cuba, this classification may not truly reflect SES
stratification in the country as data on SES are not systematically collected. However, within the current study, the
only feasible measure that could be collected with participants was SES, this was skewed towards higher levels
(Table 1).

2.6 | Data analysis

The two researchers (in Mexico and Cuba) completed 52 interviews in total. The interviews were digitally recorded
with a dictaphone for accuracy, transcribed verbatim and translated from Spanish to English. Thematic analysis
was carried out on the Spanish transcripts of the semi-structured interviews, to identify themes in participant
responses for each country separately.® ATLAS.ti software was used for analysis in Mexico, whereas in Cuba, inter-
views were analysed by hand. This was due to communication issues during the COVID-19 pandemic lockdowns
in which Cuban collaborators had very limited internet access. Thematic analysis was completed on all of the Span-
ish transcripts by the first coder (the researcher either in Mexico (DP) or Cuba (YC)). An inter-rater reliability mea-
sure was applied with a second coder to ensure coding reliability for 10% of the English transcripts by a second
coder (a researcher in NI (AC)) for both countries. Both coders (either Mexican and Northern Irish researchers or
Cuban and Northern Irish researchers) identified the same codes, enhancing coding credibility. This study aimed to
replicate the methodological approach taken by Cahoon et al. (2017), which was specifically ontological and induc-
tive. To approach this research free from epistemological ideals, it was extremely important for the first coders to
be from the Mexican and Cuban teams, and for these teams to attempt to solely analyse the transcripts using a
data-driven approach.

Thematic analysis was conducted separately for both countries and followed six analytic steps (Braun &
Clarke, 2006; Braun & Clarke, 2019), replicating the methodological approach of Cahoon et al. (2017). The first and
second coder read over the data or transcripts to familiarize themselves with the data and noted initial ideas; they
then generate initial codes and matched codes across the whole data set. The codes that were generated for both
analyses (i.e., for Mexico and Cuba) are provided in the supplementary materials D, Table 1 (Mexico) and Table 2
(Cuba). Codes were generated in a systematic and methodological way by reading each transcript separately, coding
the entire data set and then collating data/quotes relevant to each code. The two coders searched for themes by
grouping codes together into potential themes. Table 1 and Table 2 in Supplementary Material D presents the codes
grouped within their themes to aid the reader in understanding how the codes contributed to the development of
themes. The coders reviewed the themes, ensuring that strong evidence existed to support the theme within each
transcript (Level 1) and across the whole data set (Level 2) to create a thematic ‘map’ and then they defined and
named each theme by carefully considering the content of each theme and ensuring that this is reflected in any
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definition and title. The final step involved writing the results by selecting compelling quotes that illustrated the
themes, research questions and cognisant literature. All identifiable information about participants was removed
when presenting extracts from the transcripts. We recognise that best practice in thematic analysis is to include par-
ticipant reflection on transcriptions and findings. However, this research was conducted during the COVID-19 pan-
demic, making these types of processes extremely difficult to engage with. Therefore, we were not able to complete

this final process.

3 | RESULTS

The major aim of this study was to replicate the work of Cahoon et al. (2017) in two different country contexts—
attempting to identify if similar themes (i.e., Numeracy Environment Structure, Frequency of Number-related Experi-
ences, Levels of Number Knowledge, Views of Technology, Parent-child Interaction and Social Interaction) would be
identified in data from Mexican and Cuban parents/caregivers.

Within the Mexican participants' data five themes were found based on the 19 codes that were generated
through the thematic analysis: “Numeracy Environment Structure” (5 codes), “Expectations and Attitudes” (3 codes),
“Views of Technology” (4 codes), “Interactions Related to Reading or Mathematics” (4 codes), and “Child's Attitudes
in Relation to Mathematics” (3 codes). Within the Cuban participants' data four themes were found based on the
18 codes that were generated: “Numeracy Environment Structure” (4 codes), “Expectations and Attitudes” (3 codes),
“Views of Technology” (6 codes) and “Interactions for Learning Mathematics” (5 codes). A table of codes generated
through thematic analysis, the definitions of the codes and how these relate to themes is presented in Supplemen-
tary Material A, Table 2 for the Mexican sample, and Supplementary Material A, Table 3 for the Cuban sample.

The thematic analyses indicated that there were common themes across Mexico and Cuba including “Numeracy
Environment Structure”, “Expectations and Attitudes” and “Views of Technology”. Unique themes generated from
the Mexican parent/caregiver data were “Interactions Related to Reading and Mathematics” and “Child's Attitudes
in Relation to Mathematics”. Cuban parent/caregiver data generated a unique theme on “Interactions for Learning
Mathematics” that solely focused on mathematical content. The following Results section will focus on the thematic
analyses findings, beginning with common themes across the two countries. Subsequently, unique themes found in
each country are then reported. The Spanish and English versions of supporting quotes are provided to demonstrate

participants' language and cultural nuances.

3.1 | Common theme: Numeracy environment structure

The “Numeracy Environment Structure” theme relates to how the activities related to numeracy in the home are
informed and organised. This theme was identified in data from both Mexican and Cuban parents/caregivers.

Data from Mexican parents/caregivers informing this theme discussed the link between the information pro-
vided by the learning facility the child attends (e.g., local day care centres) and how mathematics is taught through
activities occurring in daily life. These activities are used to create resources and support learning opportunities to
enhance mathematical knowledge using materials available in the home. All Mexican participants reported that they
obtain information on numerical practices from their child's learning facility, using this information as a foundation to
develop and implement home practices that promote children's numeracy skills, but also mentioned that they
enhance numerical knowledge at home by relying on activities that occur in their daily life (e.g., food, tools, clothing,

daily commute):
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“Pues si tanto como de internet, y en la guarderia “Well, yes both from the internet, and from the nursery

donde las asistentes me dicen de actividades, para school where the assistants tell me the activities to use at

ponerle en casa.”—Madre, hija (3 afos), México home...”—Mother, Daughter (aged 3), Mexico

“Si. El hace la limonada con trece limones y los “Yes. He makes lemonade with thirteen lemons and he
cuenta...”—Madre, Hijo (4 afios), México counts them...”—Mother, Son (aged 4), Mexico

These findings indicated that Mexican participants recognise that they are engaging their children with mathe-
matical ideas through everyday spontaneous activities. In addition, some participants reported making their own
mathematical material specifically developed for enhancing numeracy skills and, at the same time, may be used to
promote other abilities (i.e., fine motor skills). These participants also mentioned that they used direct instructions,

breaking down mathematical tasks and clear corrections to encourage their child to learn about mathematics:

“Los numeros los escribo en habas o por ejemplo “With numbers, | write them down with beans or
manualidades. Me he enfocado mucho en que sea handicrafts. | have focused a lot on him being more
mas diestro con sus con sus dedos, porque lo que he skilled with his fingers, because | have noticed that he
notado es que no le gusta escribir como nosotros doesn't like to write as we hold the pencil, he holds it
agarramos el lapiz, él lo agarra con todo el puio...”— with the whole fist...”—Mother, Son (aged 3), Mexico

Madre, hijo (3 aiios), México

Cuban participants perceived that there was a lack of organised activities when teaching numeracy at home,
given that the number-related activities are generally unplanned and spontaneous everyday activities. Parents/
caregivers took advantage of their child's interests (i.e., with games and toys) to teach mathematics. Participants

introduced and discussed numeracy activities informally through everyday activities:

“Ya ella cuenta del 1 al 11. A mi me gusta hacer panetela, “She already counts from 1 to 11. | like to make pancakes,
y entonces yo le digo: “ve al refrigerador y trdeme and then | tell her: “go to the refrigerator and bring me
4 huevos”, y entonces ella va, cuenta y me trae los 4 eggs”, and then she goes, counts the eggs and brings me
4 huevos. Igual cuando vamos por la calle o estamos back 4. Also, when we walk on the street or we are
asomadas en el balcdn, le digo: ;cuantos carros hay? Y leaning on the balcony, | tell her: how many cars are there?
ella va contando, cuando llega al 11 empieza de nuevo, And she counts one by one, when she reaches 11 she
1, 2...”—Madre, hija (3 afios), Cuba starts over again: 1, 2...”.—Mother, Daughter (3), Cuba

Cuban participants' responses indicate that they used available objects that their children were interested to
teach mathematics, providing children with learn