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EARLY MATERNAL SPATIAL SUPPORT AND MATH SKILLS 2

Abstract
The aim of this study is to investigate whether maternal spatial support during two types of joint
manipulative toy play with 2-year-old children was longitudinally associated with math
screening test scores in second grade. The interaction between spatial support and maternal
education was explored as well. We also investigated predictions of a teacher rating of math
performance at second grade, although these effects were less robust. Data were drawn from
[name of the study removed for review], a longitudinal study of Norwegian children and their
families. Participants were a subsample of 932 mothers and their 2-year-olds. Mothers were
asked to help their children solve both a puzzle task and a shape-color sorting task. Mothers’
spatial support included spatial language, gestures, and placement of objects. Results showed
that higher levels of spatial support during mother-child interaction tasks at 2 years of age was
significantly associated with fewer “math difficulties in second grade. This was the case for a
puzzle task (a task associated with spatial visualization skills), but not for a shape-color sorting
task (a task associated with shape and color feature discriminations). Conclusions are drawn with
respect to the importance of identifying optimal parental spatial strategies associated with better
math outcomes. These findings on parental facilitation of spatial skills during joint early play
may be useful for future training interventions directed at parents of children at risk for poor

math skills.
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Early Maternal Spatial Support for Toddlers and Math Skills in Second Grade

There is increasing recognition of the importance of spatial skills in child development,
and growing support for the link between spatial reasoning and mathematical ability (e.g.,
Hubbard, Piazza, Pinel, & Dehaene, 2005; Verdine, Golinkoff, Hirsh-Pasek, & Newcombe,
2017). Indeed, more than a quarter of the variability in mathematics ability by age 4 may be
predicted exclusively from spatial skills (Verdine, Golinkoff, Hirsh-Pasek, & Newcombe, 2014).
This relation may have important lasting consequences in terms of academic achievement.
Consider, for example, that children who are capable of building relatively complex structures
with toys like LEGO during the preschool years are more likely to be higher achievers in both
middle and high school mathematics (Wolfgang, Stannard, & Jones, 2003).

Yet, unlike other domains such as language development, where many studies of
naturalistic parent-child interactions have focused on predictors of language ability, less is
known about what types of early experiences are associated with the development of good spatial
skills (Levine, Ratliff, Huttenlocher, & Cannon, 2012). Moreover, little work has focused on
identifying the types of early spatial learning supports that are associated with children’s math
achievement and later school performance (Mix & Cheng, 2012; Verdine, Golinkoff, et al.,
2017). There are, however, reasons to suspect that the ways parents interact with their young
children when playing with spatial toys may be associated with the development of spatial
reasoning and lay the foundations for further development of spatial and mathematical ability
(e.g., Levine et al., 2012).

Aiming to help grow this knowledge base and connect it to mathematics, in this study of

toddlers, we examined the long-term associations between levels of maternal spatial support



during mother-child interactions during puzzle and shape-sorting activities at age 2 and
mathematics performance 5 years later. Specifically, we assessed whether maternal spatial
language and gesture support during a joint puzzle task and a shape-sorting task at age 2 was
associated with fewer math difficulties on a second-grade math screening test and with higher
math ratings by second grade teachers. The goal was to examine maternal spatial support of
toddlers during play with two types of educational toys that are likely to support the development
of different types of math skills during early schooling. We were particularly interested in
examining maternal support on the puzzle task, which is linked to spatial visualization skills, a
type of skill that has been studied extensively in relation to the development of early math
(Levine et al., 2012; Mix & Cheng, 2012; Pruden et al., 2011). We also examined maternal
support of the shape-sorting task, as this is also a type of educational toy relating to early spatial
and pre-math skills (Verdine et al., 2017). In addition, we asked whether maternal education
might moderate the importance of parental supports for math achievement. It is possible that for
the children of less educated mothers, maternal spatial support could have a greater impact on
later math performance than for the children of more educated mothers (who may provide a
wider variety of other types of compensating cognitive and environmental supports).
Spatial Skills and Math Achievement

A detailed review of the literature on children across different ages has shown that spatial
visualization skKills, in particular, are typically found to relate to math skills (Mix & Cheng,
2012). Note that spatial visualization skills are not only associated with spatial mathematical
abilities, such as those used in geometry, but are also important for other mathematical areas
such as numerical and algebra problems and more general measures of mathematical

achievement (e.g., Casey et al., 2015; Mix et al., 2016). This suggests that spatial visualization



skills may be involved in different kinds of math reasoning, not just geometry and measurement.
Consequently, in this study we examined predictors of math skills using a math measure
incorporating a range of second grade math content areas.

Puzzle tasks are considered a type of spatial visualization task, as they involve generating
and holding a complex irregular mental image in mind and rotating it to fit onto an equally
complex and irregular puzzle slot (Levine et al., 2012). Puzzle tasks depend on skills related to
image generation, manipulation, and transformation. A number of studies have shown an
association between experience with puzzles and spatial skills (e.g., Pruden, Levine, &
Huttenlocher, 2011). Levine et al. (2012) found that children aged 2 to 4, who spent more time
playing with puzzles during home observations attained higher scores on a measure of spatial
visualization transformation skills by the time they were 4.5 years old. Also, solving more
difficult puzzles was associated with more spatial language exposure and with more parent
engagement. Recently, Borriello and Liben (2017) found that informing mothers about spatial
thinking and ways to encourage it, increased the level of spatial support they provided to their
preschool children during joint block play (another type of play linked to spatial visualization).

The shape-color sorting task focuses more on shape discrimination and matching
prototypical shapes (e.g., circles, triangles, and squares) and colors, (e.g., red, green, and yellow)
rather than on spatial visualization skills. The shape-color sorting task involves verbal
categorization, and classification of shapes can be labeled based on their verbally identifiable
features (e.g., curved vs. straight, or number of sides and corners) as well as the colors of each of
the objects (Verdine, Bunger, et al., 2017). Shape sorting tasks, which focus on shape and color
feature discrimination, have also been associated with math reasoning, albeit less consistently.

Shape sorting is not identified in the literature as a “pure” spatial visualization task, but as a
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spatial feature task that taps into other types of geometry skills besides spatial visualization (e.g.,
Mix & Cheng, 2012; National Council of Teachers of Mathematics Principles and Standards,
2000). The acquisition of the concept of geometric shapes is thought to be at the confluence of
early spatial, math, and vocabulary knowledge (Verdine et al., 2017). Shape knowledge is an
important aspect of school readiness and mathematical learning, especially associated with
establishing the foundations for geometric thinking (Cross et al., 2009; Fisher, Hirsh-Pasek,
2013). Both puzzle tasks and shape sorting tasks are the types of toys commonly found in
toddlers’ homes.
Parental Spatial/Math Support

Parental spatial/math talk. There is evidence for the importance of the home
environment for supporting children’s mathematical skills (Berkowitz et al., 2015; Cheung &
McBride, 2017; Ma, Shen, Krenn, Hu, & Yuan, 2016; Lombardi, Casey, Thomson, Nguyen, &
Dearing, 2017; NICHD, Early Child Care Research Network, 2005; Starkey & Klein, 2000).
Many of these studies have adopted an observational approach where parent-child dyads are
examined during joint play (e.g., e.g., Casey, et al., 2018; Gunderson & Levine, 2011; Levine,
Suriyakham, Rowe, Huttenlocher & Gunderson, 2010; Missall, Hojnoski, Caskie & Repasky,
2015; Pruden, et al., 2011; Susperreguy & Davis-Kean, 2016; Vandermaas-Peeler, Boomgarden,
Finn, & Pittard, 2012; Vandermaas-Peeler, Ferretti, & Loving, 2012; Vandermaas-Peeler,
Massey, & Kendall 2016). For example, naturalistic observations of parent-child dyads relating
to early math have shown that children who hear a lot of number words, between 1 and 3 years,
have better understanding of basic numerical principles around age 4 (Gunderson & Levine,

2011).
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Similarly, the use of spatial words in early parent-child interactions has been found to
predict later spatial reasoning (Ferrara, Hirsh-Pasek, Newcombe, Golinkoff, & Lam, 2011,
Levine, Ratliff, Huttenlocher, & Cannon, 2012; Pruden, Levine, & Huttenlocher, 2011).
However, to our knowledge there is only one other study that has examined how early parental
spatial language support is predictive of later achievement in mathematics, and this study
examined the relation between maternal support on block building in preschoolers as a predictor
of later math skills (Lombardi et al., 2017).

Parental spatial gesture support. In addition to parental spatial language, supportive
gestures (like pointing to or placement of puzzle pieces) are also regarded as important elements
in the communication between children and their caregivers. Preschoolers understand language
best when accompanied by congruent gestures, which have a scaffolding role. For example, in a
study by McNeil, Alibali, and Evans (2000), preschool children performed better at following
verbally complex instructions with regards to location when these were accompanied by
gestures, which reinforced a given spatial instruction (e.g., point up when the instruction
included the word “up”), as opposed to being presented with non-congruent gestures. Levine,
Gibson, and Berkowitz (2019) concluded that “young children’s spatial language is more highly
predicted by parents’ spatial language that is accompanied by gesture than by parents’ spatial
language that is unaccompanied by gesture (Cartmill et al., 2010)” (p. 125). Levine’s research
team has also shown that spatial language that is accompanied by gesture is more effective in
supporting preschoolers puzzle ability than spatial language not accompanied by co-speech
gesture or by non-spatial language, either with or without co-speech gesture (Young et al., 2014).
Given the important supportive role of gesture, in the present study we included maternal spatial

support behaviors related to gesture as well as spatial language.



Measurement of Math Achievement

Screening measures for math difficulties. Interventions to stimulate spatial reasoning
may be particularly beneficial for children at risk for poor academic skills associated with
mathematics, given the large body of research showing a strong link between spatial skills and
math performance (Mix & Cheng, 2012). By using a screening measure for math difficulties as
the math assessment tool, the current study is focused on possible implications for future
intervention studies for children at risk for poor math skills.

Teacher ratings of math achievement. Teacher ratings is another measure of
achievement used in the literature, and in a recent meta-analysis, the association between teacher
ratings and achievement tests was approximately .63 (Stidkamp, Kaiser, & Mdller, 2012).
Several studies have raised concerns with regard to teacher ratings, namely about the validity and
biases in teachers' ratings of small children’s abilities (e.g., Kilday, Kinzie, Mashburn, &
Whittaker, 2012; Kowalski, Brown, Pretti-Frontczak, Uchida, & Sacks, 2018). Teacher ratings
seem to be more reliable when it comes to assessments of specific and objective activities such
as counting or number naming (important aspects of pre-math skills) than when it comes to more
general assessments like vocabulary use (e.g., Mashburn & Henry, 2004). Teachers’ ratings
naturally somewhat deviate from objective assessments or test scores of academic abilities.
Several child characteristics are predictive of these discrepancies, including child age, inattentive
behavior, and social skills (Baker, Tichovolsky, Kupersmidt, VVoegler-Lee, & Arnold, 2015;
Kowalski et al., 2018). Kowalski and associates (2018) found average agreement between math

test items and teacher ratings for young children was at 66% agreement, and that over- and



underestimation of the teacher ratings were related to their ratings of the children’s social-
emotional functioning. To address this issue, we introduced a control for teacher ratings of social
desirability in one of the regression models when we assessed the outcome measure of teacher
ratings of math skills in our study.
Maternal Educational Level as a Potential Moderator

Maternal educational level is an important component of socio-economic status (SES),
and has often been used as a proxy for SES composites of human, financial, and social capital
within the family (Bornstein & Bradley, 2003; Geoffroy et al., 2010; Hoffman, 2003). Not
surprisingly, given shared genetic and environmental influences, maternal education has been
shown to be a key predictor of children’s school success (e.g., Magnuson, 2007). In large part,
this is because more educated mothers provide higher quality cognitive support and stimulation
to their children, on average, compared with less educated mothers, and the overall home
environments of more educated parents contain more high-quality learning materials (e.g.,
Davis-Kean, 2005; Neitzel & Stright, 2004; Raviv, Kessenich, & Morrison, 2004; Suizzo &
Stapelton, 2007; Zadeh, Farnia, & Ungerleader, 2010). For math achievement more specifically,
associations with maternal education as well as SES composite indicators are well known, with
differences attributed to experiences in the home learning environment (e.g., Burchinal, Nelson,
Carlson, & Brooks-Gunn, 2008; Gustafsson, Hanse, & Roséen, 2011; Magnuson, 2007). Critical
mechanisms explaining maternal education differences in math problem solving abilities at first
grade, for example, include early childhood indicators of the quality of learning materials in the
home, levels of learning stimulation from parents, and the extent to which children have a variety
of learning experiences in and outside of the home (Zedah et al., 2010). When it comes to

children’s spatial skills, fewer studies have concentrated on maternal education per se, but
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differences between SES groups (e.g., in block building) are already apparent by age 3 (Verdine
etal., 2014).

In the present study, we investigated whether maternal education moderated the
importance of parental supports for math achievement. Previous studies have found that children
from low SES backgrounds (low parent income and/or education) tend to benefit the most from
interventions to increase math skills (Schmitt, et al., 2018; Weiland & Yoshikawa 2013). We
hypothesize that an overall scarcity of learning supports within the home may accentuate the
positive consequences of learning resources and opportunities that are, in fact, provided. For
example, to the extent that the home environments of less educated parents contain fewer spatial
learning materials (e.g., fewer puzzles and other stimulating toys) compared with the homes of
more educated parents, high-quality spatial learning support from parents may be of added
importance. Conversely, the importance of high-quality support from parents may be less critical
for children of more highly educated parents, if their home environments provide opportunities
to compensate for that lack of support. While we are unaware of any evidence that directly
supports this hypothesis, the added value of learning supports for children of less educated
parents has been demonstrated in other domains. As two examples consider that family
engagement in schooling and enriched child care environments have been shown to correlate
particularly strongly and positively with the achievement of children with less educated parents
(Dearing, Kreider, Simpkins, & Weiss, 2006; Votruba-Drzal et al., 2004).

The Present Study

The focus of this study was on parental spatial support behavior with two types of play

materials: a puzzle and a shape-color sorting toy. Our focus on these materials was justified by

the fact that they are ubiquitous in the homes of young children and both have the potential for
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families to use as educational toys associated with later math skills. Both puzzle play and sorting
activities are related to later school-based math activities (e.g., Pruden et al., 2011; Verdine et al.,
2017). We examined support during puzzle play specifically because it is linked to key math
skills involving spatial visualization and part-whole relations that are important for both
geometry and arithmetic skills. We examined support during the shape-color sorting task because
skill at sorting and classifying based on different dimensions, such as shape, color, size, etc., are
critical for patterning and shape attribute discrimination skills. We also chose both types of tasks
because they may be considered natural play situations (a) in which math talk of different types
are likely to emerge, and (b) which are closely aligned with manipulative play that is likely to
occur in many children’s home environments.

Shape-color sorting skills have been much less investigated as predictors of later math
performance and have not been linked as extensively in the literature to spatial skills (but see
recent article by Verdine, Bunger, et al., 2017). Consequently, there are less clear predictions
relating to maternal support during the shape-color sorting task, although this is an early activity
similar to the types of math sorting tasks typically used in preschool/early elementary school.

We investigated early parent-child spatial interactions during toddlerhood on these two
types of educational toys as a predictor of math skills five years later. Specifically, in this study,
we investigated whether maternal spatial support (i.e., spatial talk, gestures, and placement of
objects to facilitate child’s spatial learning) during these activities at age 2 was associated with
later math screening scores and teacher ratings in second grade.

We examined whether higher levels of maternal spatial support when the child was 2
years old on the spatial tasks would be associated with less math difficulties in second grade as

assessed by the math screening test and on the teacher math rating scale (with the caveat that the
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teacher rating scale might be confounded by teacher halo-effects). Based on the literature relating
to early spatial skills and math (Casey et al., 2015; Ferrara, Hirsh-Pasek, Newcombe, Golinkoff,
& Lam, 2011; Levine, Ratliff, , Huttenlocher, & Cannon, 2012; Mix et al., 2016; Pruden, Levine,
& Huttenlocher, 2011), we hypothesized that maternal support on the puzzle task (taping spatial
visualization skills) would predict later math skills, and we examined whether support on the
shape-color sorting task (for which there were no clear predictions in the literature) would
predict later math.

Note that this is correlational research, and cause and effect conclusions cannot be made.
Also, it is important to note that spatial support occurring during the specific and brief period of
the study tasks was, in and of itself, unlikely to have strong associations with later math
achievement. Instead, in this article, we are proposing that assessment of spatial support during
the joint manipulative play tasks enabled us to capture the type and quality of support that
mothers typically provided during similar spatial play and learning interactions with their
children in the home environment.

A unique feature of this study is that we isolated the specific effect of maternal spatial
support, by controlling for general cognitive stimulation by mothers across the same mother-
child interactions. We also controlled for total frequency of maternal talk to isolate the effect of
maternal spatial talk on math achievement. Moreover, we investigated whether mothers’
educational level moderated the relation between spatial support and math achievement. That is,
whether this relation would be particularly strong for children of less educated mothers,
compensating for fewer learning opportunities (in and out of the home). Furthermore, we carried
out secondary analyses involving teacher-ratings as a complement to the screening math test. In

order to rule out halo-effects where teachers would give higher mathematical achievement
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ratings to more likeable or socially competent students, we carried out an additional robustness
check controlling for children’s teacher-perceived social competence. Finally, we included a
sensitivity analysis to address the robustness or fragility of results in light of potential
unobserved selection effects.
Method

Participants

This study is based on data from the [name of the study removed for review], a
longitudinal study of three cohorts of children and their families (N = 1157) from five
municipalities in southeast Norway. Using a variety of methods, data on cognitive, social, and
behavioral development were collected from 6 months onwards. Recruitment took place in three
waves - in 2006 (n = 433), 2007 (n = 529), and 2008 (n = 195) - through public child health
clinics attended by almost all families in Norway.

Parents of 1931 eligible children (at least one Norwegian-speaking parent) were informed
about the study by a staff nurse, 1465 (76%) agreed to be contacted, and, subsequently, 1159
(60%) agreed to participate (two families later withdrew from the study and their data files were
discarded). From the 1157 children, 80% were retained in second grade with a valid school
identification number, giving us an analytical sample of 932, included in the present study. The
remaining children were not included due to nesting issues (we had no information about which
school they attended). The children included in our study sample did not differ from excluded
children in any predictor or outcome variables. However, there were some differences in
demographic variables and covariates as described in Appendix A. Informed written consent was

obtained and the study was approved by the Norwegian Social Science Data Services and
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approved by the Regional Committee for Medical and Health Research Ethics (Protocol number:
2009/224. Study name: "[Blinded for Review] ™).
Procedure

We used information collected with parents via interviews and questionnaires about
demographics, early child development, and maternal mental health. Within the larger
longitudinal study, interviews with the parents where demographic data were collected took
place when children were six months, one, two, three, and four years of age. At six months, both
parents were invited to the interviews, at one- and three-years, fathers were invited to participate,
and at two- and four-years mothers were invited to take part in data collection. For this study, we
used demographic data from interviews with the mothers when the child was 6 months and 2
years old. We also used observational data from video-recorded mother-child interactions
conducted when the child was 2 years of age. Before the recording started, the interviewer gave
mothers a short overview of the interaction tasks. Observational data were collected during a 6-
minute teaching activity with two tasks. Mothers were presented first with a puzzle and
subsequently with a shape-color sorter toy, and were asked to help their child as much as they
thought necessary with one toy at a time (spending 3 minutes on each task). During the
introduction to the teaching tasks, the interviewer spoke as little as possible directly to the child,
since part of the assessment was to observe how the mother initiated the interactions. Mothers
were repeatedly informed that they could choose to discontinue the tasks at any time. The
interviewer left the room during the tasks and mother-child interactions were video recorded.
After the interaction tasks were completed, the interviewer debriefed the participants and the
child was given a small toy for his/her efforts.

Measures
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Mothers’ spatial support. To measure mothers’ spatial support at age 2, we modified a
rating scale for assessing parental spatial support based on a measure developed by Cannon
Levine, & Huttenlocher (2007), and adapted by Lombardi et al. (2017) to fit the interaction tasks
used in the present study. Evidence suggests that behavior ratings may capture, to a greater
extent, stable features of behavior (see Moskowitz & Schwarz, 1982), and have been used in
prior studies of parental spatial support (Lombardi et al., 2017; Casey et al., 2014).

The current measure of spatial support assesses the extent to which the parent (i) verbally
and (ii) through gestures and placement of objects supports the child’s performance, exploration,
and understanding of spatial visualization concepts. These features were all included in one
single rating, which coders applied to the puzzle and the shape-color sorting tasks, respectively.
In this study, a team of five coders were trained until reliability criteria were met (ICC
above .70) before allowed to code study tapes. To measure inter-rater reliability, 20% of the
tapes were double coded. All the coders were included in the process of measuring inter-rater
reliability, with two randomly selected coders checked for reliability each week during the entire
coding period. Inter-rater reliability was monitored in bi-weekly meetings where disagreements
were discussed and solved. Reliability among coders, as measured by Intra Class Correlations
(ICC) was high (ICC = .84 for the puzzle task and ICC= .86 for the shape-color sorting task).

Broad categories of spatial language terms were taken from Cannon and colleagues
(Cannon, Levine, & Huttenlocher, 2007). Categories of spatial language include words denoting
orientations and transformations (e.g., upside down, flip), spatial dimensions (e.g., deep, small),
positions and directions (e.g., underneath, behind), as well as shape labels (e.g., triangle), spatial
features and properties (e.g., straight, flat). Non-verbal parental spatial support behaviors include

the quality of parental gestures (e.g., pointing to key spatial locations), and placement of objects
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to facilitate the child’s spatial learning (e.g., moving puzzle closer to the correct slots). Spatial
support was coded from 1 (none) to 5 (very high) similar to Lombardi et al. (2017). (See Table 1
for descriptions and examples of the different codes.)

Insert Table 1 about here

A high quality spatial interaction for the puzzle task would involve statements/gestures
like the following: (1) “Try placing it next to that one, now it is upside-down, you need to turn it
around, that’s it, yes, great!”; (2) “Try above the tractor, it’s upside-down, try the other way.”’
The child fails; mom rotates the piece, and places it next to the puzzle. The child can now make
the final move to fit the piece, and mom praises, “Good job.” For the shape-color sorting task,
the following two high quality examples are provided: (1) “And then you have to place them
back again, remember, the red blocks were in the top row, ” (2) The child tries to fit another
block (but not in the right hole) and mom says, “No, that one doesn 't fit, what's this then?” and
she points to the hole where the child tries to fit the block. The child says, “Circle”, mom replies,
“Yes, it is”. Then mom points to the hole where the block will fit, and says, “And what is this?”
The child answers “Triangle,” and is able to fit the block in the right hole. These examples were
taken from our study tapes.

Math skills (screening test). In the spring of second grade, results from a screening math
test were available for a subsample of 513 children. These children attended public schools in the
five municipalities originally included. The screening test was designed nationally and was
intended to help identify children who are underperforming and might need special attention
from the teacher. The test assesses general ability to count, compare and rank numbers, work
with number sequences, and perform addition, subtraction, and simple division operations. The

test includes 15 problem sets with 1 to 4 math problems contained within each problem set.
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Examples of problems in the sets include identifying and counting geometrical forms, counting
objects and placing the sum on a number line, identifying the greatest value out of three options,
simple addition, and identifying half the value of a sum of coins (multiple-choice). In total,
children complete 55 problems.

Every teacher was responsible for carrying out the test in her/his class and received an
instruction manual; children completed the screening as a class. The teachers gave a general
instruction at the start of the test, and then read out standardized instructions for each test page
(each page contained a single problem set). Students took a break after the first 7 problem sets.
The whole test took about 45 minutes to an hour to complete.

The number of correct answers within each of the 15 problem sets was summed. Because
the test was designed to identify children with difficulties, test score distributions were skewed
with about 11% of children in our sample attaining the top score (55 correct responses), while
the 50™ percentile had 50 correct responses, and the 75" percentile had 53 correct responses. In
order to reduce measurement error in the math screening test, we fitted a measurement model
based on the within problem set sums, using Confirmatory Factor Analysis with categorical
indicators and a Weighted Least Squares Mean and Variance adjusted estimator. The
measurement model fit the data well, 2 (105, N = 513) 3394.55, p <.001; CFI = .99, TLI = .99,
RMSEA = .03. It was correlated .88 with the sum of the 15 problem set sums, and .67 with the
teacher rated math performance described below. We used the resulting latent measurement
model as an outcome variable in further analyses.

Math skills (teacher rated). We also included another math assessment, a measure of
math teacher ratings. Near the end of the Fall semester in second grade, children were assessed

with the Social Skills Improvement System Rating Scales (SSIS-RS; Gresham & Elliott, 2008).
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The SSIS-RS are designed to assess social skills, problem behaviors, and academic competence
in children/youth from 3 to 18 years. On the academic competence scale, teachers rate students
in areas such as reading/writing, math, and motivation. For this study, we used the item covering
children’s performance in math. Specifically, teachers were asked how a given child rated in
terms of expectations for their grade level in math on a 5-point scale (1 = the lowest 10%, 2 = the
next lowest 20%, 3 = the middle 40%, 4 = the next highest 20%, 5 = the highest 10%). High
stability has previously been found in how teachers place children in these broad performance
categories (Gresham & Elliott, 2008). The validity of teacher-rated performance can be inferred
from a meta-analysis of 73 studies, which found an overall correlation of .63 between teachers’
ratings of student performance and standardized test scores (Stidkamp, Kaiser, & Mdéller, 2012).

Teachers’ ratings of social competence. To control for teacher bias, in our robustness
checks, we included second-grade teacher rating of children’s social competence. We used the
mean score of the full social competence scale from SSIS-RS (SSIS-RS; Gresham & Elliott,
2008). Internal consistency measured by Cronbach's Alpha was .96. This scale has been
previously used in studies about the validity of teacher reports of children’s academic skills (e.g.,
Baker et al, 2015).

Covariates. Demographics collected at 6 months included child gender, maternal
education, marital status, maternal age, and immigrant status. In second grade, data were also
collected on child exact age at outcome testing.

We controlled for maternal symptoms of depression and anxiety by taking the mean score
of the 13-item version of the Hopkins Symptom Check List (Strand, Dalgard, Tambs, &
Rognerud, 2003). This measure was collected when the child was 2 years of age. Internal

consistency measured by Cronbach's Alpha was .91.
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To adjust for observed confounders related to children’s verbal ability, we included also
the communication scale of the Ages and Stages Questionnaire (ASQ); Bricker & Squires, 1999),
which assesses the overall risk for delayed language development based on parent report. For the
purpose of this study, we used the 24-month form of the Norwegian version (Janson & Smith,
2003).

Teaching activities, involving both the puzzle and shape-color sorting tasks, were also
coded for the purpose of assessing mothers’ general cognitive support, with global ratings
assigned, using the NICHD’s Study of Early Child Care and Youth Development (SECCYD)
scales Qualitative Ratings for Parent-Child Interactions Ages 2-4 Years (Owen et al., 2010).
This observational rating system was designed to assess multiple maternal parenting dimensions
including support of a wider range of cognitive concepts (not just those related to spatial
visualization skills). This extensively-used rating system assessing general parental cognitive
support that has been found to be predictive of children’s cognitive development (NICHD Early
Child Care Research Network (ECCRN), 2003; NICHD Early Child Care Research Network
(ECCRN, 2008)). In this study, we used the rating of mothers’ general cognitive stimulation
during the teaching activities (available as a single score for both puzzle task and shape sorting
task). This scale measures the degree to which the parent tries to foster the child’s development
by taking advantage of activities and engaging in a variety of actions that can facilitate learning.
The focus is on the level of actions that may enhance perceptual, cognitive, linguistic, and/or
physical development. Cognitive stimulation was rated on a Likert scale from 1 (not at all
characteristic) to 5 (highly characteristic). In this general support measure, attempts to focus the
child on an object or task, or simply labeling the attributes of objects (i.e., their colors), are

regarded as stimulation, but of lower quality, whereas presenting activities step by step (e.g.,
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“First we gather all the pieces, then we can see where they fit”), or encouraging child to use
language (e.g., “Why don’t you label the animals for me?”) are regarded as better quality
support. Five trained coders rated the mother-child interactions. Inter-coder reliability was
monitored in bi-weekly meetings; 20% of the tapes were blindly assigned and double coded.
Inter-rater reliability for the cognitive stimulation score as estimated by ICC was .79.

In addition, a covariate to control for child independent task completion during mother-
child interactions was included in the analyses. The purpose of this control was to avoid
penalizing mothers who might have provided effective support but who had children who solved
the task on their own and did not need any spatial support. For that purpose, we created a dummy
variable for each task resulting from combining level of spatial support (1-5) with task
completion (1 = not at all; 2 = to a little extent; 3 = to some extent; 4 = to a great extent). If the
child had received none or little spatial support (< 3) but managed to complete the task anyway
(4), we assigned them a 1 (completes task without help) and otherwise a 0.

Finally, we controlled for total frequency of maternal talk during the puzzle task and the
shape sorting task to isolate the specific effect of spatial maternal talk. The frequency of
mothers’ talk was derived from real time micro coding of the mother-child interaction (see
Nordahl, Duckert, & Bjelland, 2007), where the number of verbal utterances was summarized.
Five coders were trained until they reached reliability criteria (Cohen’s Kappa above .70) before
they coded study tapes. Reliability among coders was attained for the teaching activity as a
whole (including both the puzzle task and the color-shape sorting task). A total of 20% of the
tapes were compared pairwise among all coders for different pairs of coders. Agreement among
coders was .90. Overall inter-rater reliability, measured by Cohen’s Kappa, was .75.

Analytic Strategy
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We tested our hypotheses with linear regression models. For analyses including the
screening test, we ran structural models with a latent y-variable and observed x-variables. The
analyses including teacher ratings, were specified with observed y- and x-variables. We
estimated separate models for all outcomes. Our regression models were conditioned on a set of
covariates listed in Table 2, in addition to municipality of recruitment (dummies for four out of
five municipalities in Southeast Norway) and birth cohort (dummy coded). We accounted for
school clustering in all our models (using the TYPE = COMPLEX command in MPLUS to
account for nesting). To test the differential associations as a function of maternal education, we
conducted a second set of analyses including interaction terms (the product of maternal
education and spatial support ratings).

One feature of our analyses is of particular note. Our spatial tasks were designed to be too
difficult for 2-year-olds to accomplish on their own, and thus require maternal support.
Nevertheless, some children completed it without any support. Assuming that mothers were
sensitive to their children’s skills and their need for support, these mothers might have refrained
from interrupting children who they knew were capable of completing the task independently.
These children could potentially confound our estimates, having early advanced spatial skills and
also subsequent good math skills. To account for this, and as mentioned above, we constructed a
dummy variable, coded “1”: children who completed the task with little or no spatial support
from their mothers, and “0”: otherwise. We conditioned all the main analyses (math outcomes,
i.e., math skills rated by teachers and math skills assessed by the screening test) on this variable.

In all of our analyses, we controlled for all covariates described above (i.e., child’s

variables: gender, exact age at testing, verbal ability at age 2; mother’s variables: education, age,
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marital status, west/non-west-immigrant status, symptoms of depression, frequency of talk and
general cognitive stimulation).

When estimating the predictive value of maternal support specific to spatial skills, we
controlled for domain-general maternal cognitive stimulation. By controlling for this variable, we
were able to distinguish the effect of domain-specific spatial support from the effect of overall
cognitive support, similarly to what has been done in previous studies (e.g., Casey et al., 2014).
This accounts for the global level of support, and allowed us to isolate the unique association
between spatial support and math skills. At the same time, this is an indirect way to control for
general maternal characteristics, which may confound the specific effect of maternal support of
spatial skills. Likewise, we also controlled for total frequency of maternal general talk in all
analyses.

Missing Data

As we restricted our analyses to those children for whom we had a valid school
identification number (n = 932), missing data were infrequent on the teacher-rated outcome and
background variables. For spatial support in mother-child interaction tasks, about 17% of the
data were missing, while as much as 45% of the data were missing on the math screening test. To
handle missing data, we used the FIML (Full Information Maximum Likelihood) estimation in
all analyses involving teacher-ratings.

Missing data on the math screen test (n = 419, or 45% of the analytical sample) were due
either to children attending a school in a different municipality, not having taken the test, or
attending a private school. For the analyses including the math screening test, the estimator used
was the WLSMV (weighted least squares means and variance adjusted), which accounts for

missing data in a substantively similar way. The FIML is a recommended approach for handling
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missing data, even when missingness rates are higher than those in the present study (Allison,
2002). Regarding the estimation of missing data on the outcome variable, this has been a topic of
some debate. We do, however, follow recent best practice and estimate accounting for missing
data also on the Y. (please see Little, Lang, Wu, & Rhemtulla, 2016,

or https://modeling.uconn.edu/wp-content/uploads/sites/1188/2016/05/Don’t-be-Fancy.-Impute-
Your-Dependent-Variables.pdf) for an argument. This approach is consistent with
recommendations by Graham (2009) and Allison (2002). Regarding the estimation of missing
data on the outcome variable (), this has been a topic of some debate. We do, however, follow
best practice recommendations and account for missing data also on the outcome variable

(see Little, Lang, Wu, & Rhemtulla, 2016, or https://modeling.uconn.edu/wp-
content/uploads/sites/1188/2016/05/Don’t-be-Fancy.-Impute-Your-Dependent-Variables.pdf) for
an argument. This approach is consistent with recommendations by Graham (2009) and Allison
(2002).

It is useful to note, however, in Appendices F and H, we also included a regression
analysis for both teacher ratings and math screening test scores using listwise deletion to handle
missing data, and obtained a similar pattern of findings.

Moreover, we have conducted comparisons between those participants for whom we had
math test scores with the remaining participants. Participants with available test score data were
less likely to have a non-western immigrant background, received higher levels of general
cognitive stimulation, had mothers who were older, more educated, more likely
married/partnered and with lower levels of depression. No differences were found for levels of
support received on the puzzle or shape sorting task, child verbal ability at age 2, exact age at

math testing or mothers’ talk frequency (see Appendices B e C).
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As a very last step, we used sensitivity analyses to address the robustness or fragility of
results in light of potential unobserved selection effects (Dearing & Zachrisson, 2019). To do so,
we used the coefficient of proportionality method (Oster, 2019). This method provides an
indication of how large the impact of unobserved selection factors would need to be relative to
unobserved variables to nullify results. For our sensitivity analyses, we assume a maximum R
square of .7 for the math outcomes. We base this decision on the square of the lower bound of
test-retest reliability (i.e., .85) of a widely used achievement test (The Woodcock-Johnson; see
Woodcock, 1997), as this represents a likely upper threshold for the R square that can be
explained in early grade mathematics tests (see Dearing & Zachrisson, 2019, for further details
on this assumption).

Results
Descriptives

Demographic characteristics, as well as maternal spatial support and math achievement
descriptive data, are displayed in Table 2. Spatial support in the puzzle task, as well as the
general cognitive stimulation rating, had mean scores close to the median category on the rating
scale (i.e., 3), and were approximately normally distributed. Moreover, teacher rated math
achievement was slightly negatively skewed, while the math screening test was strongly
negatively skewed, as can be seen from the descriptives for the raw sum score. Given that the
focus in the present study was to use a screening measure to assess children at risk for math
problems, this skewed bias was likely.

Our main correlations of interest (that is, both between and within our predictor and
dependent variables), were as follows: support in the puzzle task correlated with teacher-rated

math achievement (r =.07) and with math screening test scores (r =.09), and support on the
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shape sorter task correlated with teacher-rated math achievement (r = .08) and math screening
scores (r =.05). The two types of maternal support measures (support on the puzzle and shape
sorting tasks) correlated .42 with one another, sharing 18% of the variance. The two dependent
measures, math screening test scores and teacher math ratings were more strongly correlated (r
=.67), sharing .45 of the variance. For a full correlation matrix, see Appendix D.
Insert Table 2 about here

Regression Analyses

In our main set of models, we estimated the association between maternal spatial support
and math screening scores at the end of second grade. We used latent outcomes in a SEM
framework, as mentioned in the analytic strategy section and including all the covariates. We
found that mothers who provided a higher level of spatial support in the puzzle task had children
who scored significantly higher on the math screening test with effect size r,=.08, p =.03. In
contrast, for the shape-color sorting task, a feature discrimination task, for which parental
predictions were not clear, we found no significant effects of maternal support on later math
ability. For both tasks, there were no significant interactions by maternal education (see Table 3;
full models with covariates can be found in Appendices E and F).

Insert Table 3 about here

Additionally, we ran some analyses including teacher-ratings as a measure of math skills.
We estimated the association between maternal spatial support at age 2 and teacher-ratings of
math achievement in second grade. Spatial support from mothers on the puzzle task did not
significantly predict teacher-rated math. There was a statistically significant (negative)
interaction with maternal education (see Table 4). The association between mothers” spatial

support and teachers” math ratings was strongest for children of mothers with lower education.
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Nevertheless, this result did not hold up when we conducted a robustness check to help address
potential teacher-report biases, that is, teachers rating students who are more socially competent
(e.g., more attentive, smiling, agreeable) as having higher mathematical abilities (see Table 4,
Model 3; full models with covariates can be found in Appendices G-I). When controlling for
teacher ratings of social competence, the interaction between spatial support and maternal
education was no longer statistically significant for teacher ratings. Neither main effects nor
interaction effects were found when spatial support on the shape-sorting task was used as
predictor of teacher-rated math achievement.
Insert Table 4 about here

Sensitivity Analyses

In the analyses described above, there is one association, which is statistically significant,
between maternal stimulation in the puzzle task, and the math screening measure. We therefore
focus our sensitivity analysis on this association. This analysis indicated that in order to nullify
the association, unobserved covariates would need to explain more than 3 times the amount of
variance explained by our observed covariate set. Juxtaposed with published benchmarks for
robustness (Oster, 2019), our results appear highly robust to potential omitted variable bias.

Discussion

In this study, we added to the limited literature on how mother-child interactions in early
childhood are associated with long-term mathematical outcomes. Our main aim was to
investigate whether the quality of maternal spatial support during interactions at age 2 was
associated with reduction in math difficulties in second grade. We analyzed mother-child puzzle
play interactions, found in the literature to be related to spatial visualization skills (Casey, Erkut

et al., 2008; Levine et al., 2012; Pruden et al. 2011), and mother-child play with a shape-color
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sorting task, which is more associated with shape and color feature discriminations than spatial
visualization skills. Moreover, we investigated whether the relation between early maternal
spatial support and math skills was moderated by maternal education. We used ratings of
maternal spatial support including language, gestures, and object placement used when helping
children complete manipulative play toys with the aim of capturing the quality of spatial support
that mothers may be providing in the home environment.
Early Maternal Spatial Support and Math Screening Scores in Second Grade

Our main finding was that higher maternal spatial support during early mother-child
interactions on a puzzle play task was significantly associated with fewer math difficulties in the
children on a math screening test in second grade - a test designed to identify children at risk for
poorer math skills. This is important because these are children vulnerable to failure in math, and
researchers have found that math experiences and competencies prior to school entry are one of
the most powerful predictors of later math and life successes, even stronger than reading skills
(Duncan et al., 2007). In fact, it has been found that low levels of early math knowledge
negatively impact the odds of graduating from high school and attending college, as well as
income and health outcomes during adulthood (Currie & Duncan, 2000; Feinstein & Bynner,
2004; Geary, Hoard, Nugent, & Bailey, 2013). Thus, it is meaningful and relevant that maternal
spatial support on a puzzle task as early as 2 years of age was positively associated with math
scores assessed five years later. This finding establishes a longer-term association between early
maternal spatial support and math achievement, in the lower range, than has been found before.
Note, however, that this finding does not imply cause and effect because these are only

correlational data.
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These findings on puzzle play with toddlers are consistent with the prior research study
showing an association between early parental support of block building skills at 3 years of age
and math assessed at ages 4 to 6 (Lombardi et al., 2017). Our findings contribute to the field by
showing that maternal spatial support during yet another type of joint spatial visualization
activity (a puzzle task) contributes to later math skills.

We also investigated the effect of maternal spatial stimulation with another type of math-
related lay toy usually found in homes, a shape-color sorting toy, for which we had no clear
predictions based on the literature. This type of play toy focuses more on labeling and matching
prototypical shapes involving circles, triangles, and squares, which could be labeled based on
their verbally identifiable features (e.g., number of sides and corners) as well as color (Verdine,
Bunger, et al., 2017). In fact, no effects of maternal spatial support on later math scores were
found for this task.

Puzzle tasks involve spatial visualization skills because they depend upon the ability to
visualize, mentally manipulate, and rotate irregular shapes (without easily identifiable verbal
labels). Puzzle tasks might therefore depend more on skills relating to image generation,
manipulation and transformation, as opposed to shape-color sorting tasks. Puzzle tasks may give
an advantage in providing a context for eliciting maternal spatial support with the potential to
predict solving math problems because, in contrast to spatial feature tasks, they draw on another
type of cognitive process involving use of images rather than just verbal categorization and
logical deductive reasoning.

In contrast, skill on shape-color sorting tasks may be more dependent on learning feature
discrimination and classification. Both puzzle tasks and shape-color sorting tasks are considered

to involve pre-math skills, and math skills prior to schooling have been found to be associated
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with both later math and reading (Duncan et al., 2007). However, a review of the literature across
ages has shown that the type of spatial activities that tap spatial visualization abilities are the
types of spatial activities that are most likely to predict math skills (Mix & Cheng, 2012). Thus,
the present findings are consistent with the literature on the specificity of visualization skills in
predicting math.

These results also contribute to the field because they extend these predictive associations
over a longer time-span, from experiences in toddlerhood all the way to math performance in the
second grade of elementary school. This study thus adds to the literature by providing one of the
first empirical examinations showing that strong maternal spatial support as early as 24 months
of age was predictive of fewer math difficulties five years later. These findings suggest that
mother-child spatial interactions may potentially provide an avenue for designing future parental
interventions in children’s early math development.

Another major advantage of this study on parental support specific to spatial skills is that
both general maternal cognitive support and total frequency of maternal language during the
videotaped teaching activities were statistically controlled. These controls help reduce the
likelihood that the maternal support measure on the puzzle task was simply assessing mothers’
general level of cognitive support on joint play activities, as well as the possibility that the
maternal spatial support measure was just assessing total amount of language stimulation
provided by the mothers across the two teaching activities.

Supplemental Analyses Including Teacher-Ratings

A statistically significant interaction between spatial support and maternal education was

initially found when children’s math skills were assessed through teacher ratings. When math

performance was rated by teachers, spatial support during the puzzle task was found to be more
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strongly associated with later math skills for children of mothers with lower education in
comparison to the higher education group. This result is in line with previous studies in which
family engagement in schooling and enriched child care environments have been shown to
correlate particularly strongly and positively with the achievement of children with less educated
parents (Dearing, Kreider, Simpkins, & Weiss, 2006; VVotruba-Drzal et al., 2004).

Nevertheless, it is important to note that this interaction was no longer statistically
significant in robustness checks when controlling for teacher-ratings of social competence, a
proxy for teacher biases in possibly giving higher math scores to more socially proficient
students. Because we were careful to include measures of teachers’ ratings of children’s social
competence as well as math competence, we found that the teacher ratings of math competence
were confounded by their view of children’s social skills. Thus, in future research using teacher
ratings of academic performance, it will be important to control for the more general effect of
teachers’ biases as a potential confounding factor in their ratings of school achievement. For
example, Kilday et al. (2012) found a concordance of .50 between teacher ratings of math
achievement and direct assessments of math skills. The results were interpreted by the authors as
moderate usefulness of teacher ratings, that is, they are useful in determining whether children
are above or below the mean, but they may lack accuracy in terms of appropriate rating of the
students. This could be related to the lack of familiarity with specific behavioural markers for the
demonstration of general math skills. For example, teachers are slightly better at rating children
in terms of their number sense than their skills in geometry and measurement. This could be
because teachers are more familiar with recognizing children’s number-sense skills than those in
geometry and measurement (Kilday et al., 2012). It is important to note that our measure of

social competence is not a measure of social desirability, but of halo effects, where students who
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are perceived as more socially competent would be rated as having higher academic skills.

Future studies should address social desirability issues and their role in teachers’ self-reports.

Limitations and strengths

It should also be noted that our spatial support ratings were based on only two 3-minute
observation with 2-year-olds. This may have introduced measurement error into the maternal
support ratings, and consequently, these results need to be replicated using maternal-child
interactions of a longer duration. However, other parent-child research involving similarly brief
interactions has also successfully shown predictive relations between early parental behavior and
later cognitive performance. While a number of these studies have used interactions of 10-15
minutes (Martin, et al., 2007; NICHD Early Child Care Research Network, 2008), others have
used shorter time intervals of 5 minutes during interactions with 3-year- olds (Devine, Bignardi,
& Hughes, 2016; Lombardi et al., 2017). Importantly, the short duration of the observation
should weaken (not strengthen) our attempt to detect associations with later math outcomes,
underscoring the potential importance of the associations that we did detect. In addition, we also
point out as a limitation that we have not counterbalanced the order of presentation of the puzzle
and the shape sorting tasks, i.e., all dyads completed the puzzle task in the first place. These
interactions were initially devised as a common teaching task in the original NICHD SECCYD
global ratings but for spatial ratings, there was the a priori need to analyze the two tasks
separately, since, as explained in the introduction, they tap very different spatial and pre-math
skills. It is possible that mothers and children were less engaged in the second task (shape sorting

task) and that this might have affected the levels of spatial support provided.
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Although the observational nature of this study is an advantage in relation to other studies
using parent self-report of stimulating activities (e.g., Kroll & Borck, 2013), we acknowledge
that we have, as in many observational studies, captured a sample of mother-child interaction
behaviors, which might have been influenced by the artificial context or specific isolated factors
like mood, amount of sleep and so on. Thus, we assumed maternal spatial support during the
puzzle and shape sorting tasks would reflect the amount of spatial talk children would typically
be exposed to daily in the home context. Exposure to spatial talk, in turn, would be associated
with facilitation of spatial thinking and spatial reasoning ability, which would relate to
development of pre-math skills. In fact, previous studies have provided evidence that variations
in spatial language children hear, which directs their attention to important aspects of the spatial
environment, may be one of the mechanisms contributing to differences in spatial skills (e.g.,
Ferrara, Hirsh-Pasek, Newcombe, Golinkoff, & Lam, 2011). Moreover, variability in spatial
language input has been found to predict the amount of spatial language children produce, even
when controlling for overall parent language input (Pruden et al., 2011). We should also point
out as a limitation that our study lacked a measure of children’s spatial skills, which would
enable us to further corroborate this link between spatial language inputs from the parents and
children’s spatial language and reasoning.

Another limitation in terms of the generalizability of our study concerns our math
outcome measure. The use of a national math screening test provided a precise estimate of math
difficulties, but addressed variability within a more restricted range of children, as it was
designed to detect students who may be at risk for math problems. Therefore, our results cannot
be generalized to findings relating to wider measures of math skills. We have included also an

additional measure of teacher ratings of wider math ability, for which we had a wider coverage.



33

Teacher ratings are less precise estimates of ability, despite the advantage of presenting a more
normal distribution and including a larger range from very low to very high achievement.
However, in this study, teacher-ratings were found to be prone to social desirability biases. Thus,
our key findings can be most likely generalized to children who are having math difficulties.
Future research is necessary to determine whether this association is relevant across a wider
range of math abilities, and whether the findings relate specifically to math skills or are
predictive of academic performance more generally. Another limitation of our study is the lack
of a direct measure of general intelligence or verbal skills, beyond the ASQ, which assesses
parental report of the overall risk for delayed language development at age 2.

Finally, we acknowledge as a critical limitation of our study the fact that we did not
control for quality of math instruction in the classroom. Although these students were exposed to
formal math teaching for only one and a half years, it is possible that the effect of math
instruction would have overshadow the effect of spatial and pre-math experiences in the home
prior to school entry.

The use of a very large longitudinal sample and rich observational data coded for spatial
support while controlling for a series of child and maternal variables that have been associated
with children’s math achievement are critical strengths of this work. The fact that we were able
to control for general cognitive support and frequency of talk in all analyses enabled us to
distinguish the contributions of spatial support from overall cognitive support (e.g., Casey et al.,
2014). In other words, the key stimulation that matters is likely to be spatial - not just general
cognitive stimulation. Although cause and effect conclusions cannot be made from correlational

findings, these results suggest a direction for designing future interventions that explore the use
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of parental spatial support involving puzzles, which provide a good context for spatial support,
as a potential route for improving the math skills of children who are at risk for poor math skills.
Conclusions and Implications

This study supports the association of maternal spatial support during a puzzle task with
toddlers with a screening test identifying children at risk for poor math skills as late as second
grade. Spatial visualization tasks, such as puzzles, may provide the context to stimulate spatial
thinking and reasoning abilities that are associated with math ability in the long-term. We are
certain that we have not accidentally just captured “good parenting” in the form of general
cognitive stimulation or high frequency of talk directed to the child, as these factors were
controlled in the study. Further, while maternal spatial support of children’s interactions with a
puzzle toy predicted later math skills, support with shape-color sorting tasks did not. These
findings establish preliminary evidence of the long-term association between spatial visualization
support in toddlerhood and reduced math difficulties in second grade. The findings raise
awareness of the potential for fostering spatial skills in play activities at home, encouraging

parents to facilitate spatial concept development during joint puzzle play.
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Table 1: Ratings of maternal level of spatial support for the puzzle and shape-color sorting tasks

Rating

Maternal spatial support

Examples

Puzzle task

Shape-sorting task

(1) None

Does not support the child’s
spatial learning and may focus
on other aspects of the tasks
such as colors instead of
shapes, or may be silent or
withdrawn and not provide any
kind of support.

(2) Low

Provides very occasional and
infrequent spatial language or
gestures and does not explain
the purpose of the task.

Mom places a puzzle
piece near the correct slot
or matching puzzle piece
but does not direct the
child’s attention to it or
explain why.

The parent refers to the
different shapes but does
not explain how the
shapes have to be put into
the sorting tray.

(3) Moderate

Sometimes uses spatial
language or gestures to support
the child. Mom may also
explain the purpose of task by
modelling or use of language.

“That one was too big.”

“That’s a square, and
there you have a triangle.
Maybe you should try it
in the triangle [hole].”

(4) High

Frequently uses clear spatial
language and/or gestures; gives
good suggestions and strategies
for approaching spatial task
effectively.

“The space for this
puzzle piece has an
animal with a tall head.
Can you find a puzzle
hole that has a tall part?”

"The piece you are
holding has a circle at the
bottom. Here is the circle
on the board. Can you
put your circle here?"

(5) Very High

Similar to “High” rating, but
mom is clearly seeking to
stimulate a higher level of
mastery or sophistication in the
child’s spatial concepts.

“If you hold the piece
like this and place it over
each of the holes
(demonstrates over
different holes), you can
see where it goes.”

“It needs to be in the
same row as the blue
block, where does the
blue circle go?” Mom
points, and says, “There,
right next to the red
circle”.




Table 2

Summary of demographic characteristics, maternal support, and math achievement (N = 932)

% Missing % / M(range) SD

Child, family & maternal characteristics

Boy .00 50.60 -
Maternal education (years) .90 14.47(9-18) 2.51
Maternal age .23 31.26(19-42) 4.64
Verbal ability (age 2) 1.02 2.31(.55-3.00) 0.39
Western immigrant 1.02 6.27 -
Non-Western immigrant 1.02 5.25 -
Single mother 3.61 6.44 -
Maternal depression 4.83 1.33(1-3.62) 0.41
Maternal support
Spatial support on puzzle task 16.20 2.79(1-5) 0.80
Spatial support on shape-color sorting task 16.74 2.86(1-5) 0.83
Talk frequency 21.59 49.57(14-88) 9.95
General cognitive stimulation 16.20 2.90(1-5) 0.67
Math — Outcome Measures
Teacher-ratings second grade 7.62 3.59(1-5) 1.10
Test screening scores second grade (latent) 49.12 -.15 0.31

Test screening scores second grade (raw) 44.95 47.81 (11-55) 8.01
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Table 3
Regression model for the association between maternal spatial support at age 2 and the math

screening measure in second grade (n = 932)

Model 1 Model 2
(interaction)

Puzzle task Coeff (SE) p Coeff (SE) p

Spatial Support .08(.04) .03 .09(.04) .02

SS x Maternal Ed. - - -.03(.06) .56
Shape sorting task

Spatial Support .03(.04) 42 .03(.05) 52

SS x Maternal Ed. - - -.02(.07) .83

Note. SS = Spatial Support. The following covariates were included in the model: child gender, child exact age at outcome
testing, child verbal ability (age 2), maternal education, maternal age, maternal marital status, maternal immigrant background,
maternal depression, maternal frequency of talk, maternal general cognitive stimulation, cohort.



Table 4
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Regression model for the association between maternal spatial support at age 2 and teacher

ratings of math achievement in second grade (n = 932)

Model 1 Model 2
(interaction)

Model 3
(interaction *)

Coeff(SE) p Coeff(SE) p

Coeff(SE) p

Puzzle task
Spatial Support .05(.04) 20 .07(.04) .06 .06(.04) .08
SS x Maternal Ed. - - -.07(.04) .04 -05(03) .13
Shape sorting
task
Spatial Support .07(.04) 10 .07(.04) 10 - -
SS x Maternal Ed. - - -.01(.04) I5 - -

* Robustness check controlling for teacher ratings of social competence

Note. SS = Spatial Support. The following covariates were included in the model: child gender, child exact age at outcome
testing, child verbal ability (age 2), maternal education, maternal age, maternal marital status, maternal immigrant background,

maternal depression, maternal frequency of talk, maternal general cognitive stimulation, cohort.
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teacher ratings of math achievement in second grade (n = 692, Listwise)

Appendix I: Regression model for the association between maternal spatial support at age 2 on
the puzzle task and teacher ratings of math achievement in second grade, controlling for

teacher rated social competence
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Appendix A: Comparison of sample included and excluded

Children included in our study sample did not differ from children for whom we had no school id
(n =225) in predictors or outcome variables. There were no differences in term of spatial support
in the puzzle (t = -.64, p > .05) or in the shape sorting task (t = -1.20, p > .05), nor for the
outcome variables math screening test (t =-1.02, p > .05) or teacher-rated math achievement (t
=.44, p > .05). Moreover, no differences were found in terms of child variables like gender (2
=.006, p > .05), overall risk for delayed language development (t = 1.90, p > .05), western
immigrant status (vs. Norwegian) (y2 = 1.70, p > .05). However, significant differences were
found for maternal education (t =-4.63, p < .01), with lower levels of education among those
excluded. Also, excluded mothers were younger than mothers retained in our sample (t =-4.82, p
<.01), and more likely to be single (y2 = 7.45, p < .01) and to have higher levels of anxiety and
depression (t = 2.95, p < .01). Moreover, excluded families were more likely to have non-
western immigrant status (vs. Norwegian) (2 = 4.79, p < .05) and mothers who provided less

general cognitive stimulation (t = -2.84, p < .01).



Appendix B: Chi-square test differences between the full sample and the sample with Math test scores

Y2 d.f. p
West immigrant 2.20 1 0.14
Non-west immig. 9.10 1 .003
Single 13.79 1 .00
gender 1.09 1 .30
Cohort 1 6.70 1 .01
Cohort 2 1.15 1 .28

Table C: t-test differences between the full sample and the sample with math test scores

t-value d.f. p
Support puzzle task -1.08 901 .28
Shape sorting task -1.44 899 15
Maternal Ed -5.69 1142 .00
Maternal age -6.66 1148 .00
General cognitive stim -3.43 906 .00
Verbal ability (age 2) -1.45 1059 15
Maternal depression 3.93 1046 .00
Exact at testing -1.48 890 14
Talk frequency -1.63 906 .10
Appendix D: Correlation matrix for predictors, covariates, and outcomes.
1. 2. 3. 4, 5 6 7 8 0. 10 11 12. 13.
1. Teacher rated math 1
2. Math test screening? .67 1
3. SS on Puzzle task? .07 .09 1
4. SS on Shape-color sorting task? .08 .05 42 1
5. Gender .03 14 -.05 -.06 1
6. Verbal ability (age 2) A7 .09 A5 .16 -.19 1
7. Maternal ed. 15 24 .03 10 -.02 -.06 1
8. Maternal age -.03 .03 .08 .10 .01 .04 .26 1
9. Single mother -.02 -07  -.00 -.04 .01 .01 -19  -17 1
10. West immigrant .08 .05 -.04 -.02 -.06 -.02 .07 .04 .00 1
11. Non-west immig. .01 -.06 -.05 .00 -.02 -.02 -.02 .03 -.00 -.04 1
12. Maternal depression -04 -14 -02 .02 -00 -04 -14 -15 21 -.06 .04 1
13. Talk frequency .06 .06 40 31 .01 .04 .04 A2 .01 -.00 .00 .01 1
14. General cog. stim. .03 -.02 .25 .28 -.07 A5 A1 .05 -.04 -.02 -.05 -.00 24

Notes:SS: Spatial Support. 2Correlations with latent variable. °Partial correlations conditioning on whether the child completed the task without support.
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Appendix E: Regression model for the association between maternal spatial support at age 2 and the math screening measure in second grade (n = 932)

Puzzle task Shape-Color Sorting task
Model 1 Model 2 (interaction) Model 1 Model 2 (interaction)
Coeff (SE) p Coeff (SE) p Coeff(SE) p Coeff(SE) p

Spatial support (SS) .08(.04) .03 .09(.04) .02 .03(.04) 42 .03(.05) 52
SS x Maternal ed. - - -.03(.06) .56 - - -.02(.07) .83
Covariates

Gender .16(.05) .002 .16(.05) .002 .14(.05) .005 .14(.04) .001
Verbal ability (age 2) 11(.04) .01 .09(.04) .02 .11(.04) .01 .09(.04) .02
Maternal ed. .18(.06) .001 .19(.05) .00 .18(.06) .001 .22(.06) .00
Maternal age .02(.06) 73 .02(.06) 72 .02(.06) 75 -.02(.06) .78
Single mother -.002(.06) .98 -.01(.06) 94 .002(.06) .98 -005(.05) .92
West immigrant .03(.04) 44 .03(.04) 53 .04(.05) A4 .04(.05) 42
Non-west immig. -.02(.05) 74 -.01(.05) .85 -.02(.04) .70 -.02(.04) .59
Maternal depression -.10(.04) .02 -.09(.04) .03 .06(.05) .20 -.10(.04) .01
Talk frequency .05(.05) .30 .05(.05) .33 .07(.05) 18 .07(.05) .16
General cog. stim. -.11(.04) .01 -.11(.04) .01 -.10(.04) .02 -.10(.05) .05
Exact age at testing 11(.04) .01 .10(.04) .02 .12(.04) .004 11(.04) .005
Cohort 1 -.21(.08) .01 -.19(.08) .02 -.21(.08) .007 -.18(.08) 12
Cohort 2 -.12(.07) .09 -.12(.07) .09 -.12(.07) .08 -.11(.07) 12

Note.1 Results are based on standardized coefficients and adjusted for small age differences at test date (second grade). General cognitive stimulation was not a significant negative predictor until
amount of maternal talk was also included as a control variable in the analysis, suggesting that this is a suppression effect due to two highly related covariate



55

Appendix F: Regression model for the association between maternal spatial support at age 2 and the math screening measure in second grade (n = 416, Listwise)

Puzzle task Shape-Color Sorting task
Model 1 Model 2 (interaction) Model 1 Model 2 (interaction)
Coeff (SE) p Coeff (SE) p Coeff (SE) p Coeff (SE) p

Spatial support (SS) .11(.05) .03 .12(.05) .02 .03(.06) .59 .03(.05) .56
SS x Maternal ed. - - -.03(.05) .62 - - -.05(.07) 49
Covariates

Gender .21(.05) .000 .21(.05) .000 .19(.04) .000 .19(.04) .000
Verbal ability (age 2) .09(.06) 15 .08(.06) .20 .10(.06) A1 .10(.06) .10
Maternal ed. 24(.07) .001 .25(.08) .001 .24(.07) .001 .25(.07) .001
Maternal age -.05(.06) 45 -.05(.06) 44 -.05(.06) 44 -.05(.06) 44
Single mother .04(.05) .39 .04(.05) 43 .04(.05) 41 .04(.05) .39
West immigrant .06(.05) 22 .06(.05) .28 .07(.05) 21 .07(.05) 49
Non-west immig. -.02(.04) .65 -.01(.04) .78 -.03(.04) A7 -.03(.04) .39
Maternal depression -.09(.05) .05 -.08(.05) .09 -.09(.05) .05 -.09(.05) .04
Talk frequency .01(.06) .84 .009(.06) .88 .05(.06) 39 .05(.06) 41
General cog. stim. -.05(.05) .33 -.05(.05) .35 -.04(.06) 43 -.04(.06) 44
Exact age at testing .12(.06) .05 .11(.06) 07 .12(.06) .03 .12(.06) .03
Cohort 1 -.10(.10) .30 -.10(.10) .33 -.10(.10) .30 -.10(.10) 31
Cohort 2 -.006(.07) .93 -.01(.07) 90 -.006(.08) 94 -.004(.08) .96

Note.1 Results are based on standardized coefficients and adjusted for small age differences at test date (second grade)
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Appendix G: Regression model for the association between maternal spatial support at age 2 and teacher ratings of math achievement in second grade (n = 932)

Puzzle task Shape-Color Sorting Task
Model 1 Model 2 (interaction) Model 1 Model 2 (interaction)
Coeff (SE) p Coeff (SE) p Coeff (SE) p Coeff (SE) p

Spatial support (SS) .05(04) .20 .07(.04) .06 .07(04) 10 .07(04) .10
SS x Maternal ed. - - -.07(.04) .04 - - -.01(.04) 75
Covariates

Gender .07(.04) 10 .07(.04) 10 .07(.04) 12 .07(.04) 12
Verbal ability (age 2) .15(.04) .00 .14(.04) .00 .15(.04) .00 .15(.04) .00
Maternal ed. 17(.03) .00 17(.03) .00 17(.04) .00 17(.04) .00
Maternal age -.07(.03) .01 -.07(.03) .01 -.08(.03) .009 -.08(.03) .009
Single mother -.04(.03) A7 -.04 (.03) .16 -.04(.03) 17 -.04(.03) A7
West immigrant .08(.04) .06 .08(.04) .07 .08(.04) .06 .08(.04) .07
Non-west immig. -.01(.04) 73 -.004(.04) .92 -.02(.04) .62 -.02(.04) .65
Maternal depression -.03(.04) 45 -.03(.04) 43 -.04(.04) .39 -.04(.04) .39
Talk frequency .06(.04) 11 .06(.04) 14 .06(.04) 13 .06(.04) 13
General cog. stim. .006(.03) .83 .003(.03) 91 -.002(.03) .96 -002(.03) .96
Exact age at testing .16(.03) .00 .16(.03) .00 .17(.03) .00 17(.03) .00
Cohort 1 -.11(.05) .05 -.11(.05) .05 -.10(.05) .05 -.10(.05) .06
Cohort 2 -.05(.06) .36 -.05(.06) .36 -.05(.06) .35 -.05(.06) .35

Note. Results are based on standardized coefficients and adjusted for small age differences at test date (second grade)
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Appendix H: Regression model of the association between maternal spatial support at age 2 and teacher ratings of math achievement in second grade (n = 692,
Listwise)

Puzzle task Shape-Color Sorting Task

Model 1 Model 2 (interaction) Model 1 Model 2 (interaction)

Coeff (SE) p Coeff (SE) p Coeff (SE) p Coeff (SE) p
Spatial support (SS) .05(04) 12 .08(.04) .04 .07(04) .09 .07(04) .09
SS x Maternal ed. - - -.06(.04) 10 - - -.01(.03) 7
Covariates
Gender .09(.04) .02 .10(.04) .02 .09(.04) .03 .09(.04) .03
Verbal ability (age 2) .14(.05) .004 .14(.05) .005 .15(.05) .002 .14(.04) .003
Maternal ed. .16(.04) .00 .16(.04) .00 .16(.04) .00 .16(.04) .00
Maternal age -.07(.03) .02 -.08(.03) .02 -.08(.03) .02 -.08(.03) .02
Single mother .004(.03) .90 .004 (.03) 91 .003(.03) 93 -003(.03) .92
West immigrant .09(.05) .07 .08(.05) .08 .09(.05) .07 .08(.05) .07
Non-west immig. .03(.03) 40 .03(.03) .32 .02(.03) 51 .02(.03) .50
Maternal depression -.02(.04) 12 -.02(.04) .69 -.02(.04) .63 -.02(.04) .63
Talk frequency .04(.04) .33 .04(.04) .38 .04(.04) 37 .04(.04) 37
General cog. stim. .008(.03) .80 .005(.03) .88 .003(.04) 94 .003(.04) .94
Exact age at testing .14(.04) .00 .14(.04) .00 .15(.04) .00 .15(.04) .00
Cohort 1 -.10(.06) 10 -.10(.06) .09 -.10(.06) 11 -.10(.06) A1
Cohort 2 -.02(.06) 71 -.02(.06) 71 -.02(.06) 73 -.02(.06) 73

Note. Results are based on standardized coefficients and adjusted for small age differences at test date (second grade)
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Appendix I: Regression model of the association between maternal spatial support at age 2 on puzzle task and teacher ratings of math achievement in second
grade, controlling for teacher rated social competence

Imputed data (n =930) Listwise (n = 647)
Model 2 (interaction) Model 2 (interaction)
Coeff (SE) p Coeff (SE) p

Spatial support (SS) .06(.04) .08 .08(.04) .04
SS x Maternal ed. -.05(.03) 13 -.05(.03) .16
Covariates
Gender .14(.04) .00 .18(.04) .00
Verbal ability (age 2) 12(.04) .001 .12(.05) .02
Maternal ed. .13(.04) .00 .12(.04) .00
Maternal age -.07(.03) .01 -.07(.04) 07
Single mother -.01(.02) .67 .02(.03) 46
West immigrant .06(.04) A2 .06(.05) 23
Non-west immig. .009(.04) .82 .05(.04) 21
Maternal depression -.03(.04) 46 -.009(.04) 81
Talk frequency .04(.04) 22 .02(.04) .64
General cog. stim. .02(.03) 48 .04(.04) 34
Exact age at testing .14(.03) .00 .13(.04) .001
Cohort 1 -.09(.05) .08 -.08(.06) 18
Cohort 2 -.04(.05) .38 .005(.05) .92
Social competence .29(.03) .00 .29(.04) .00

Note.1 Results are based on standardized coefficients and adjusted for small age differences at test date (second grade)



