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Deal Me In: Playing Cards in the Home to Learn Math

Abstract: Recent meta-analyses have demonstrated a significant association between children’s
early math achievement and their experiences with math at home, including their caregivers’ talk
about math. However, few studies have investigated the relations between caregiver math talk and
children’s learning with experimental designs. Eighty-six children (M =5.0 years) and their caregiv-
ers were randomly assigned to play either a numeracy or a shape card game at home for six weeks.
Data were collected on children’s number and shape knowledge and families” math talk during
gameplay. There was substantial participant attrition (42% did not return completed materials),
however, both an intent-to-treat analysis of the sample that received study materials and a subgroup
analysis of study completers showed that children who played the shape game significantly im-
proved their shape naming and matching skills relative to children who played the number game.
Children who played the number game did not significantly improve their numerical skills relative
to children who played the shape game. Mathematical talk during gameplay varied between fami-
lies but was correlated over time within families. Caregivers” and children’s talk about matching
cards by shape or color predicted children’s learning from the shape game. The results suggest that
despite receiving uniform instructions and materials, there was significant variability in children’s
home math experiences that predicted their learning from the card game.

Keywords: home mathematics environment; mathematical talk; mathematics; numeracy; geometry

1. Introduction

Supporting children’s mathematical development is key to sustaining the workforce
in science, technology, engineering, and mathematics (STEM) fields. Mathematical profi-
ciency at school entry predicts later achievement in secondary school [1], which in turn
may act as a gateway to post-secondary education, STEM degrees, and ultimately STEM
careers [2]. Yet the significant variability in children’s mathematics skills at school entry
points to the role of the home learning environment in early skill acquisition [3-6]. Indeed,
recent reviews have found that caregivers’ attitudes towards math, talk about math in the
home, and provision of math activities in the home are associated with children’s early
mathematics achievement [3,7-9]. However, most previous studies on the relation be-
tween children’s home math experiences and their math skills are correlational in design,
leaving open the possibility of other confounding factors underlying the association. The
goal of the present study is to describe the variability in the home mathematics engage-
ment observed in an experimental intervention and examine whether differences relate to
children’s learning.

1.1. Home Mathematics Environment and Children’s Achievement

The home math environment (HME) includes all aspects of children’s home experi-
ence involving families” engagement in math, including math activities, math talk, and
attitudes and beliefs about math. The HME has been previously measured by parent re-
port of frequency of engagement in activities at home as well as by direct observation, and
measures of HME vary in the range of aspects examined (e.g., types of activities, talk,
attitudes) [9,10]. Overall, findings from recent meta-analyses and systematic reviews
show that there is variability in the HME across families and that the HME positively
relates to children’s math performance [3,7,9].

Within the home math environment, two aspects - games and parent math talk - are
of interest in the current study. Prior research has shown that parent-reported frequency
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of playing math games such as dice games, card games, or board games at home relates
to young children’s math performance [11-13]. In addition, studies that have provided
materials to families have demonstrated that playing math games at home can lead to
improvements in children’s math skills [14,15]. Further, the talk that parents and children
use while playing can enhance children’s learning. For example, findings indicate that
parental talk about numbers and math concepts during game play relates to children’s
math learning [16-18], and that children’s talk about spatial concepts (e.g., shape, location,
orientation) during play with math activities relates to their spatial and patterning abilities
[19].

1.2. Variability Within Low-SES Households

Another consistent predictor of variability in children’s early math proficiency is so-
cioeconomic status (SES). On average, children from lower-income households tend to
have lower math performance at school entry than same-aged children from middle- and
upper-income households [4,20,21]. However, children from lower-income households
are not a monolithic group - there is substantial variability in their early mathematical
skills [22,23]. For example, Wu and colleagues used latent profile analysis to characterize
the performance among preschoolers from low-income households and found patterns of
high, moderate, and low performance among preschoolers from low-income households
that spanned children’s performance on numeracy, measurement, shape, and patterning
knowledge [23]. A second recent study using latent profile analysis found four distinct
profile groups of numerical proficiency among preschoolers from low-income house-
holds: 1) high accuracy on all number tasks, 2) moderate accuracy on all number tasks, 3)
low accuracy on all number tasks, and 4) high accuracy only on counting and numeral
identification tasks but low accuracy on non-symbolic and symbolic magnitude tasks [22].
Together, these findings demonstrate that there are significant differences in the early
mathematical skills of children from low-income households prior to the start of formal
schooling.

Similarly, there is significant variability in the home mathematics environments pro-
visioned by low-income families [16,24,25]. Low-income caregivers vary in their fre-
quency of engaging children in numeracy activities at home, such as singing number
songs, recognizing digits, and learning simple sums [25]. Children from low-income
households self-report varied experiences with math-related games at home. One study
found that 17% of participants had played the board game Chutes and Ladders, 9% of
participants had played the card game Uno, and 22% of participants had played educa-
tional video games at home [26]. Low-income caregivers also provide a range of guidance
to their children during math activities at home [16,17,24]. For example, low-income care-
givers’ talk about numbers varied significantly while they cooked at home with their
young children, which predicted children’s initial math achievement in the fall of the
school year [24]. Low-income caregivers similarly vary in their mathematical talk when
completing activities using the same materials. Ramani and colleagues provided low-in-
come caregivers with three math-related activities (reading a counting book, completing
a numbered puzzle, and playing a numbered board game) and coded their frequency of
mathematical talk [16]. Caregivers varied significantly in the frequency of their statements
related to counting, identifying numerals, labeling the total quantity of a set, comparing
quantities, and basic arithmetic [16]. Overall, caregivers talked about math concepts in
between 4 to 34% of their total utterances (with an average of 19%). This variability in
mathematical talk in turn predicted children’s math skills; in particular, caregivers’ use of
more advanced number concepts during the activities predicted children’s more ad-
vanced number knowledge.

Previous research has found variability in caregivers’ math guidance and children’s
math learning even when low-income families were provided with a standard set of ma-
terials and instructions as part of a home mathematics intervention [17]. Building off prior
successful interventions that used number and shape card games to improve children’s
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mathematical skills [27,28], 39 caregivers from low-income households were taught to 100
play the games at home with their preschoolers for six weeks. Children who played the 101
shape card game significantly improved their shape knowledge (specifically, shape 102
names), and across conditions, children who played the games more frequently showed 103
more improvement on their numeracy and shape skills by the end of the intervention. In 104
addition, caregivers varied in the type of guidance they provided children during the 105
game; both in the frequency of their content-related talk such as number and shape words, 106
as well as their use of prompting their child for an answer, affirming their child’s re- 107
sponses, providing answers for their children, or cognitively guiding their child’s game 108
play. This study provided an important first step in understanding how caregivers may 109
help children effectively learn from home mathematics experiences. However, the conclu- 110
sions are limited by the small sample size and the analyses that focused on general pat- 111
terns of caregiver guidance as opposed to specific game-relevant categories of mathemat- 112
ical talk. 113

1.3. Present Study 114

The present study aimed to describe the variability in the home mathematics interac- 115
tions when families are randomly assigned to play mathematics card games and deter- 116
mine whether those differences relate to children’s learning from the games. Our first re- 117
search question asked whether children would show significant improvements in their 118
number and shape skills as a result of the intervention. Based on previous research using 119
these games with trained experimenters [27,28] and sent home with families [17], we hy- 120
pothesized that with a larger sample of families, children randomly assigned to play the 121
numbered card game would significantly improve their number skills and children ran- 122
domly assigned to play the shape card game would significantly improve their shape 123
skills (relative to children assigned to the other condition). Moreover, we hypothesized 124
that children who played the shape card game would significantly improve on their abil- 125
ity to categorize on features of objects (i.e., shape and color) based on their practice match- 126
ing cards during gameplay. To assess change in this skill, we administered a common 127
measure of children’s early executive functioning — the Dimensional Change Card Sort 128
task, which asks children to sort cards based on shape or color [33]. 129

The next two research questions focused on caregivers’ and children’s math talk dur- 130
ing the game. These questions are novel as little research has examined math talk as a 131
potential mechanism in explaining children’s learning from playing the games. Specifi- 132
cally, our second research question asked how caregivers and their children used math 133
talk while playing the games at home. Given previous research with low-income families 134
(e.g., [16,17,24]), we hypothesized that caregivers and children who played the same card 135
game at home would vary significantly in their use of number and shape talk (e.g., count- 136
ing, numeral identification, magnitude, shape naming, matching shapes), even though 137
families received the same materials and instructions on how to play the games from the 138
research team. Our third research question asked whether variability in caregiver and 139
child math talk during game play would relate to children’s learning from the card game 140
intervention. Due to previous research showing significant associations between parent 141
math talk and children’s mathematical skills (e.g., [16,29-31]), we hypothesized that vari- 142
ability in caregivers’ and children’s math talk during game play would predict children’s 143
learning on mathematical outcome measures. Specifically, we predicted that families who 144
talked more about numbers (e.g., counting, numeral identification, magnitude) would 145
have children with greater pretest-to-posttest improvements on number skills, and fami- 146
lies who talked more about shapes (e.g., naming shapes, making matches between shapes) 147
would have children with greater pretest-to-posttest improvements on shape skills. 148

2. Materials and Methods 149
2.1. Participants 150
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Eighty-six preschoolers and their parents/guardians completed informed consent to 151
participate in the study. Sixteen children were excluded from the analyses because their 152
parents or guardians were unable to meet the research team and collect the intervention 153
materials to begin the study. Thus, a total of 70 children received intervention materials 154
to begin the study. However, only 50 children were considered study completers because: 155
Participating families did not return the study materials at the end of the intervention (n 156
= 8); participating families moved away during the intervention period (n =2); and partic- 157
ipating families did not record audio of any game playing interactions (n = 10). Analyses 158
were conducted separately with the participants who received materials (n =70) and the 159
participants who were study completers (1 = 50). 160

Table 1 reports the demographic characteristics of participants who completed con- 161
sent forms, received intervention materials, and fully completed the study. Participants 162
were recruited from four Head Start centers in the mid-Atlantic region of the United 163
States. Head Start is a federally funded early childhood education program targeting fam- 164
ilies living at or below the poverty line, which was an annual household income of $25,100 165
USD or less for a family of four in the year these data were collected. After receiving per- 166
mission from the center directors, all families with 4- or 5-year-old children enrolled in 167
each center were invited to participate in the study with a study flyer and consent form 168
sent home. Participating families received $35 for completing an informed consent form 169
and meeting with the research team to collect the intervention materials and an additional 170
$15 at the end of the study after returning the data collection materials (i.e., audio record- 171

ing device and paper tracking log). 172
Table 1. Demographic characteristics of participants who completed consent forms, received 173
study materials, and completed the study. 174

Completed consent Received materials Completed study

(n=86) (n=70) (n=50)
Child age (in months) 60.5 (4.7)1 60.4 (4.9) 60.1 (4.4)
% Female 47 49 56
% Hispanic/Latinx 35 37 38
% African Ameri-
can/Black 30 27 26
% Caucasian/White 44 51 52
% Asian/Pacific Is-
lander ? 7 6
% Biracial/Multiracial 14 13 16
I Mean (SD). 175
176
2.2. Measures 177
2.2.1. Child Assessments 178
Number Skills. Children completed five number tasks to assess their verbal count- 179
ing, cardinality, number identification, and symbolic magnitude understanding. 180

Verbal Counting. Participants were asked to count aloud from 1 through 25. To dis- 181
courage children from simply repeating, “one, twenty-five”, the experimenter said, “Can 182
you count from one all the way up to 25?” (adapted from [26]). The dependent measure 183
was the highest number reached without errors divided by the highest possible score (i.e., 184
25; minimum possible score = 0, maximum possible score = 1). 185

Cardinality. Participants were given a pile of 15 poker chips and asked to give the 186
experimenter a certain number of chips (Give-N task) [32]. Participants were first asked 187
to give the experimenter 1 chip, followed by 2, 3, 4, 5, and 6 chips. If on any trial the child 188
provided a correct response, the experimenter next asked them for N + 1 chips. If the child 189
provided an incorrect response, the experimenter next asked them for N — 1 chips. The 190
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task ended when the child reached six chips correctly or gave at least two correct re- 191
sponses for N and two incorrect responses for N + 1. The dependent measure was the 192
highest number of chips that children provided correctly (minimum possible score =0, 193
maximum possible score = 6). 194

Number Identification. Children were presented with 10 randomly ordered cards, 195
each with a numeral from 1 to 10, and asked “”What number is this?” [26]. The dependent 196
measure was the number of correctly identified numerals divided by the highest possible 197
score (i.e., 10; minimum possible score = 0, maximum possible score = 1). 198

Symbolic Magnitude Comparison. Participants were asked to compare 20 pairs of 199
symbolic numbers ranging from 1-9 [26]. On each trial, the experimenter showed and read 200
aloud each pair of numbers and asked children to indicate which number was larger. Each 201
number was counterbalanced for side of presentation (i.e., 318, 813). The ratio between 202
pairs ranged from 1.1 (e.g., 8 vs. 9) to 9.0 (e.g., 1 vs. 9). After two practice problems with 203
accuracy feedback, participants were shown 18 test pairs of numbers and asked to indicate 204
which number is larger. The dependent measure was the number of correct comparisons 205
from the testing phase divided by the highest possible score (i.e., 18; minimum possible 206
score = 0, maximum possible score = 1). 207

Number Line 0-10. Participants were shown a number line on a Lenovo tablet com- 208
puter (10.1 in), with endpoints labeled at 0 and 10 [26]. The experimenter introduced the 209
child to the number line, the endpoints, and had each child practice making a mark ona 210
blank number line with no target numeral. Children were then asked to make a mark to 211
indicate the appropriate position for the numbers 1-9. Each number from 1-9 was re- 212
quested twice, in random order. The dependent measure was the accuracy of the chil- 213
dren’s estimate compared to the target number, measured by percentage of absolute error 214

(PAE = | estimate — estimated quantity | /scale of estimates). PAE scores were reversed (1 - 215
PAE) prior to analyses to aid in interpretability, such that higher scores reflected more 216
accurate performance (minimum possible score = 0, maximum possible score = 1). 217

Shape Skills. Children completed two tasks assessing their shape knowledge. 218

Shape Naming. Children were presented with 5 randomly ordered cards, each with 219

a shape (circle, square, triangle, rectangle, pentagon), and asked “What shape is this?” 220
[17]. The dependent measure was the number of correctly named shapes divided by the 221
highest possible score (i.e., 5; minimum possible score = 0, maximum possible score =1). 222
Shape Finding. Children were presented with a picture depicting a birthday party at 223

a park and asked to find examples of various shapes. Specifically, children were asked to =~ 224
point to all the circles, squares, rectangles, triangles, and pentagons that they saw in the 225
picture [17]. The dependent measure was the number of hidden shapes correctly identi- 226
fied from the picture divided by the highest possible score (i.e., two of each shape for a 227
total of 10; minimum possible score = 0, maximum possible score = 1). 228
Sorting by Shape and Color. Participants were asked to complete the Dimensional 229
Change Card Sort task [33]. They were asked to sort cards into two trays, first by color (6 230
pre-switch trial cards), then by shape (6 post-switch trial cards). If the participant success- 231
fully sorted all cards by color and by shape, they were then asked to sort by color if there 232
was a black border on the card (6 cards) or by shape if there was not a black border on the 233
card (6 cards). The dependent measure was a categorical score based on accuracy. Chil- 234
dren scored zero points if they sorted less than 5 of the 6 cards correctly in the pre-switch 235
trials, one point if they sorted 5 or more of the pre-switch cards correctly but less than 5 236
of the 6 cards correctly in the post-switch trials, two points if they sorted 5 or more of the 237
pre-switch and post-switch trials correctly but less than 9 of the 12 border cards correctly, 238
and three points if they sorted 5 or more of the pre-switch and post-switch trials correctly =~ 239
and 9 or more of the 12 border trials correctly (minimum possible score = 0, maximum 240
possible score = 3). 241
242

2.2.2. Math Card Games 243
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Children were randomly assigned to one of two playful math conditions: a magni-
tude comparison card game named “Top It, Take It” (like the card game “War”), and a
shape and color matching game named “Match It” (like the card game “Uno”, Figure 1)
[17,28]. The materials for the magnitude comparison card game were a deck of 40 cards in
the dimensions of standard poker cards (3.5 inches X 2.5 inches), where each card had
both red dots (0.5 inches in diameter) and red Arabic numerals (0.5 inches in height) in
the upper left and lower right corners. The deck of cards included four sets of cards rep-
resenting quantities 1 through 10. The materials for the shape and color matching card
game were a deck of 40 cards with the same dimensions of the other cards, with 10 cards
in each of four colors (red, blue, green, yellow) with one of five shapes in the center (circle,
square, triangle, rectangle, pentagon). The experimenter explained the card game rules to
the caregiver and the child following their pretest assessment (see Procedure).

5
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Figure 1. Intervention card games: (a) Top It, Take It magnitude comparison game; (b) Match It shape and color game.

Magnitude Comparison Game. To play this game, the caregiver divided the cards
so that the child and caregiver each had 20 cards stacked in a pile face down. Each player
turned over the top card from their stack and placed it in the middle of the space where
both players could see it. The caregiver then prompted the child to label the number on
each card that was placed in the center of the space. The player with the card of greater
magnitude (“the card with more”) took both cards from the center and placed them face
down in a second pile. During each turn, the caregiver asked the child “which card is
more?”, letting the child identify who should add the cards to their pile. If both players
placed the same card down, both players would put three additional cards face down in
the middle, then flip a fourth card over to see who takes all the cards. The game ended
when both players played all their 20 cards, and the caregiver and child counted the num-
ber of cards in each of their second piles aloud together. The player with the most cards
in their second pile won.

Shape and Color Matching Game. To play this game, the caregiver laid out 5 cards
face up in front of each player, then turned over the top card from the remaining pile of
cards and placed it in the center. The caregiver and child took turns placing one of their
face-up cards into the center pile if it matched either the shape or the color of the card in
the center. During each turn, the caregiver prompted the child to name the shape and
color of the center card (“What shape is your card? What color is your card?”). If a player
did not have a card that matched the color or shape of the center card, on their turn they
drew one card from the center deck, and if it matched, placed it in the middle. If it did not
match, the player added it to their face-up cards. The player who played all their face-up
cards first won.

2.2.3. Caregiver-Child Interactions
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Transcriptions. Two audio recordings from each of 48 families and one audio record- 283
ing from two families with only a single audio recording were transcribed for a total of 98 284
transcripts. Recordings were sampled from the available audio provided by each family; 285
the first recording was selected as the earliest dated recording from each family that in- 286
cluded at least one minute of gameplay (if the family had recordings that lasted one mi- 287
nute; n = 50, average length = 12.21 minutes, range = 1.57 — 25.82 minutes) and the second 288
recording was selected as the latest dated recording that included at least one minute of 289
gameplay (n = 48, average length = 12.22 minutes, range = 1.62 — 37.67 minutes). Record- 290
ings were transcribed in CLAN software using the CHAT conventions of the Child Lan- 291
guage Data Exchange System (CHILDES) at the utterance level [34]. Each transcript was 292
verified by a second reliable transcriber. Nine families played the games in Spanish. For 293
families playing in a language other than English, professional transcribers were hired to 294
translate and transcribe the audio recordings into English, and transcripts were then trans- 295
ferred into the CLAN software by the research team. 296

Coding Scheme. Each transcript was coded at the utterance level for caregivers’ and 297
children’s mathematical talk. Definitions and examples of each type of mathematical talk 298
are presented in Table 2 (adapted from [16]). One master coder (first author) coded all the 299
transcripts, and twenty percent of the transcripts were coded independently by a second 300
trained coder with interrater reliability of 83% agreement. To preserve the variability in 301
how long families decided to play the games and how frequently they spoke during game 302
play, we analyzed the total number of utterances that contained each type of math talk 303
rather than creating proportions based on the total number of utterances spoken by each 304

caregiver and child. 305
Table 2. Mathematical talk coding scheme ! 306
Code Definition Examples

One, two, three... (C)
Let’s count it! (A)
Count the dots. (A)
You have seven cards. (A)

How many cards do I have?
(A)

. Player counts, asks other player to count,
Counting and Y pay

.. discusses counting strategies, or discusses
cardinality

the cardinal values of sets.

What is your card? (A)
What number is this? (A)
I have a 5. (C)

We have the same number!
(A)

Player identifies a written numeral or asks
Number iden- other player to identify a numeral. Includes
tification references to the same cards or the same
number.

Player compares two quantities, makes a
statement about relative quantity, or asks ~ Which is more, 3 or 5? (A)
Magnitude other player to make a comparison of two ~ Whose card is higher? (A)
comparison quantities. This includes statements of non- I have more cards. (C)
equivalence and talking about which num- My card is more! (C)
ber is closest to a target number.

Player identifies a shape or asks other player
Shape identi-  to identify a shape (i.e., circle, triangle,
fication  square, rectangle, pentagon, hexagon, octa-
gon).

What shape is this? (A)
Do you have a rectangle? (A)
I have a square. (C)
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What color is this? (A)
My card is red. (C)
Do you have green? (A)

Color identifi- Player identifies a color or asks other player
cation to identify a color.

Is it the same shape? (A)
Player identifies or asks other player to com- Is it the same color? (A)
pare features of the cards, such as if both I don’t have any rectangles.

Matiﬁfi fea- cards have the same color or shape. Focus on ©
comparing features or the logic of finding a You could play a red one. (A)
matching feature. Do you have any green
cards? (A)
! Adapted from [16]. (A) indicates an example of adult speech; (C) indicates an example of child 307
speech. 308
309
2.3. Procedure 310

Prior to the pretest assessment children were randomly assigned to play either the 311
magnitude comparison or the shape and color game, stratified by child age (4 or 5 years 312
old) and sex (male or female). Children completed two 15- to 20-minute assessment ses- 313
sions individually with an experimenter in a quiet area of their classroom or school; the 314
pretest session occurred before the child’s family received the game materials and the 315
posttest session occurred after the end of the six-week intervention. 316

Families were provided with a binder of study materials and were taught how to 317
play the game by a member of the research team. The binder included the deck of cards 318
for the assigned game, an audio recording device, spare batteries for the audio recording 319
device, a pen, stickers, and paper sheets explaining how to play the game, how to use the 320
audio recorder, how to contact the members of the research team with any questions, a 321
tracking log to record days and times that they played the game, a sticker tracking log for 322
children to add stickers to after each day that they played, and a copy of the written in- 323
formed consent form. Binders were available in both English and Spanish. Families re- 324
ceived the binders and the instructions on how to play the game either at a Family Math 325
Night sponsored by the research team, which was held in the evening at their child’s pre- 326
school, or by meeting one-on-one with a member of the research team at school drop-off 327
or pick-up. Families were asked to play the games for 15 minutes, twice per week across 328
the six-week intervention period and received weekly text message reminders from the 329

research team encouraging them to play the games that week. 330
3. Results 331
3.1. Preliminary Analyses 332

Families who returned paper logs and reported playing the games (1 = 55) reported 333
playing them on average on nine different occasions (SD = 4.0 days, range = 2-17 days), for = 334
180 minutes total (SD = 143.4 minutes, range = 20 - 841 minutes), for a total of 25.5 game 335
rounds (SD = 18.6 game rounds, range = 2 - 89 game rounds). There were no significant 336
differences between the two conditions in the number of days or minutes played (ps=.95 337
and .88, respectively). However, families assigned to play the shape and color game 338
played significantly more game rounds than families assigned to play the magnitude com- 339
parison game (M = 32.8 vs. 18.0, #(38) = 3.13, p < .01, reflecting the fact that it took approx- 340
imately twice as long to play one round of the magnitude comparison as it took to play 341
one round of the shape and color game [17]. 342

Table 3 presents descriptive statistics of children’s pretest and posttest assessments. 343
The means and standard deviations suggest that the scores were widely distributed. In- 344
dependent samples t-tests of the pretest assessment scores revealed that there were no 345
significant differences between the two conditions prior to the intervention (n =70 sample 346
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of participants who received materials: .22 < ps <.99; n = 50 sample of participants who
completed the study: .14 < ps < .96). There were no significant differences in the pretest
scores of the 70 participants who received the study materials and the 50 participants who
fully completed the study (.52 < ps <.93).

Table 3. Descriptive statistics on participants who received materials (n = 70) and completed the
study (n = 50).

Magnitude Comparison Shape and Color
Pretest M (SD) Posttest M (SD) Pretest M (SD) Posttest M (SD)

Participants who received materials (n = 70)

Number knowledge

Counting 0.76 (0.32) 0.72 (0.34) 0.76 (0.31) 0.78 (0.32)
Cardinality 5.17 (1.52) 4.52 (1.06) 421 (1.37) 5.4 (1.42)
Number identifi- = o1 (9 0.76 (0.35) 0.84 (0.25) 0.86 (0.27)
cation
boli i
Sym C;fi:‘agm 0.82 (0.21) 0.78 (0.31) 0.80 (0.23) 0.83 (0.21)
e et
Number line esti- ) 19 0.73 (0.09) 0.75 (0.08) 0.72 (0.09)
mation
Shape knowledge
Shape naming  0.64 (0.20) 0.60 (0.29) 0.70 (0.17) 0.84 (0.19)
Shape finding ~ 0.62 (0.25) 0.56 (0.29) 0.61 (0.24) 0.76 (0.21)
Sorting by shape
e 1.78 (0.42) 1.64 (0.80) 1.65 (0.54) 1.82 (0.67)
Participants who completed the study (n = 50)
Number knowledge
Counting 0.76 (0.31) 0.78 (0.30) 0.77 (0.29) 0.79 (0.31)
Cardinality 4.4 (1.08) 3.62 (0.82) 3.4 (0.96) 5.20 (1.53)
engifi
Number identifi- -, o7 7 0.81 (0.28) 0.83 (0.25) 0.86 (0.25)
cation
Symb(;ﬂfi?agm' 0.86 (0.17) 0.83 (0.26) 0.78 (0.25) 0.80 (0.23)
line esti-
Number line esti- ), ) 49 0.28 (0.09) 0.25 (0.09) 0.28 (0.09)
mation
Shape knowledge
Shape naming 0.66 (0.20) 0.64 (0.26) 0.71 (0.18) 0.90 (0.13)
Shape finding ~ 0.65 (0.24) 0.60 (0.29) 0.64 (0.23) 0.76 (0.21)
Sorting by shape
1.84 (0.37 1.72 (0.74 1.68 (0. 1.84 (0.7
P 84 (0.37) (0.74) 68 (0.56) 84 (0.75)

3.2. Did Children Learn from the Intervention? (RQ1)

To address RQ1 we conducted OLS linear regressions with posttest score regressed
on pretest score, age, and condition for each assessment measure for the 70 participants
who received the intervention materials and the 50 participants who fully completed the
study. Child age was not a significant predictor of posttest performance on any measure
when controlling for pretest score and condition. To conserve degrees of freedom, we re-
ran each linear regression with posttest score regressed on pretest score and condition
(without child age) and the results were comparable in magnitude and statistical
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352
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354
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356
357
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significance to the original regression model that included age. Thus, we present the re- 362
sults of the linear regression models without child age in Table 4 below. 363

Children’s pretest scores predicted their posttest performance on all measuresinboth 364
the sample of participants who received the intervention materials and the subset of chil- 365
dren who completed the study. When controlling for child pretest score, the only signifi- 366
cant effects of condition were on the shape naming and shape matching measures. Specif- 367
ically, children who were randomly assigned to play the shape and color game had sig- 368
nificantly higher posttest scores on the shape naming measure (participants who received 369
materials: B = .21, SE = 0.05, p <.001; participants who completed the study: B =.22, SE= 370
0.05, p <.001) and the shape matching measure (participants who received materials: B= 371
.20, SE = .05, p < .001; participants who completed the study: B =.16, SE = .05, p <.01) than 372
children randomly assigned to play the number comparison game. Children who were 373
randomly assigned to play the number comparison game did not show significant im- 374

provement on any of the numerical skill measures. 375
Table 4. Regression models predicting children’s posttest skills for participants who received 376
study materials (1 = 70) and completed the study (1 = 50). 377
Outcome Pretest score Condition ! R?
Participants who received materials (1 = 70)
Counting 0.76%** 0.68 0.66
Cardinality 0.66*** 0.01 0.63
. fica
Number.ldentl ica 0.68%* 008 037
tion
Symbolic magnitude 0.66*** -0.06 0.29
1i L
Number line estima 0.35% 001 013
tion
Shape naming 0.697** -0.21%** 0.42
Shape finding 0.52%** -0.20%** 0.35
ing sh
Sorting shapes and 0.50% 025 012
colors
Participants who completed the study (1 = 50)
Counting 0.72%** 0.80 0.58
Cardinality 0.727%%* -0.14 0.67
Number.identifica- 0.61%% 004 0.36
tion
Symbolic magnitude 0.70** -0.02 0.39
Number %ine estima- 0.40* 0.01 0.15
tion
Shape naming 0.66*** -0.22°%% 0.55
Shape finding 0.73*** -0.16** 0.52
Sorting shapes and 0.52* 020 0.12
colors
1 Reference group for Condition variable: magnitude comparison game. * p <.05, ** p < .01, *** p < 378
.001. 379
380
3.3. How Do Parents and Children Use Math Talk During Gameplay? (RQ2) 381

Between families, caregivers and children varied in how much they spoke. In Time 1 382
recordings, caregivers produced an average of 292 utterances (SD =165.9, range =35 - 637), 383
while children produced an average of 172 utterances (SD = 100.6, range = 16 - 377). In 384
Time 2 recordings, caregivers produced an average of 252 utterances (SD = 169.4, range = 385
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35 - 970), while children produced an average of 178 utterances (SD = 130.2, range = 17 -
828).

Caregivers and children also varied significantly in their use of math talk within in-
tervention conditions (Table 5). Math talk during game play varied between families but
caregivers’ game-relevant talk was correlated over time within individual families. Chil-
dren’s game-relevant math talk was less consistent over time; only children’s talk about
matching features was significantly correlated over time, r(21)=.48, p = .018. However,
caregiver and child game-relevant talk was significantly related within condition and
timepoint (rs = .52 - .90, ps < .01).

Table 5. Descriptive statistics of caregiver and child math talk within condition.
Time 1 M (SD) Time 2 M (SD) Correlation T1-T2
Number comparison game: Caregiver talk
Counting/cardinality 37.9 (34.3) 25.9 (41.0) .68***
Number identifica- 452 (33.1) 424 (29.0) A4
tion
Magmt“‘:jncompa“' 36.5 (25.4) 28.0 (24.5) 50*
Shape identification 0.1 (0.4) 0.2 (0.8) 99**
Color identification 0 (0) 0.1 (0.2) -
Matching features 0 (0) 0 (0) -
Number comparison game: Child talk
Counting/cardinality 20.8 (19.8) 16.6 (20.8) 34
dentifica.
Number identifica 36.5 (23.2) 35.0 (19.8) 08
tion
Magnitude compari- 23.0 (15.5) 22.0 (17.2) 34
son
Shape identification 0 (0) 0 (0) -
Color identification 0.1 (0.4) 0 (0) -
Matching features 0 (0) 0 (0) -
Shape and color matching game: Caregiver talk
Counting/cardinality 15.5 (11.9) 16.3 (16.1) .39
Number.identiﬁca— 0(0) 04 (1.0) .
tion
Magnitude compari- 0.1(0.3) 0.1(0.2) -.08
son
Shape identification 68.0 (45.2) 60.6 (46.5) 46*
Color identification 57.4 (39.9) 53.1 (45.4) A41%
Matching features 25.2 (20.6) 14.3 (20.7) T4
Shape and color matching game: Child talk
Counting/cardinality 9.6 (7.5) 9.7 (10.1) 54**
Number.identifica- 0(0) 05 (19) .
tion
it .
Magnitude compari 0(0) 0(0) .
son
Shape identification 29.4 (20.5) 38.5(32.4) .36
Color identification 27.7 (20.7) 36.5 (33.5) 13
Matching features 9.5(9.0) 9.1 (13.0) A8*

Note. * p <.05, ** p <.01, ** p <.001.
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3.4. Does Caregiver and Child Math Talk Relate to Learning from the Games? (RQ3) 398

Given that only the children randomly assigned to play the shape and color game 399
showed significant improvement from the intervention, we examined the relations be- 400
tween caregiver and child math talk about shapes and colors during the first recording 401
and posttest shape naming and shape matching scores, controlling for pretest scores. Re- 402
gression analyses revealed that caregiver and child talk about matching features during 403
the first game session predicted children’s learning on the shape naming task; no other 404
type of math talk related to children’s posttest scores on the shape measures (Table 6). 405

We also asked whether overall frequency of game play predicted children’s learning 406
outcomes (as in [17]). Minutes reported playing the shape and color game were negatively 407
associated with children’s posttest scores on the shape naming (B =-.05, p =.01), such that 408
a one standard deviation increase in the number of minutes played predicted a 5% de- 409
crease in children’s posttest score. However, children’s posttest scores on the shape 410
matching measure (p = .97) were not related to minutes played when controlling for their 411

pretest scores. 412
Table 6. Regression coefficients of caregiver and child math talk predicting children’s posttest 413
scores, controlling for pretest scores. ! 414

Posttest Shape Naming Posttest Shape Matching

B (SE) B (SE)
Caregiver sh.ape identifica- 03 (.02) 02 (03)
tion
Caregiver color identification .04 (.02) .02 (.03)
Caregiver matching features .05 (.02)* .002 (.03)
Child shape identification -.003 (.02) -.002 (.03)
Child color identification .003 (.02) .008 (.03)
Child matching features .06 (.02)** .05 (.03)
! Regression analyses were conducted using standardized z-scores of all talk measures to aid in 415
interpretability. Regression coefficients for math talk measures represent the estimated change in 416
child outcome score for a one standard deviation increase in talk, holding pretest score constant. 417
*p<.05 **p<.0L 418
4. Discussion 419

The goal of the present study was to examine the variability among low-income fam- 420
ilies who received the same materials and instructions for a home mathematics interven- 421
tion card game. We found that children who were randomly assigned to play the shape 422
and color matching game had significantly higher posttest performance on measures of 423
shape naming and shape finding than children assigned to the magnitude game, control- 424
ling for pretest performance. We also found significant variability in families’ mathemat- 425
ical talk during gameplay, despite the uniformity in the instructions and materials they 426
received. Finally, we found some preliminary evidence that caregiver and child mathe- 427
matical talk relates to children’s learning during gameplay, specifically, that the frequency 428
of caregivers’ and children’s talk about matching features during the shape and color 429
game predicted children’s posttest scores on shape recognition. 430

4.1. Learning from Playing Card Games at Home 431

As in earlier research [17], we found that children who played the shape and color 432
matching game, but not the magnitude comparison game, showed significantly higher 433
scores at posttest on the mathematical outcomes of interest. With a larger sample size in 434
the present study, we found that children who played the shape matching game had sig- 435
nificantly higher posttest scores on both the shape naming and shape matching measures, 436
representing improvements in their ability to both label and identify common early geo- 437
metric shapes. These two skills also represent a direct and a more distal measure of chil- 438
dren’s learning given their practice within the game context - children were prompted 439
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frequently to label the shapes on their cards, but were not directly asked to locate a shape 440
embedded in a larger scene, which requires additional attention and visual search capa- 441
bilities. Shape labeling and identification skills are foundational to children’s early math- 442
ematical learning. Indeed, labeling shapes and sorting objects by attributes such as shape 443
or color are key competencies in early childhood mathematics, often categorized as a form 444
of early geometry [35]. 445

Surprisingly, the total amount of time children reported playing the shape and color 446
game was negatively associated with children’s posttest scores on the shape naming and 447
unrelated to children’s posttest scores on the shape matching measure, controlling for 448
their pretest scores. This stands in contrast to prior research, which showed positive ef- 449
fects of intervention dosage on children’s learning [17]. It is possible that there is an 450
amount of practice with the intervention game that leads to optimal learning outcomes, 451
with additional practice leading children to disengage or develop negative associations 452
with the content. It is also possible that the relation between time spent playing the game 453
and learning about shapes is moderated by children’s initial shape knowledge, children’s 454
executive functioning skills, or the quality of the caregiver-child interaction. 455

Contrary to our hypotheses, children who were randomly assigned to play the mag- 456
nitude comparison game did not show significantly higher posttest scores on their numer- 457
acy skills than children who played the shape and color game. Although this was alsoa 458
replication of previous findings [17], it is somewhat surprising given the success of similar 459
interventions led by trained experimenters with children at school (e.g., [27,28,36-38]. 460
There are several potential explanations for this finding. First, the children enrolled in the 461
present study showed relatively high performance on the numeracy measures at pretest, 462
particularly on the symbolic magnitude comparison task which was the most direct par- 463
allel to the game play context of comparing pairs of cards to determine which was the 464
greater numerical value. Symbolic magnitude understanding in early childhood is a key 465
predictor of later mathematical success [39-45], however, some children achieve mastery 466
of this skill early on and likely do not need additional practice comparing the magnitudes 467
of small whole numbers [22]. Future intervention work should consider using pretest as- 468
sessments to categorize participants into profiles, which would allow for screening out 469
children who have already achieved proficiency with the targeted skills. Second, there 470
was a range in caregivers’ mathematical talk during game play that may have contributed 471
to children’s exposure to the targeted concepts. When playing with a trained experi- 472
menter, experimental protocols would ensure that every turn the child would be explicitly 473
asked to make a comparison between two cards (e.g., [27,28]), whereas the variability 474
among families” mathematical talk suggests that not all children received the same 475
prompts when playing the games at home. In a similar vein, other home mathematics 476
research has also failed to replicate the success of experimenter-led numeracy interven- 477
tions (e.g., [15,17]). Researchers have pointed to lack of fidelity in implementing the inter- 478
vention at home as a source of different results between classroom and home versions of 479
interventions [15]. Given the variability in mathematical input children received during 480
gameplay at home, additional time and exposure to the game concepts may be needed to 481
see similar results to experimenter-led designs. Moreover, recent research suggests that 482
not all children learn similarly from mathematical talk in their home environments - in- 483
stead, child-level characteristics, such as executive functioning, may moderate their learn- 484
ing from caregivers’ mathematical talk [46]. 485

4.2. Variability in Mathematical Talk During Gameplay 486

As hypothesized, we found significant variability in caregiver and child mathemati- 487
cal talk during game play. This replicates previous research with lower-income caregivers 488
that shows significant differences in mathematical talk (e.g., [16,17,24]), and underscores 489
the fact that low-income families show a range in home mathematical experiences similar 490
to upper-income families (e.g., [25,47-50]). Despite receiving identical instructions and 491
game materials, families had unique approaches to supporting their children’s learning. 492
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Previous research has shown that caregivers adapt their mathematical talk to their child’s 493
individual skill level [19,51], which is one potential explanation for the variability in math- 494
ematical talk that we observed. 495

Although caregivers had a lower average number of utterances that involved math- 496
ematical talk during the audio recording sampled from the end of the intervention phase 497
than the recording sampled from the beginning of the intervention, individual caregiver’s 498
mathematical talk was significantly correlated over time. Previous research has demon- 499
strated that middle-class caregivers vary their talk over time when playing the same 500
games at home with their young children, and changes in their types of guidance relate to 501
children’s use of more and less sophisticated strategies during gameplay [52]. Children’s 502
talk was less consistently related; only children’s talk about matching cards based on 503
shape or color in the shape game condition was significantly correlated over time. Over 504
time, these consistent differences in caregivers’ mathematical talk could lead to large dif- 505
ferences in children’s mathematical skills [53]. Furthermore, it is worth noting that chil- 506
dren’s mathematical talk was inconsistent over time except for the one type of mathemat- 507
ical talk that related to their learning from the intervention, matching features of cardsin 508
the shape and color game. 509

In addition to positive, consistent patterns of caregiver mathematical talk over time, 510
caregiver and child talk within condition and timepoint were also significantly and posi- 511
tively related. This provides additional evidence for caregivers’ tailoring their feedback to 512
their child’s skill level and mathematical talk during gameplay, as has been demonstrated 513
in previous work [19,52]. However, it is unclear whether caregivers adapt their talk to 514
match their child’s, children adapt their talk to match their caregivers’, or perhaps most 515
likely - caregivers and children both adapt their mathematical talk in conversation with 516
one another. 517

4.3. Relations Between Mathematical Talk and Learning Shape Names 518

Our results showed preliminary evidence that differences in caregivers” and chil- 519
dren’s talk predicts children’s posttest shape knowledge, controlling for their pretest per- 520
formance. Given that only children who were assigned to play the shape and color match- 521
ing game showed significantly higher posttest scores on outcomes of interest relative to 522
children assigned to play the numeracy game, we focused on the relation between these 523
children’s mathematical talk experiences during game play. Although it was surprising 524
that caregivers’ and children’s frequency of naming shapes during game play did not re- 525
late to children’s improvements in shape naming or finding, talk about matching cards 526
based on the features of shape and color did significantly predict children’s posttest scores 527
on shape naming. This finding may have occurred for several reasons. First, the use of 528
matching features utterances is by definition a more advanced type of reasoning than re- 529
ferring to shape or color labels - it entails walking children through the logic of finding a 530
matching category member on one (or two) different dimensions. Children may need to 531
focus even more attention on shape labels when searching for a match to the target shape, 532
because each card they encounter must be assessed on whether it is the correct shape and 533
they are likely to be corrected by a caregiver if they are mistaken (e.g., “That’s not a square, 534
that’s a rectangle!”). Previous research has found that more advanced mathematical talk 535
for preschoolers, such as talk about ordinal relations and cardinality and larger sets of 536
present objects from 4-10, is predictive of children’s mathematical skills, whereas more 537
foundational mathematical talk, such as talk about counting and identifying numeralsand 538
smaller sets of objects does not predict mathematical outcomes [16,31]. Second, the aver- 539
age number of utterances in which children and caregivers’ referred to matching features 540
was lower than all other types of talk during gameplay. This suggests that families used 541
this type of mathematical talk more sparingly than references to shapes and colors. Itis 542
possible that children who were exposed to even small amounts of this more advanced 543
type of mathematical talk were more likely to learn from it compared to receiving any 544
amount of more basic mathematical talk about shape and color identification. Moreover, 545
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our study is one of the first to look for relations between children’s own mathematical talk 546
at home and their learning, and the positive relation between children’s use of matching 547
features talk and their shape learning represents their active participation and meaning- 548
making during gameplay, rather than their passive listening to their caregivers (see also 549
[53, 61-62]). 550

4.4. Remaining Questions and Future Directions 551

There are several remaining open questions from our investigation that suggest po- 552
tential avenues for future research. First, like other targeted home mathematics interven- 553
tions (e.g., [15,17]), our study had substantial participant attrition with a relatively small 554
sample of study completers (n = 50). Of the initially consented 86 children, 81% received 555
study materials, and only 58% completed the study activities in full. In our study design, 556
we intentionally took steps suggested by Sonnenschein et al. [15] and others to boost par- 557
ticipant retention: offered cash incentives for both study enrollment and completing the 558
study, hosted a family-friendly recruitment event, explained the motivation behind the 559
study and use of mathematical games to families, showed a video demonstration of an 560
experimenter playing the games with a child in the appropriate age range, and had a re- 561
searcher train families in person on how to play the games and be available for additional 562
support via email or text message using a study-specific account. We also followed lessons 563
from behavioral economics work suggested by Kuchirko and colleagues [54] and included 564
weekly text message reminders to families, customized with their child’s name and noting 565
their progress through the intervention phase (e.g., “You are on week 3 of 6!”). Future 566
research should consider experimentally testing other methods of boosting participation, 567
such as asking families to play the game at a specific time of day to anchor the math ac- 568
tivity in a part of regular daily life. 569

A second limitation is that children in our sample had high initial scores on numeri- 570
cal measures of interest, specifically, the magnitude comparison task. In other successful 571
magnitude training interventions, children had initial pretest accuracy ranging from 64 - 572
72% [27,28,36], whereas in the current sample pretest accuracy was 82%. This points to the 573
need for future research to implement screenings or other methods of ensuring that study 574
participants have room to improve on the measures of interest. Put another way, inter- 575
ventions could be designed to be adaptable to the child’s initial starting skills and areas of 576
needed growth. Children who have mastered skills of symbolic magnitude comparison 577
with small whole numbers could be introduced to larger numbers (10-20) [55] or build 578
from their magnitude understanding to target small whole number addition [42]. 579

A third limitation is the relatively short timeline of our study design (six weeks of 580
intervention). It is possible that to provide enough additional practice with mathematical 581
concepts to affect children’s skill development, home mathematics interventions, particu- 582
larly those focused on numeracy skills, should last months or even up to a year. For ex- 583
ample, one successful early numeracy intervention targeted first grade students’ mathe- 584
matical knowledge, with a focus on skills including counting, geometry, arithmetic, frac- 585
tions, and probability [56]. Students and their families completed nightly math activities 586
for one school year, after which children whose families used the app more consistently 587
saw improved math achievement compared to children who used a control app with read- 588
ing comprehension prompts. As a corollary, it may be particularly important to intervene 589
on family math practices in a routine, consistent way that families can continue after the 590
end of the research study - such as pediatricians recommending that parents of infants 591
and toddlers read to their child every night before bedtime [57]. Future research should 592
explore methods of incorporating daily math activities into the home life of young chil- 593
dren, which may be more likely to affect long term mathematical development compared 594
to exposure with concepts that children would likely receive over time at school or else- 595
where [58]. 596

Finally, the present study is not able to shed light on which participants benefit the 597
most from this type of home mathematics intervention. There are several potential factors 598
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References

that may moderate a child’s learning from home interventions, such as the child’s execu-
tive functioning skills (e.g., [46]), the child’s interest in math (e.g., [59]), the caregiver’s
math anxiety (e.g., [55]), and the quality and frequency of mathematical instruction the
child receives at school (e.g., [60]). The current study was not designed to investigate in-
dividual differences in children’s learning outcomes beyond variability in the mathemat-
ical talk children heard and produced during game play. However, future research with
larger sample sizes should consider the interplay of both child and family characteristics
that may impact study participation, retention, and fidelity [15].

5. Conclusions

Recent meta-analyses have demonstrated a significant association between children’s
early math achievement and their experiences with math at home, including their care-
givers’ talk about math [7, 9]. However, few studies have investigated the relations be-
tween caregiver math talk and children’s learning with experimental designs. The goal of
the present study was to ask whether children who were randomly assigned to play a
mathematical card game at home for six weeks showed improvements in their mathemat-
ical skills, to characterize the mathematical talk they heard and produced during game-
play, and to test whether variability in mathematical talk during gameplay related to chil-
dren’s learning from the games. Despite substantial attrition in participants both receiving
intervention materials and completing all study requirements, both an intent-to-treat
analysis of the full sample and a subgroup analysis of study completers showed that chil-
dren who played the shape game significantly improved their shape naming and match-
ing skills. Mathematical talk during game play varied between families but was correlated
over time within families. Caregivers’ and children’s talk about matching cards by shape
or color predicted children’s learning from the shape game. The results suggest that de-
spite receiving uniform instructions and materials, there was significant variability in chil-
dren’s home math experiences that predicted their learning from the card game. Over
time, this variability could lead to differences in children’s mathematical skills.
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