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Cognitive science in the field: A
preschool intervention durably enhances
intuitive but not formal mathematics
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Many poor children are underprepared for demanding primary school curricula. Research in
cognitive science suggests that school achievement could be improved by preschool
pedagogy in which numerate adults engage children’s spontaneous, nonsymbolic
mathematical concepts. To test this suggestion, we designed and evaluated a game-based
preschool curriculum intended to exercise children’s emerging skills in number and
geometry. In a randomized field experiment with 1540 children (average age 4.9 years) in
214 Indian preschools, 4 months of math game play yielded marked and enduring
improvement on the exercised intuitive abilities, relative to no-treatment and active control
conditions. Math-trained children also showed immediate gains on symbolic mathematical
skills but displayed no advantage in subsequent learning of the language and concepts

of school mathematics.

nrollment and attendance in primary school

in developing countries has greatly expanded

over the past few decades (1, 2), but children’s

learning outcomes remain poor. In 2014, 87%

of Indian children in grade 2 and 52% of
Indian children in grade 5 could not read a sim-
ple passage of text that they should have been
able to read by grade 2 (3). Poorly adapted cur-
ricula may be partly to blame (4-6); such cur-
ricula build on the verbal and mathematical skills
that preschool children with educated parents gain
by interacting with family members who can read,
count, and calculate. But first-generation school
children may be hampered by a lack of opportu-
nities to engage, as preschoolers, with literate and
numerate adults during activities that exercise
basic verbal and numerical abilities (7-9).

This problem can be addressed either by damp-
ening the level of instruction in primary school
(10) or by bolstering children’s experiences during
the preschool years. Some early childhood inter-
ventions have targeted parents, training them to
interact with or support their children (77-16). Al-
ternatively, preschools for poor children, led by
educated adults who play games that exercise
their cognitive abilities, may better prepare chil-
dren for school.

This idea is intuitively appealing and has re-
ceived considerable support from both academ-
ics and policy-makers (77). Indeed, there is evidence
that preschool education influences later life out-
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comes. In the United States, a number of observa-
tional studies have found substantial short- and
long-term impacts of the flagship preschool pro-
gram, Head Start (18-20). However, a recent large-
scale randomized study found only small and
short-term effects of Head Start, perhaps because
Head Start may not be much better than the al-
ternative preschool choices available to poor U.S.
children (21). In developing countries, several of
the studies reviewed in Engle et al. (22) also found
positive effects of preschool access on child devel-
opment. For example, in one recent randomized
trial in Mozambique, access to preschool increased
children’s school enrollment, fine motor skills, and
problem solving, although not their later language
development (23).

Many scholars have emphasized the impor-
tance of preschool quality (24), but little work has
revealed what constitutes a quality program. In
the United States, even carefully designed pre-
school mathematics curricula based on cognitive
science (such as the Building Blocks program)
have produced only small effects for only a por-
tion of the students at a portion of the measured
time points (25). Rigorous randomized controlled
trials in resource-poor settings have found that
training programs for preschool teachers in Chile
(26) or Malawi (16) had no effect on children’s
learning.

These results underscore how little we know
about how to train teachers to prepare children
for primary school: The teacher training or the
curriculum they implemented might not have
been intense enough, or the teaching practices
and curricula themselves might not have been ef-
fective. Moreover, if such practices and curricula
are ineffective, we do not know enough about what

was trained to draw more general conclusions
from the findings. Is the basic intuition—that
exercising children’s spontaneously developing
cognitive abilities in preschool leads to greater
school achievement—wrong? Or did the chosen
curricula fail to engender, in poor children, the
skills that develop spontaneously in preschool
children in wealthy families and communities?

To address this question, we designed a game-
based mathematics curriculum for poor children
in the slums of Delhi, India. The curriculum is
based on decades of cognitive science research
on the spontaneous development of children’s nu-
merical and spatial reasoning. We then tested the
effectiveness of this curriculum in a large-scale
field experiment. We found that our intervention
effectively and durably improved children’s spon-
taneously developing numerical and spatial abil-
ities, and we were therefore able to test whether
this improvement led in turn to an increase in
children’s learning of the symbolic mathematics
taught in school. Our study is thus the first to field-
test a central conjecture of contemporary basic
research in psychology and cognitive science,
which has, formally or informally, motivated the
development of most modern preschool curricu-
la: that children’s learning of the symbolic mathe-
matics taught in school would be facilitated by
adult-led activities that exercise their intuitive cog-
nitive abilities during the preschool years. In par-
ticular, we focus on numerical and spatial abilities
that emerge in infancy and function throughout
life among people from diverse cultures (27-37).

Despite the importance of this conjecture,
most of the evidence supporting it comes from
the laboratory rather than from the field. A small
number of controlled training experiments con-
stitute this literature. Like adults (38), elemen-
tary school children who are trained to add or
compare arrays of dots on the basis of number
show enhanced performance on the kinds of
symbolic arithmetic problems presented in school,
both in the United States (39) and in Pakistan
(40). However, these studies, and other controlled
training experiments focusing on spatial skills,
measure symbolic mathematical gains over very
short time periods [from immediately after train-
ing to <1 month after training; e.g., (39, 41, 42)],
providing no insight on whether any of these
gains would persist or enhance learning of new
mathematical concepts. A large body of longi-
tudinal research has probed relations between
early- and later-developing mathematical abil-
ities across more diverse populations and at
longer time scales (43-46), but these studies
could be indicative of natural correlations among
different abilities, rather than of causal relations
(47). Individuals who are mathematically talented,
or who receive rich exposure to mathematical ma-
terial in their homes, may perform well on intui-
tive, nonsymbolic mathematical tasks as well
as learned, symbolic mathematical tasks, even if
the abilities underlying these skills and tasks are
not causally related.

This study investigates the basic cognitive
mechanisms promoting children’s learning of
mathematics by designing a curriculum that
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provides children who have minimal access to
books, board games, or literate and numerate
adults an opportunity to exercise these informal
numerical and spatial skills, and by testing the
curriculum’s efficacy after the first year of for-
mal schooling. Moreover, it demonstrates an
approach to developing and testing a cheaply
implementable intervention to improve chil-
dren’s school readiness in resource-poor contexts,
which, if effective, could be scaled up across
preschools.

Intervention and experimental design

The intervention took place over a 4-month pe-
riod and involved 214 preschools in Delhi, India.
These preschools were run by our partner or-
ganization, Pratham, a large nonprofit focused
on improving and evaluating education through-
out India. In poor neighborhoods of urban areas,
many children now attend such preschools. They
are not systematically run by the government,
but are often private or, like Pratham’s, run by a
nonprofit organization.

Our math games curriculum was designed
to be scalable and easy to implement in such a
context: We used inexpensive, locally printed
materials, and locally hired adults adminis-
tered the games after 2 to 4 days of training.
Children in all of the preschools were of mixed
ages, but only the children who were expected
by their teachers to begin primary school after
the completion of the intervention were assessed
and treated. The final sample included 1540 chil-
dren (mean age, 4.9 years; range, 2 to 12 years).
Almost all of the children were between 3 and
7 years of age (97.1%) and most were 4 to 5.5 years
old (83.8%).

Each preschool was randomly assigned to one
of the three treatment conditions. In the math
condition (70 schools), children played five games
(Figs. 1 and 2) (48) that build on intuitive nu-
merical and geometric abilities that emerge
spontaneously in the first 3 years, that are as-
sociated with achievement in school mathemat-
ics, and that encourage children to communicate
using the language and symbols of primary school
mathematics through social play with literate
and numerate adults as well as peers. Two games
tasked children to add and compare large sets
of dots based on their relative numerosity: abil-
ities that are universal (34), emerge in infancy (49),
and correlate with mastery of symbolic arith-
metic in children (43, 50) and adults (44). A third
game required that children establish exact one-
to-one correspondence relations between sets
of one to four two-dimensional shapes and se-
quences of one to four movements on a linear
board, relating numerical magnitudes to posi-
tions on a line: abilities that emerge in infancy
(51, 52) and produce short-term enhancements
in children’s symbolic number concepts (7, 53).
Finally, two games challenged children to find a
geometric property (e.g., shape, parallelism, con-
nectedness) that distinguished one figure from
a group of others, or to place objects at locations
indicated on a set of small-scale geometric maps:
two early-developing, universal abilities (54-57)
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“Are there more red dots or blue dots?”

“Is the girl happier in the red room or
in the blue room?”

“Which shape doesn’t belong with the
rest?”
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“Which face doesn’t belong with the

2989
0889

“Put the token on the spot on the mat
that you see in the picture.”

“Put the token on the spot on the mat
that the face is looking at in the picture.”

HO

Fig. 1. Materials from three math games and the corresponding social games. The math games
focused on comparison of numerical magnitudes (top left), categorization of different shapes (middle left),
or symbol reading based on an analysis of the features of a geometric form (bottom left). The
corresponding social games focused on comparison of emotional intensities (top right), categorization
of different emotional expressions (middle right), or symbol reading based on an analysis of a face's gaze
direction (bottom right). One pair of corresponding math and social games (top) involved sorting cards
into one of two piles, depending on the color of the larger number or more intense expression of happiness.
Another pair of corresponding games (middle) involved finding the figure that did not belong with the other
figures based on its shape or expression. A third pair of corresponding games (bottom) involved using
the shape of a figure or the gaze direction of a face on a 20 cm x 20 cm map to find a corresponding
location on a1 m x 1 m mat, which appeared at varied orientations; children placed an object on the
location on the mat that was indicated on the map. The dot arrays in the top left math game were created
with Panamath (82), a free program for generating numerical stimuli. The faces in the top two social
games were obtained from Gao and Maurer (72), who adapted them from the face battery created by
Tottenham et al. (83). The faces at middle right have been pixelated for display purposes only; children

played this game with nonpixelated faces.

that are believed to promote learning of a variety
of mathematical concepts (42).

The overall cost for a group of six children to
play the games for 4 months was $316 (table S22).
This figure includes the cost of materials as well
as a teacher’s and monitor’s time and training.
The materials represented $217 of these costs,
which suggests that if these games were scaled
up, the actual operating costs would be substan-
tially lower because materials could be reused
and produced in larger quantities.

In the no-treatment control condition (72 schools),
children received a systematic preschool curricu-
lum designed by Pratham. This curriculum tar-
geted five main aspects of child development:

physical development, language development, so-
cial and emotional development, cognitive devel-
opment, and creative development. Perhaps most
relevant to learning mathematics in school, chil-
dren played memory games, learned about se-
quences and matching, and learned numbers (as
words and arabic numerals) and spatial concepts
(such as small/big and near/far).

For three 1-hour sessions per week, children
in the math condition played games instead of
receiving the Pratham curriculum. During game
play, the Pratham teachers focused on the youn-
ger children in their classes (who did not par-
ticipate in game play), thereby reducing the
time devoted to the regular Pratham curriculum
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Fig. 2. Children in the intervention playing the math and social versions of the linear board
game. In the math game (top), there was one deck of face-down cards; children spun a spinner
whose arrow indicated how many cards they could choose from the deck. When turned over, the
cards displayed either one to four small figures or an “X"; children moved their token forward on the
board by one space for each figure on their card(s). In the social game (bottom), there were two
decks of face-down cards, each with a different color on their back. The spinner depicted a face;
when spun, its gaze indicated which colored deck(s) children could choose from. When turned over,
each card displayed another face looking at a colored dot; children moved their token forward
according to the colors on the board indicated by the gaze direction on the cards. Children therefore
used either number or gaze to establish correspondences among the spinner, the cards, and the

movements of a token on a board.

for the older children. We did not specify what
Pratham content teachers should reduce in order
to evaluate a realistic intervention in which a
preschool would chose to replace part of their
curriculum with ours. It was possible that the
math games could have had either positive or
negative effects on primary school outcomes,
regardless of their mathematical content: They
could have had a positive effect if the games
themselves were more effective than the current
practices, or a negative effect if the symbolic skills
provided by the regular curriculum were more
immediately useful.

To distinguish between these possibilities and
to test the specific effects of the games’ mathe-
matical content, our experimental design included
a third group of schools assigned to the active
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control condition (70 schools). Children in these
schools played games that followed the same
rules and procedures as the math games and
were comparably challenging and engaging (48)
but focused on two social cognitive abilities that
are critical to assessing the intentions of others:
emotion reading (58) and gaze following (59)
(Figs. 1 and 2). Like the abilities exercised by the
math games, these abilities arise in infancy (60, 61)
and predict later cognitive skills (62). They are al-
so thought to foster language development and
pedagogical learning in early childhood (63) and
may be related to future labor market success
(64, 65). The games in the active control condition
therefore were truthfully presented to teachers and
children as potentially valuable for enhancing school
readiness. Because these games have the same

rules as the math games, they further allowed
us to distinguish the general effects of game play
(e.g., communication, language, taking turns,
etc.) from the specific effects of the mathemat-
ical content.

In the math and active control conditions,
each game was introduced to children with easy
practice problems, and children progressed as a
class through a diversity of material during reg-
ular game play. As the intervention progressed,
classes were also presented with more difficult
problems to maintain children’s engagement and
interest in the games (48). Progression to these
more difficult problems was gradual, as the games
were meant to encourage in children a sense of
confidence and success with the game content
(66). There was no presumption that each class
group would necessarily complete all or even many
levels of the games. We created several levels in
order to keep children engaged throughout the
duration of the intervention.

Game play sessions were run by intervention
teachers hired by Pratham: typically, young wom-
en with a high school education but no college
degree. These teachers received brief training
from our research team on how to play the games
with children and how to evaluate children’s per-
formance. Each intervention teacher was respon-
sible for two preschools, in which she led three
I-hour sessions per week and kept notes during
each session about the game, level, and deck that
was played and the individual performance of
each child. To monitor the implementation of the
program, a separate team of “process monitors”
made unannounced visits to the preschools, col-
lecting data on game play frequency, adherence
to the rules, and children’s attention to and facil-
ity with the game content (48).

Evaluation: Data collection and
empirical specifications

Assessments evaluating the effects of the interven-
tion were administered at four time points: dur-
ing the month before the intervention (baseline),
0 to 3 months after the intervention (endline 1), 6
to 9 months after the intervention (endline 2),
and 12 to 15 months after the intervention (end-
line 3). For all tests, children were tested individ-
ually on a laptop computer by local nonexperts
trained by our team to administer assessments
to young children. Assessors were unaware of
children’s condition assignments and had not
been involved in the game play curricula. Unlike
the games, the assessments were presented in a
nonsocial context, and they included difficult prob-
lems, challenging time constraints, and no in-
formative feedback.

Tests of children’s concepts and skills built on
Pratham’s experience evaluating children’s learn-
ing of mathematics throughout India (67, 68).
Tests of nonsymbolic numerical and geometric
abilities were based on research in cognitive science
assessing these abilities in children and adults (43)
in diverse cultures, including remote cultures with
minimal education (34, 54). School-relevant assess-
ments focused on comparing and adding num-
bers presented as words and arabic numerals (69)
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and answering verbal questions about shape prop-
erties, similarity, and symmetry (70). Social skills
were measured by evaluating children’s sensitivity
to gaze direction (77) and emotional expressions
(72). Standardized measures of intelligence were
not given, both because of resource limitations
and because the aim of the intervention was to
enhance children’s learning of school mathemat-
ics. Because mathematics learning relates to chil-
dren’s mastery of language, to their developing
executive functions, and to their motivation to
tackle challenging problems, we also presented
children with assessments of language and read-
ing based on Pratham’s tests of these abilities,
and we adapted tests of executive function (7.3)
and motivation for school learning (74) from tests
that are widely used in cognitive science labora-
tories. Children in the math games, social games,
and no-treatment preschools exhibited similar
baseline achievement as well as similar char-
acteristics across basic demographic measures
(Table 1).

The baseline assessment and, for some chil-
dren, the first endline assessment were presented
to children in their preschools; the remaining
endline assessments were presented to children
in their homes. We surveyed 94%, 87%, and 84%
of the original sample at the three successive end-
lines; 80% of the children were surveyed at all
three endlines. There were no significant differ-
ences in the baseline test scores, demographic var-
iables, or treatment statuses of those who dropped
out of the study and those who completed the
assessments at all of the time points (table S1).
At endlines 2 and 3, respectively, 83% and 91%
of the tested children were enrolled in primary
school, and the proportion was similar in all treat-
ment conditions (table S13). Following a pre-
specified “intention to treat” design, we included
children in all assessments whether or not they
were enrolled in primary school [see (48) for
analyses comparing children who did and did not
progress to primary school] or received the inter-
vention assigned to their preschool.

The randomized design enabled straightfor-
ward analysis. The main results are apparent by
comparing the descriptive statistics for each test
across the different conditions at all three end-
lines. We performed joint Fisher randomization
inference tests of statistical significance on these
basic comparisons, evaluating the hypothesis that
children in the math treatment perform better on
math questions than children in the social treat-
ment or in the no-treatment control (table S2) (48).
Our analyses were based on a regression specifica-
tion, which was preregistered, along with a com-
plete preanalysis plan, on socialscienceregistry.org
(48). We used the following specified regression
framework:

Yi; = Bymath; + Bysocial; + Bsage; ; +

Bsgender; ; + Bsbaseline; ; +¢&;; (1)

where y; ; represents the endline value of an out-
come for child 7 in school j; math, is an indicator

Dillon et al., Science 357, 47-55 (2017) 7 July 2017

Main Math Outcome Measures at Endline 1

EL1 Math Treatment

0.415***

|

0.249***

0.094*

EL1 Social Treatment

0.164***

0.044

1.

Z-Score of Math Composite

Z-Score of Nonsymbolic Composite

Z-Score of Symbolic Composite

Fig. 3. Z-scores of children’s performance on the three primary math outcome measures after
the intervention, but before the start of primary school. Colored bars show the impact of the
math and social treatments on each outcome measure. Error bars represent standard errors
clustered at the school level; coefficient estimates indicate differences from the no-treatment
control. On the coefficients, asterisks indicate a rejection of the null hypothesis of no difference
compared to the no-treatment control (omitted category): *P < 0.05, **P < 0.01, ***P < 0.001.

Table 1. Demographic information and baseline scores for children randomized to the three
conditions of this study. Individual tests of joint equality of the math treatment, social treatment,
and no-treatment control (with standard errors clustered at the school level) for each measure
(48) revealed no differences between groups. A XZ test of joint equality across all measures also revealed

no difference (composite x? test P value, 0.944).

Math Social Control P value

Demographics

Age (months) 58.76 59.12 58.37 0.646

Female 0.56 0.54 0.53 0.670
Test scores (proportion correct)

Numerical sensitivity 0.56 0.57 0.56 0.818

Geometric sensitivity 0.22 0.22 0.21 0.869

Number words and symbols 0.44 0.44 0.47 0.688

Shape names 0.40 041 0.41 0.956

Gaze sensitivity 0.22 0.22 0.23 0.749

Executive function 0.52 0.53 0.52 0.857

Motivation for school learning 0.08 0.06 0.00 0.453

variable for whether school j was treated with
the math games; social; is an indicator variable
for whether school j was treated with the social
games; age; ; is age, in months, of child ¢ in school
J; gender;; is an indicator variable for gender of
child ¢ in school j; baseline; ; is the baseline value
of an outcome for child 7 in school j; and g; ; is
an error term for child 7 in school j. Because the
treatment was administered to all children in a
given school, the standard errors are clustered at
the school level. Our analysis plans also called
for a specification without a baseline control.
The two specifications revealed largely the same
findings (48).

Our primary outcomes comprise four mea-
sures. Each outcome is based on a composite Z-
score (computed by taking an average of the
Z-scores for each individual on each test, relative
to the mean and standard error of the control
group’s average baseline performance on that

test), and so the coefficients for these outcomes
can be interpreted as effect sizes in terms of stan-
dard deviations. The “math composite” includes
all of the math tests, the “nonsymbolic composite”
includes the math tests of approximate numer-
ical comparison and of finding a deviant shape,
and the “symbolic composite” includes the math
tests assessing knowledge of number words and
shape names, abilities to compare and add num-
bers presented as words and/or symbols, and (at
endlines in which they were presented) facility in
answering verbal questions concerning relations
of shape similarity and symmetry. At the baseline
and first endline, the symbolic tests probed abil-
ities that develop spontaneously in children living
in educated families, prior to the start of schooling
(for example, children’s mastery of ordinary terms
for shapes, such as “egg”). At the two later end-
lines, these tests focused primarily on abilities
that are taught in school (for example, children’s
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Main Math Outcome Measures at Endlines 2 and 3

= EL2 Math Treatment
= EL3 Math Treatment

Z-Score of Math Composite

Z-Score of Nonsymbolic Composite

=EL2 Social Treatment
= EL3 Social Treatment

0.050
0.025 0.040

2Z-Score of Symbolic Composite

Fig. 4. Z-scores of children’s performance on the three math composite measures at endlines
2 and 3. Colored bars show the impact of the math and social treatments on each measure midway
through the first year of primary school (EL2) and after 1 year of primary school (EL3). Error bars
represent standard errors clustered at the school level; coefficient estimates indicate differences from

the no-treatment control: **P < 0.01, ***P < 0.001.

mastery of geometric terms for shapes, such as
“rectangle”). The “social composite” includes a
test probing sensitivity to gaze direction and (at
endlines in which it was administered) a test prob-
ing knowledge of emotion words.

Results

On the basis of the data collected by the teachers
and process monitors during the game play, we
first asked whether the two game-based interven-
tions were implemented, engaged children’s in-
terest, and led to improved performance over the
course of the intervention. Both the math and so-
cial games were played regularly, and most chil-
dren attended to the game play. In the preschools
where the math and social games were played, all
of the children attended to the games on 52%
and 53% of the observed sessions. Most schools
progressed through all of the materials included
in the first level of play in at least one of the five
games (93% in the math treatment and 89% in
the social treatment), and most classrooms re-
mained engaged with the games through the ma-
terials of the first two levels (table S6). Children
performed well in the first level of each game
(between 61% correct and 87% correct, depending
on the game, in the first two rounds of play with
those materials), and their scores improved
7 percentage points, on average, between the first
two and last two times that a level was played
(table S6). Thus, we successfully designed a scal-
able preschool math games curriculum that was
implemented as intended, led to progress within
the game itself, and engaged children with its
content.

The mean percentages of correct responding
for each test, treatment group, and endline are
reported in Table 2, and they tell a clear story. At
endline 1, children in the math games group had
a higher proportion of correct responding on all
math tests than did the children in the two control
groups. For example, they scored 36% correct on
the test of geometric sensitivity (chance = 17%),

Dillon et al., Science 857, 47-55 (2017) 7 July 2017

whereas the no-treatment and social treatment
groups scored 25% and 29%, respectively. In con-
trast, and as expected, children in the social games
group had a higher proportion of correct respond-
ing on gaze sensitivity. At endlines 2 and 3, chil-
dren in the math games group still performed
best on the nonsymbolic math tests, but not on
the symbolic measures targeting the concepts
taught in school, which were very similar across
the three groups. Children in the social games
group still performed better on the test of gaze
sensitivity.

Results from Fisher permutation tests (table
S2) confirm the statistical significance of these
findings. Compared to the no-treatment control,
we reject the hypothesis of no effect of the math
treatment on all of the math assessments, the
symbolic assessments, and the nonsymbolic as-
sessments for all endlines taken together and
for endline 1 individually. At endlines 2 and 3,
we reject the hypothesis of no effect overall and
no effect on the nonsymbolic assessments, but
not on the symbolic assessments. In contrast, we
do not reject the hypothesis of no effect of the
social games compared to the no-treatment con-
trol, for all endlines taken together and for each
endline individually.

To summarize these results effectively, we used
our preregistered regression framework. We first
tested whether, immediately after the interven-
tion, children who had exposure to the math
games curriculum had higher scores on the math
assessments than those who did not. Consistent
with the descriptive statistics, at the first endline,
the math games led to a significant increase in
the overall math composite: 0.25 standard devia-
tions versus the no-treatment control [#(213) =
5.88, P < 0.001]. There was also an impact of
the social games on the overall math composite
compared to the no-treatment control, but this
effect was smaller than that of the math games
(Fig. 3 and Table 3). Playing the math games
therefore had a positive effect on children’s sub-

sequent performance on tests evaluating their
sensitivity to number and geometry, relative
both to children who received only the regular
preschool curriculum and to children who played
games with similar rules and materials but with
no mathematical content.

The math games led to a particularly large in-
crease in the nonsymbolic math composite: 0.42
standard deviations above the no-treatment con-
trol [#(213) = 7.34, P < 0.001]. The social games
also led to an increase on the nonsymbolic math
composite, but that increase was smaller than
that of the math games (Fig. 3 and Table 3). The
social games had a similarly large impact on the
social skills measure (0.44: standard deviations),
whereas the impact of the math games on this
measure was smaller (Table 3). These findings
suggest that the difference between the impacts
of the two treatments was due to their different
content, replicating and extending prior evidence
that children’s early-developing sensitivity to math-
ematical and social information improves with
experience and exercise (42, 75, 76).

Do the gains in preschool children’s intui-
tive, nonsymbolic numerical and geometric skills
lead to improvements in their knowledge of
the symbols and language of formal mathemat-
ics? Consistent with this possibility, the children
who played the math games outperformed the
children in the no-treatment control group by
0.13 standard deviations on the symbolic math
composite [#(213) = 2.70, P = 0.007] at the first
endline, whereas the children who played the
social games did not. Nonetheless, the children
in the math games group showed only a rela-
tively small advantage over those in the social
games group on this composite measure; the
difference was significant only at the 10% level
(Fig. 4 and Table 3).

Further analyses of the first endline focused
on children’s performance on the individual as-
sessments. Relative to the no-treatment control,
the math treatment had individual impacts on
the tests probing nonsymbolic numerical and
geometric abilities as well as the tests probing
knowledge of number words, arabic numerals,
and shape names, although not the test of sim-
ple verbal arithmetic (table S4). There was no
impact of the math or social games on the test of
executive function, although performance on
that test showed moderate test-retest reliabil-
ity and strong effects of age (tables S3, S8, S12,
and S14). The measure of motivation also showed
no impact of the math or social games, but chil-
dren performed poorly and inconsistently on this
measure (table S15). The effects of the math
games are therefore not attributable to changes
in executive function, but we cannot determine
whether they depend on changes to children’s
motivation. According to prior research, the effects
are unlikely to be rooted in children’s expecta-
tions about the effects of nonsymbolic mathe-
matical training (77).

As in laboratory-based studies (38-40, 42, 78),
we thus observed that nonsymbolic mathemati-
cal training caused short-term gains in symbolic
mathematical outcomes. It is noteworthy that
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Table 2. Descriptive statistics for each test, for each treatment group, and for each endline. Mean percentages of correct responding are listed in
each cell; standard deviations are in parentheses.

Nonsymbolic math Symbolic math Nonsymbolic social Symbolic social

Geometric Numerical Number words Shape names Numerical Geometric Gaze sensitivity Emotion words
sensitivity sensitivity and symbols reasoning reasoning
Endline 1
Math 0.3611 0.6279 0.6128 0.5755 0.6210 0.2898
(0.2073) (0.1171) (0.3301) (0.2331) (0.1852) (0.2370)
Social 0.2915 0.6240 0.6072 0.5370 0.6107 0.3575
(0.1715) (0.1119) (0.3363) (0.2435) (0.1928) (0.2811)
Control 0.2540 0.6071 0.5901 0.5159 0.6131 0.2664
(0.1577) (0.1219) (0.3335) (0.2520) (0.1828) (0.2150)
Observations 1452 1452 1452 1452 1449 1452
Endline 2
Math 0.3485 0.7032 0.5437 0.4615 0.6615 0.4865 0.3832 0.4995
(0.1959) (0.1629) (0.3286) (0.1960) (0.1875) (0.1747) (0.2609) (0.2154)
Social 0.3018 0.6767 0.5586 0.4532 0.6669 0.4756 0.4149 0.5307
(0.1875) (0.1640) (0.3410) (0.2010) (0.1859) (0.1718) (0.2738) (0.2219)
Control 0.2964 0.6678 0.5576 04513 0.6631 0.4777 0.3729 0.5000
(0.1835) (0.1644) (0.3337) (0.1856) (0.1858) (0.1683) (0.2775) (0.2266)
Observations 1339 1339 1339 1339 1339 1339 1339 1339
Endline 3
Math 04871 0.7080 0.6642 0.6084 0.7240 0.6741 0.5263 0.3114
(0.2581) (0.1537) (0.2987) (0.2146) (0.2043) (0.2082) (0.3009) (0.1765)
Social 04372 0.6894 0.6966 0.5959 0.7331 0.6737 0.5658 0.3268
(0.2323) (0.1587) (0.2865) (0.2092) (0.1980) (0.1956) (0.3121) (0.1747)
Control 0.4106 0.6824 0.6825 0.5844 0.7276 0.6522 0.5065 0.3276
(0.2342) (0.1565) (0.2985) (0.2284) (0.2016) (0.2043) (0.3203) (0.1788)
Observations 1300 1298 1300 1300 1300 1300 1300 1300
Chance performance 0.1667 0.5000 0.1667 0.1667 0.5000* 0.2560 0.1667 0.1667

*Applies only to endlines 2 and 3; endline 1 presented several open-response questions.

these gains were evaluated over the 3 months that
followed the end of the intervention—a substan-
tially longer follow-up than that of a typical lab-
oratory study in this domain. Moreover, the gains
in mathematical skills after the intervention were
due to the specific math games training, as op-
posed to the rule-based structure of the games or
the increased attention of children in that treat-
ment group. This training intervention, imple-
mented in a field environment with minimally
trained teachers and assessors, captured and sus-
tained children’s interest over months of game
play. Its findings thus suggest that it is possible to
translate the findings from basic cognitive science
research into field experiments in children’s every-
day environments.

In light of these findings, we asked whether
children’s mathematical gains persisted in the
longer term. The benefits of most educational in-
terventions are short-lived, even when initial gains
are significant (79) and especially when training
is not reinforced by “booster” sessions (80). Re-
markably, this was not the case in our study. At
the two later endlines, 6 months and 1 year later,
the overall math composite remained significant-
ly improved in the math games group, and the
gains were stable in magnitude between end-
lines 2 and 3 [compared to the no-treatment con-
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trol group, 0.12 standard deviations at endline 2,
#(208) = 2.74, P = 0.007; 0.14 standard deviations
at endline 3, #(213) = 2.77, P = 0.006] (Fig. 4 and
Table 3). Although the effect of the math treat-
ment was smaller at endlines 2 and 3 than at
endline 1, the increase in math ability that the
children in the social games group experienced
at endline 1 vanished by endline 2 (0.01 standard
deviations compared to the no-treatment control
group). Thus, the differential impact of the math
versus social games on the overall math compos-
ite was remarkably constant over the endline as-
sessments (Table 3).

The gains on the nonsymbolic composite by
children in the math games group proved en-
during through the first year of primary school:
0.29 standard deviations compared the no-
treatment control group at endline 2 [#(208) =
4.59, P < 0.001] and 0.32 standard deviations at
endline 3 [#(213) = 4.32, P < 0.001]. The persist-
ence of these improvements is striking because
children had no access to the game materials
after the intervention ended, and their homes and
schools provided no opportunities to engage in
related game activities or anything resembling
them.

Do such enduring gains in preschool children’s
nonsymbolic mathematical skills also improve

their readiness to learn new mathematical con-
tent in primary school? The answer here was a
decisive “no.” By midway through the first year
of primary school, the effect of the math games
training on the symbolic composite measure had
disappeared. Although the math games caused
persistent gains in children’s nonsymbolic math-
ematical abilities, they failed to enhance children’s
readiness for learning the new symbolic content
presented in primary school. To better interpret
these negative findings, we asked whether the
symbolic math assessments used in the later end-
lines were unreliable or invalid for this popula-
tion. Contrary to these concerns, there were strong
intertemporal relations (i.e., test-retest reliability)
for each test for children in the no-treatment con-
trol group, indicating that our tests were highly
reliable (table S5). Moreover, older children in the
no-treatment control group performed better than
younger children on each of the math tests, which
suggests that the tests were indeed sensitive to
developmental changes in these abilities (table
S16). Although the difficulty of the assessments in-
creased across the three endlines, children showed
stable performance on the symbolic math tests
(Table 3 and table S4)). These findings suggest
that the assessments were valid measures of chil-
dren’s symbolic mathematical knowledge and that
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Table 3. Coefficients from a linear regression model estimated using ordinary least squares,
controlling for age, gender, and baseline test scores for each of the four main outcomes.
Assessment time points consist of 3-month intervals beginning immediately after the intervention
(before the start of primary school), 6 months after the intervention (midway through the first year
of primary school), and 12 months after the intervention (after 1 year of primary school). The first
two rows for each endline panel compare math and social treatments to no treatment (respectively),
the third row indicates the results of a two-sided test of equality between the math and social
coefficients, and the fourth row presents the no-treatment control group’s mean performance.
Standard errors (in parentheses) are clustered at the school level. *P < 0.05, **P < 0.01,

***p < 0.001.
All math All nonsymbolic math All symbolic math All social
Endline 1
Math 0.2490%*** 0.4153*** 0.1319%* 0.1223
(0.0423) (0.0566) (0.0488) (0.0688)
Social 0.0942* 0.1635%** 0.0439 0.4496%**
(0.0405) (0.0455) (0.0499) (0.0901)
Math-social P value  0.0018 0.0001 0.0916 0.0006
Control mean 0.2832 0.3084 0.2658 0.1771
Endline 2
Math 0.1206** 0.2867*** 0.0251 0.0271
(0.0440) (0.0624) (0.0453) (0.0755)
Social 0.0124 0.0232 0.0047 0.1653*
(0.0432) (0.0603) (0.0450) (0.0787)
Math-social P value  0.0220 0.0001 0.6578 0.0644
Control mean 0.2972 0.6737 0.1089 0.3548
Endline 3
Math 0.1381** 0.3223*** 0.0403 0.0123
(0.0498) (0.0745) (0.0486) (0.0760)
Social 0.0590 0.0752 0.0496 0.1389
(0.0461) (0.0739) (0.0453) (0.0802)
Math-social P value ~ 0.0939 0.0016 0.8394 0.1436
Control mean 0.5956 1.1085 0.3390 0.6887

children were in fact learning mathematics during
the first year of primary school.

Finally, we asked whether the failure to show
persistent gains in symbolic mathematics, de-
spite enduring gains in nonsymbolic abilities,
resulted from inherent differences between the
ways that Indian and Western children think
about or learn mathematics. Contrary to this pos-
sibility, the Indian preschool children in the no-
treatment condition exhibited the characteristic
profile of correlations across skills found in West-
ern children. Among children in the United States,
there are strong correlations between nonsym-
bolic and symbolic numerical abilities (43, 81) as
well as correlations between sensitivity to the
shapes of geometric forms and abilities to inter-
pret geometric maps (30). Similarly, the perform-
ance of the Indian children on the nonsymbolic
math composite strongly correlated with perform-
ance on the symbolic math composite, both within
and across time points. We also replicated the more
specific correlations in the mathematical cogni-
tion literature, relating nonsymbolic numerical
acuity to symbolic number abilities, and relating
sensitivity to geometric forms to performance on
the tests of verbal geometric reasoning. Indeed,
each of these correlations survived controls for
performance on the tests in the other domain,
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both within and across time points (Table 4). These
parallels between our findings and those of lab-
oratory studies of children in the United States
and other developed countries suggest that the
negative findings of our intervention do not stem
from differences between the mathematical con-
cepts of children in poor and wealthy countries,
nor from differences in the ways that those con-
cepts were measured in the lab and in the field.
On the contrary, the preschool mathematical
abilities revealed by laboratory studies of West-
ern children proved to be both generalizable and
robust, but an intervention exercising those abil-
ities failed to enhance poor Indian children’s learn-
ing of school mathematics.

Discussion

This study underscores the importance of field
experiments to elucidate universal cognitive mech-
anisms underlying children’s learning of mathemat-
ics. Previous research, based on robust correlations
and laboratory studies using short-term training,
raised the strong possibility that (i) universal, early-
emerging mathematical abilities would improve
with exercise over the preschool years, and (ii)
such exercise would enhance children’s subsequent
learning of primary school mathematics. Our study
demonstrates that the first part of the conjecture

was correct, but not the second. Children’s read-
iness for learning formal mathematics in India
appears to require something more than improve-
ment in nonsymbolic numerical and geometric
skills through games that make mathematics fun
and show children that they can and do improve
in this domain.

On the positive side, our results show that it is
possible to translate the subtle manipulations of
the laboratory into implementable interventions
in the field. Children learned, played, and enjoyed
the games. Their intuitive mathematical abilities
improved with practice, and these improvements
persisted more than a year after the completion
of a game-based intervention that exercised them,
despite the removal of the games and the absence
of any similar resources to sustain children’s gains.
The assessments of children’s cognitive gains,
based not on standardized tests of intelligence
but on laboratory-based measures of sensitivity
to number and geometry, yielded findings that
are highly similar to the findings from laboratory
experiments in developed countries, despite large
differences in the conditions under which the
tests were administered and in the lives and envi-
ronments of the children who took them. They
revealed strong correlations between poor pre-
school children’s early-emerging and intuitive nu-
merical and geometric abilities and the symbolic
mathematical content of primary school, just as
in other populations from developed countries.
Finally, parallel to the short-term results found
in laboratory-based training experiments, the
improvements in children’s intuitive mathemat-
ical abilities had a positive impact on their simul-
taneous learning of numerical and spatial language
and symbols, which were used in the preschools
where children played the games. Nonetheless, the
preschool intervention had no evident effect on
children’s subsequent learning of mathematics
in primary school.

We conclude that a preschool intervention
that effectively fosters an attunement of intui-
tive mathematical sKills, in social and commu-
nicative contexts, is not sufficient to promote
children’s later learning of school mathemat-
ics, at least as that learning is measured at the
end of the first year of primary school and in
the Indian context. This finding echoes the nega-
tive findings from other randomized controlled
trials in developing countries, and it suggests a
possible explanation. Preschool interventions
may fail unless they are designed to comple-
ment a central feature of primary school in these
settings—that is, a strictly symbolic curriculum.
Indeed, exploratory analyses show that the chil-
dren who returned to preschools after the in-
tervention showed more enduring effects of the
math treatment than those who went on to
primary school (table S13).

These findings suggest two ways to redesign
the intervention to make it more successful. First,
a math treatment might be more effective at
fostering school readiness if the games were
presented in a way that connects their nonsym-
bolic mathematical content directly to the math-
ematical language and symbols used in school.
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Table 4. Coefficients from linear regression models estimated using ordinary least squares
and controlling for age and gender. Top: This model illustrates the relation between nonsymbolic
numerical discrimination (43) and a symbolic numerical composite score (including tests probing
knowledge of number words and simple arithmetic) calculated with separate regressions at each
contemporaneous time point [baseline (BL) and three endlines (EL)] as well as across time points. All
regressions control for the effects of nonsymbolic and symbolic geometric abilities. Bottom: This
model illustrates the relation between nonsymbolic geometric sensitivity and a symbolic geometric
composite score (including tests probing knowledge of shape words and judgments about shape
properties) calculated with separate regressions at each contemporaneous time point [baseline (BL)
and three endlines (EL)] as well as across time points. All regressions control for the effects of
nonsymbolic and symbolic numerical abilities. *P < 0.05, **P < 0.01, ***P < 0.001.

BL symbolic EL1 symbolic EL2 symbolic EL3 symbolic
composite composite composite composite
Numerical symbolic composite
BL nonsymbolic numerical 0.9734%** 0.8997*** 0.7085%** 0.6526**
sensitivity (0.1727) (0.1842) (0.1852) (0.1967)
EL1 nonsymbolic numerical 1.8465%** 0.7967*** 0.9826%**
sensitivity (0.1633) (0.1971) (0.1856)
EL2 nonsymbolic numerical 0.5150%*** -0.1747
sensitivity (0.1115) (0.1662)
EL3 nonsymbolic numerical 0.5036%***
sensitivity (0.1309)
Observations 1539 1452 1339 1300
Geometric symbolic composite

BL nonsymbolic geometric 1.4982%** 0.4213* 0.3257* 0.1186
sensitivity (0.1956) (0.1849) (0.1290) (0.1406)
EL1 nonsymbolic geometric 0.9298*** 0.3247** 0.4186%**
sensitivity (0.1593) (0.1079) (0.1045)
EL2 nonsymbolic geometric 0.7796%** 0.5404***
sensitivity (0.0848) (0.1310)
EL3 nonsymbolic geometric 0.9023%***
sensitivity (0.0770)
Observations 1538 1452 1339 1300

For example, children could be introduced to
mathematical language and symbols along with
the card and board games that mainly exercise
their intuitive abilities, or they could play ver-
sions of the games that alternate between pic-
torial materials and materials presenting words
and symbols. Second, nonsymbolic math games
training might be more effective if training co-
incided with children’s learning of formal math-
ematics rather than preceding that learning.
Future field experiments could test these and
other possibilities.

Our findings underscore both the promise and
the necessity of rigorous testing of reforms to
school curricula inspired by basic science, using
scalable programs over extended time frames in
the environments in which those curricula will
be implemented. Laboratory-based experiments
provide the most sensitive setting for discovering
the cognitive and neural underpinnings of chil-
dren’s learning, but they alone do not reveal the
causal factors that produce knowledge over long
time spans, nor the most effective means for en-
hancing that knowledge in school. For those ques-
tions, cognitive science and public policy may
advance in tandem, through research in homes
and in classrooms, testing interventions that com-

Dillon et al., Science 857, 47-55 (2017) 7 July 2017

bine the diverse processes that together allow
children to master new cognitive challenges.
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