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By the time they reach primary school, disadvantaged children often lag behind their more advantaged peers in the skills and
concepts of formal math. To address this issue, researchers examined the impact of math games, played in preschools and
exercising early emerging, universal and intuitive numerical and spatial abilities, on children’s learning of school math in Delhi,
India. They found that the games led to long-term increases in children’s intuitive math abilities. The games also bolstered
children’s mastery of the spatial and numerical language used in the preschools, but they did not enhance children’s subsequent

learning of primary school mathematics.
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Primary school enrollment and attendance rates in developing countries have increased substantially in recent decades, yet
children’s learning outcomes have not followed suit. Learning disparities begin early and can be hard to overcome. By primary

school enrollment age, children from disadvantaged backgrounds often lag behind their wealthier peers.1

Preschool years offer an opportunity to support disadvantaged children’s cognitive development, generate lasting effects on
school performance, and close learning outcome gaps. Yet, there is little rigorous evidence on strategies to improve preschool
teaching and learning quality. How can preschool activities help disadvantaged children develop, both in the short-term and long-
term? To answer this question, researchers examined the impact of math games on preschool children’s intuitive and formal

math abilities in Delhi, India.
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For the 2013-2014 school year (when this evaluation took place), around 9 out of every 10 primary-school aged children in India
were enrolled in school.? Despite this, learning outcomes remained poor. For example, 87 percent of second grade children and
52 percent of fifth grade children in India could not read second grade-level material.Pratham, the implementing partner for this
evaluation, is an education-focused non-profit organization based in India that operates 2,300 preschool education centers across
the country serving 50,000 children. At the time of the intervention, Pratham operated approximately 300 preschools in low-
income neighborhoods of Delhi. The children included in this evaluation were four- to five- years old and headed to primary

school in the months following the intervention, with an even split between girls and boys.

“Are there more red dots or blue dots?”| “Is the girl happier in the red room or
in the blue room?”

-
» L]
™ L
b L
L] L] -
. L L) .
. ®
. .
L ]
. ]
L .
- -
L ] -
[ ]
L

“Which shape doesn't belong with the | “Which face doesn't belong with the
rest?” rest?”
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“Put the token on the spot on the mat | “Put the token on the spot on the mat
that you see in the picture.” that the face is looking at in the picture.”
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Figure 1. Examples of intuitive games designed to develop math (left column) or social abilities (right column).
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Researchers partnered with Pratham to conduct a randomized evaluation to examine the impact of intuitive math games on
preschool children’s mastery of the language, symbols, and skills of preschool and primary school math in Delhi. Intuitive games
were designed to exercise and enhance children's understanding of, and interest in, numbers and shapes; they did not train the

formal math skills or terminology to be used in school.

Pratham identified 1,540 children across 214 Delhi preschools to participate in the study. Researchers randomly assigned

preschools to one of three groups:

1. Math games treatment: students played games structured to develop their intuitive numerical and spatial abilities (see
Figure 1). Basic research in cognitive science and early childhood development, conducted in controlled laboratory
settings, informed the math games design.

2. Social games comparison: students played games similar in format and difficulty to the math games, but these games
instead focused on intuitive and universal social skills relevant to school learning (see Figure 1). This comparison group
allowed researchers to determine whether the games' content, rather than the simple act of playing challenging, intuitive
games aimed to enhance children’s learning, led to math gains.

3. No games comparison: students received Pratham's standard curriculum. Math-related content included memory games,

sequences and matching, numerical and spatial language and concepts, and more.

During the four-month intervention, trained games facilitators led three one-hour sessions each week of either math games or

social games in the two treatment conditions.

Researchers tested the students at four time points: before primary school started, after it ended (1-3 months after the
intervention), midway through the first year of primary school (6-9 months after the intervention), and after one year of primary
school (12-15 months after the intervention). The tests focused on the children's intuitive and symbolic math skills, as well as their
language and social skills. Intuitive math skills included tasks such as comparing dot quantities and finding a different shape in a
set of shapes. At the first two time points, symbolic math tests focused on the spatial and numerical language, symbols, and skills
exercised in the preschools (e.g., “2", “samosa” to designate a triangle). At the last two time points, the symbolic math tests

focused on children’s mastery of the language, symbols and skills taught in their first year of primary school (e.g., “15", “triangle”).
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Playing intuitive math games with preschool students in Delhi produced a long-term increase in children’s intuitive numerical and
spatial skills and a short-term increase in their mastery of the math symbols used in the preschools, but it did not improve their

learning of the formal math skills taught in primary school.

Short-term gains: Immediately following the intervention, students in the math games group had higher intuitive and formal math
scores, suggesting that the games enhanced math learning during preschool. For example, students in this group knew more
number words and symbols and used informal language correctly to designate geometric forms. Students in the social games

group also showed higher math scores than those in the no-treatment condition, but lower than those in the math games group.

Longer-term gains: By midway through the first year of primary school, all groups had similar formal math gains, suggesting that
the games did not improve formal long-term learning outcomes. However, after one year of primary school, the students in the
math games group continued to have higher intuitive numerical and spatial abilities. Indeed, the impact of the math games on
these abilities, relative to the social games, was as large at the end of Grade 1 as it was a year earlier, at the end of the

intervention.

Cost-effectiveness: For a six-student group to play the math games for four months, Pratham spent US$316. Since reusable

materials for the games were 69 percent of the total cost, the cost-per-pupil would drop substantially for each additional



intervention cycle.

Overall, this research suggests that preschool interventions informed by basic research in cognitive development can be scaled to
implementable interventions in the field. While only short-term school-relevant math gains were observed in this study, future
game-based curricula might work better when they are integrated with age-appropriate exercises of mathematical language and
symbols, and when they are introduced in primary schools. More research is needed to determine whether including formal math
content or continuing to play games in primary school could make the games more effective as a foundation for school math

learning.
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