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Summary

Cognitive skills are a key dimension for child development and for the promotion of learning
opportunities, yet substantial challenges remain to measure cognitive skills in large, population-
based, samples in low- and middle-income settings. In 2013, the Young Lives study
administered RACER, a novel tablet-based test to measure children’s foundational cognitive
skills (including executive functioning) in Ethiopia and Peru. This technical note has five
objectives. First, to describe each of the tasks administered. Second, to describe the protocols
used to administer the tasks in both country samples. Third, to describe the cognitive outcomes
that are constructed based on the data collected. Fourth, to report on differences in cognitive
outcomes by socio-demographic characteristics. Finally, we provide advice for future data users
(data to be released in late 2023).
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1. Introduction

Cognitive skills refer to the central mental processes involved in the acquisition of knowledge,
manipulation of information, and higher-order reasoning. Working together, they gather and
process information, and underlie one’s memory, learning, attention, decision making, and
language abilities (Kiely 2014). Cognitive skills differ in the degree to which they can be
intentionally learnt or taught. Skills are often approximated using domain-specific cognitive
achievement test scores (for example, test scores in maths, reading comprehension and
vocabulary knowledge), which require prior exposure to information, techniques or concepts.
For example, literacy skills require prior exposure to the definitions of words and the rules of
grammar, and arithmetic skills require prior exposure to symbolic meanings of numerals and
operators. These skills are often referred to as crystalised skills. By contrast, there are
cognitive skills that are not specific to any single circumscribed topic area, or ‘knowledge
domain’, which do not rely on prior exposure to any set of information or technique. One
example of such a skill is long-term memory, which is the ability to encode, retain, and
retrieve new knowledge.

Prior research has shown that domain-general skills, such as long-term memory, serve as
important inputs into domain-specific knowledge and general academic success (Arnon
2019; Blair 2002; Grammer, Coffman, and Ornstein 2013). For example, improving declarative
memory makes it easier to learn basic skills like reading and to retain facts. In this technical
note, we focus on a subset of four domain-general cognitive skills. Subsets of these skills are
often referred to as fluid cognitive skills — they underpin one’s ability to reason abstractly and
solve problems in novel contexts. However, given their generality, the fact that we examine a
slightly larger set of skills than those usually described as ‘fluid cognitive capacity’, as well as
the fact that they serve as inputs into domain-specific skills, we hereafter refer to them as
‘foundational’ cognitive skills.

A substantial and growing body of research in high-income countries has linked basic
cognitive function assessed in laboratory settings to real-world behaviours, demonstrating
that, among other functions, individual differences in foundational cognitive skills successfully
predict school readiness, knowledge acquisition, and academic achievement (Blair 2002;
Blair and Razza 2007; Klingberg 2010; Skinner et al. 1998).

However, major barriers exist that limit the success with which cognitive tests and
neuropsychological tasks can be administered in low- and middle-income (LMIC) settings.
First, many existing cognitive tasks and neuropsychological tests rely on domain-specific
knowledge — including literacy and numeracy — which is markedly variable in LMICs among
population groups that face high levels of poverty and low levels of school attainment. Given
that we expect capacity in foundational cognitive skills to be independent of this acquired
knowledge, testing foundational cognitive skills in ways that do not rely on this acquired
knowledge is imperative. Second, many tasks assume shared knowledge among participants;
for example, tasks may show respondents pictures of certain animals, weather states, or
buildings, which depend on context and are not equally familiar throughout the world. Third,
assessments of foundational cognitive skills are commonly operationalised by performance
on computer-administrated tasks or short games in laboratory settings (Miyake and Friedman
2012), which can be difficult to administer in LMICs or outside of laboratory settings. They
often require specialised software and equipment and take a long time to administer. In
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contrast, neuropsychological tests are usually administered using ‘paper and pencil’
assessments. In this case, a trained administrator, usually a neuropsychologist with
considerable skill and training, engages individuals in a battery of tasks (Ford et al. 2019). The
skill required to correctly administer these tasks (training to be a neuropsychologist takes
years) makes them difficult to administer with less well-trained enumerators, which may
decrease the reliability of measurement in LMIC settings. In addition, a well-constructed
neuropsychology battery usually takes several hours to complete. For all the reasons
mentioned, data from LMICs on children’s foundational cognitive skills are extremely scarce.

Young Lives is an international study of childhood poverty following 12,000 children in
Ethiopia, India (in the states of Andhra Pradesh and Telangana), Peru, and Vietnam since
2002 to provide insights into the changing nature of child poverty at the beginning of the
twenty-first century. In 2013, Young Lives administered a novel short test to measure
children’s foundational cognitive skills (including executive functioning) in Ethiopia and Peru, a
low- and middle-income country, respectively. The tablet-based Rapid Assessment of
Cognitive and Emotional Regulation (RACER), developed by Margaret Sheridan and Amar
Hamoudi, is a set of cognitive tests that assesses long-term memory, inhibition, working
memory, implicit learning, and spatial orienting (Ford et al. 2019; Hamoudi and Sheridan
2015). The focus on two countries — when the project collects data in four countries — was
due to budgetary reasons and time constraints.

Five in-person interviews have been completed with Young Lives participants since 2002,
with the last in 2016 (Rounds 1-5), and five additional phone survey rounds (Round 6) were
administered through the Listening to Young Lives at Work: COVID-19 phone survey in 2020-
21, following the COVID-19 pandemic outbreak. The in-person survey rounds consisted of
three closely linked components — child, household, and community context surveys (Favara
et al. 2021)." At the child level, the study has collected rich data on topics such as children’s
health (including anthropometrics), education, work, diet diversity, subjective well-being and
mental health, aspirations and expectations, tobacco and alcohol consumption, and sexual
and reproductive health, among others. Information about the children’s verbal and
quantitative abilities was also obtained through the administration of mathematics, reading
comprehension, and vocabulary tests. Since 2009 (Round 3), data on the siblings of the
Young Lives participants were also collected on selected outcomes (including
anthropometrics, vocabulary tests, and psychosocial scales).

One dimension not fully captured by the Young Lives study is related to the acquisition and
development of the abilities required to learn and to perform well at school. As discussed
above, this is different from achievement test scores, which measure actual achievement
based on prior learning. In light of this, in 2013, for the first time, information on foundational
cognitive skills was collected via the RACER test. To the best of our knowledge, this is the first
time that direct measures of foundational cognitive abilities have been obtained for large
samples of children in LMICs. Given the longitudinal nature of the Young Lives sample, these
data can be used to understand the determinants of cognitive abilities — for example, the
possible role of early-life investments or weather shocks affecting foundation cognitive skills.
In parallel, one can also look at the role of these abilities to predict later outcomes, such as
test scores, schooling outcomes and risky behaviours.

1 See Young Lives (2017) for more information about the Young Lives research.
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This technical note has several objectives. First, to describe each of the tasks administered,
including a visualisation of what these tasks looked like on a tablet screen. Second, to
describe the protocols used to administer RACER in Ethiopia and Peru. Third, to describe the
cognitive outcomes that are constructed based on the data collected. Fourth, to discuss the
reliability of the data through comparing the measurements obtained in each country to prior
literature and evidence in high-income countries. Specifically, we test for differences in
performance by socio-demographic characteristics and expect to find worse performances
among younger children and among children from poor backgrounds. Last, we aim to provide
advice for future data users, as well as a data dictionary.

The Rapid Assessment of
Cognitive and Emotional
Regulation (RACER)

Key features

The RACER, a touch screen computer/tablet application designed by Margaret Sheridan and
Amar Hamoudi, was introduced in 2013 as part of the Young Lives Round 4 survey in Ethiopia
and Peru.? The version applied in Young Lives consisted of six different tasks, one of which is
presented twice, at the beginning and end of the battery of tasks. These tasks are designed
to measure the following skills: long-term memory, inhibition, working memory, implicit
learning, and spatial orienting. On average, the total implementation time for these tasks was
around 22 minutes among children aged 11-12.3

Each task has an identical structure, such that once children get the hang of one task, they
should be able to understand the rest easily. In the RACER application, tasks are presented in
the form of games. Each game is preceded by a tutorial and a practice period before the
children play the game.

Each RACER task is designed with four goals in mind:

a. The task does not require complex language comprehension or literacy or numeracy to
perform. This is important in high-poverty settings of LMICs as literacy and numeracy are
low, most children speak multiple languages, and the official national language is unlikely
to be the native language of many participants. Many existing tasks of cognitive function
require a high degree of literacy and are only normed in one language, usually English. In

2 Young Lives selected 20 sites in each country, with oversampling of sites covering poor areas. The sites include both urban and rural
areas, representing a range of regions, policy contexts and living conditions that reflect the ethnic, geographical and religious diversities
of the countries. For more information on the sampling procedures, see Escobal and Flores (2008) and Outes-Ledn and Sanchez
(2008).

3 In some cases, the administration of the RACER was interrupted (e.g., the child had to go to the bathroom, or someone arrived at the
house). Calculation of average implementation time excludes cases above 60 minutes so as to calculate the administration time for
cases where the administration was not interrupted.
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the RACER tasks, instructions are given via short silent videos, reducing the need to read
or comprehend verbal or written instructions.

RACER was administered to 97 per cent of the Young Lives index children who were
available for interviews in Round 4 and 87 per cent of the siblings sample in Ethiopia and
99 per cent of the index children and the siblings samples in Peru. In order to have a
benchmark of how these results compare with the response rates of other instruments,
Table 1 also reports the proportion of children who, in Round 4, took the Peabody Picture
Vocabulary Test (PPVT), a test that measures receptive vocabulary.* The PPVT was
administered to 88 per cent of the index children in Ethiopia (and 78 per cent of the
siblings) and 99 per cent of the index children (and 98 per cent of the siblings) in Peru. In
Ethiopia, the non-response rate of RACER is considerably lower than that of PPVT, while in
Peru these rates are similar — and small. It is likely that illiteracy is the reason why close to
1 out of 10 index children in Ethiopia did not take the PPVT. The fact that RACER allows
for the measurement of cognitive development of a larger proportion of children in a low-
income country setting such as Ethiopia highlights one advantage of RACER over other
tests, in which performance is affected by literacy, numeracy, or language.

Response rates

I S T pevr waceR (0

Ethiopia Index children 1,873 87.6 96.7
Sibling 1,492 77.6 87.1
Peru Index children 1,902 98.6 98.7
Sibling 784 97.6 98.7

b. The task does not require a high degree of skill on the part of the fieldworker. This is
important in LMIC settings, where educational opportunities are often limited. Many
existing tasks of cognitive function require a high degree of enumerator skill; in the United
States, neuropsychological tests are often given by high-skilled individuals who have PhDs
in clinical psychology, since tests often require judgment calls, multitasking, and
knowledge to administer. In RACER, enumerators require little skill to implement the tasks,
as instructions are given via short videos and implementation follows simple standardised
guidelines.

c. The tasks have been designed using simple abstract shapes and colours that are common
across cultures and languages. This is an intentional effort to decrease the impact of
culture and language on task performance and comprehension.

d. The tasks are administered on a touch-screen tablet. Most domain-specific cognitive tests,
particularly in LMICs, are administered using paper and pencils, which requires laborious
data entry and decreases the reliability of measurement. Tests administered on laptops or
desktop computers, on the other hand, require children to learn or know how to use a
keyboard and mouse before they can participate. The use of tablet computers eliminates
these problems, reducing or eliminating the computer knowledge required to play these
games and improving measurement.

4 See Cueto et al. (2009) and Cueto and Ledn (2012) for details about the administration of the PPVT to the Young Lives sample.



2.2.

MEASURING FOUNDATIONAL COGNITIVE SKILLS IN YOUNG LIVES USING RACER

It appears that efforts in these areas have been successful. RACER has been successfully
administered in several countries, beyond Ethiopia and Peru, including Syria, Lebanon, Niger
(Chen et al. 2019; Ford et al. 2019; Kim et al. 2020;) and Indonesia. Across these locations,
children performed the tasks in ways which indicate that they understand how to perform the
tasks, engaged effortfully in game play, and engaged in ways that were similar to how
individuals play these tasks in high-income settings (see Section 4). The evidence so far
indicates that these tasks can be used for comparable measurement of cognitive functions
across diverse settings.

Task sections
Each RACER task consists of three sections: tutorial, practice, and test.5

a. Tutorial: Tasks were presented in the form of games. The tutorial section of each game
was a simple video that instructs children on how to play the game. The video was silent
and showed a hand playing the game or eyes ‘looking’ at things they need to remember.
The video was only played once, so enumerators were instructed to ensure that the child
was ready to pay attention when it started.®

b. Practice: After the tutorial, children had a chance to practice the game just shown to them
in the video. The practice section of the game could be repeated up to three times. The
idea was that children played the practice test until they met a certain criterion, or the
maximum number of repetitions was met. In the RACER, the criterion was that they
needed to get 75 per cent correct before they could proceed to the actual test. If they got
75 per cent correct, the application would go straight to the test section of the game. If
not, it would go back to the tutorial and then to the practice test for the second time. This
cycle of tutorial-practice would continue up to three times or until children achieved the
75 per cent correct criterion. After the third repetition of the practice test, whether or not
children achieved the criterion, the game would proceed to the test section. This process
was designed to take the responsibility for telling if a child understands the game out of
the hands of the experimenter. However, if the experimenter thought the children were
confused and believed they could help clarify a rule of the game, it was fine to talk to the
children during the practice section. During the test portion, however, the fieldworker was
instructed not speak to the children.

c. Test: The test section of the game was the main segment and was where the cognitive
function of each child was assessed. During this segment, the experimenter should have
had minimal interaction with the children. Assistance could have been given if children got
distressed, overwhelmed, or frustrated, but this should have been noted by the
enumerator.

5 An exception is the final task, since it is a repeat of the first task, which only consists of two sections: practice and test.

6 For a visualisation of the tutorials shown to the participants, see https://www.younglives.org.uk/research-project/cognitive-skills-
ethiopia-and-peru or https://www.youtube.com/channel/UCsZkpcrrolOvnzNG2X3lljg

11


https://www.younglives.org.uk/research-project/cognitive-skills-ethiopia-and-peru
https://www.younglives.org.uk/research-project/cognitive-skills-ethiopia-and-peru
https://www.youtube.com/channel/UCsZkpcrrolOvnzNG2X3lIjg

12

2.3.

MEASURING FOUNDATIONAL COGNITIVE SKILLS IN YOUNG LIVES USING RACER

Piloting, training and protocol in the Young Lives sample

i RACER administration protocol in the Young Lives sample

For the administration of RACER in the Young Lives sample, the team wanted to make sure
that all children understood the instructions. Given that the skills assessments were to be
administered to poor children — who were very young in some cases — and many of these
children had not used or even seen a touch-screen tablet before, an extra step was added
prior to the tutorial section of each task. Before the child viewed the tutorial, the enumerator
explained the task to the child using printed pictures that mimicked what the child was about
to see on the screen. After the enumerator made sure that the child understood the
instructions using these pictures, they then proceeded to the tutorial, practice, and test
sections using the tablet (see Section 2.2).

The administration protocol can be summarised as follows:
* Prior to administration

— The enumerator looked for a quiet location to administer the RACER. A truly quiet
location was often not available, but enumerators identified a place which was as quiet
as possible.

— The enumerator also made sure that the tablet screen was bright enough, and the
tablet was in offline mode.

— The enumerator and children sat facing each other with their knees close, and the
children were asked to put the tablet on their legs.

— A table was never used, even when it was available. This decision was made in order
to ensure that administration conditions were as similar as possible for children in both
poor and better-off areas.

— The children were asked to use the same hand — and one only — to press the tablet
screen. The choice of hand was according to whether they were left- or right-handed,
which was asked at the beginning.

* During administration

— Enumerator instructions: For each task, the enumerator explained the instructions to
the children using coloured papers that mimicked what the children were about to see
on the screen. The enumerator moved their hands around the paper as if it were the
tablet screen. The children were then encouraged to do the same.

— Tablet instructions (tutorial): After the enumerator explained the game, the children
were asked to watch the instructions on the tablet, which repeated the enumerator
instructions.

— Practice: As in the general instructions, the children were allowed to practice the
game three times or until they got the practice test 75 per cent correct. During this
period, the enumerator was asked to encourage the children to answer but not give
the right answers. The enumerator also made sure that, for each trial, the children kept
their hand close to the screen (but not over the screen) and pressed the screen hard
when answering.
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— Test: The children performed the test with minimal enumerator interaction. If the
children got frustrated when answering the tasks, the enumerator was asked to say,
‘don’t worry it’s just a game’ and/or ‘just do it the best you can’. For tasks that involved
a quick reaction, the enumerator was also asked to remind the children to return their
hand to the same position (close but not over the screen) during the brief period
between ftrials.

ii Training of enumerators and piloting

The enumerators in charge of administering the standard Young Lives questionnaires were
also in charge of administering the RACER. In early May 2013, a pre-pilot of RACER was
carried out in Peru. This pre-pilot, as in the following ones, did not include any Young Lives
respondents. A group of enumerators administered the RACER to six children aged 11-12
(approximately the age of the Young Lives index children in 2013) and six children aged 6-7
(approximately the age of the youngest siblings of the index children in 2013) in a public
school in a shantytown in Lima. Based on the pre-pilot results, the programme was slightly
adjusted to reduce administration time. Some instructions were shortened and some tasks
were simplified. The task pictures printed on paper were also introduced before the tutorials.

In mid-May 2013, 45 enumerators were trained for two days and a pilot with around 25
children took place at Instituto de Investigacién Nutricional in Lima City. Local enumerators
were also trained on using the RACER application in Ethiopia, and a small pilot took place in
the Southern Nations, Nationalities, and People's Region (SNNP). A full pilot of the RACER
with the other Round 4 survey instruments took place in one urban, one peri-urban, and two
rural sites in the province of Canta, north of Lima City. Approximately 25 children aged 11-12
and their younger siblings aged 7-10 were interviewed using the Young Lives instruments,
with each of them completing the RACER tasks at the end of the interview (Figure 1).

Enumerators administering the RACER tests to children in the province of Canta
(region of Lima, Peru)

i
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The Young Lives RACER sample
characteristics

The Young Lives sample comprises approximately 2,000 children from the Younger Cohort
(born 2001-02) and 1,000 children from the Older Cohort (born 1994-95) in each country.
The children were selected from 20 sentinel sites that were defined specifically in each
country. The concept of a sentinel site comes from health surveillance studies and is a form
of purposive sampling where the site (or ‘cluster’ in sampling language) is deemed to
represent a certain type of population and is expected to show typical trends affecting those
people or areas. Semi-random/semi-purposive sampling was done in Ethiopia, India, and
Vietnam in choosing the clusters, while in Peru the sampling of clusters was random.” In the
third survey round in 2009, to understand intra-household differences and dynamics,
information on the next youngest sibling of the Younger Cohort children was collected in
each country.®

The RACER was developed to measure cognitive functions in adults and children aged 6
years and older. Young Lives administered it during the fourth survey round in 2012-13 to the
Younger Cohort (index) children who were between 11 and 12 years old and their siblings
(Table 1). In Peru, all the siblings interviewed were younger than the index child and 92 per
cent of them had the same biological mother and father as the index child. In Ethiopia, on the
other hand, only 67 per cent of siblings were younger than the index child, with 94 per cent
having the same biological mother and father as the index child.

The RACER was administered to 1,811 index children and 1,216 siblings in Ethiopia (879
younger siblings and 337 older siblings) and 1,878 index children and 756 siblings in Peru.
The samples are roughly equally split between females and males. On average, the index
children were 12 years old and younger siblings were 8-9 years old in both countries, while
the Ethiopian older siblings were, on average, 15-16 years old. Figure 2 shows the age
distributions in both countries of the index children and their siblings who performed the
RACER.

7 Although sites were selected purposively in Ethiopia, households were selected randomly. More information about the sampling in
each country can be found at http://www.younglives.org.uk/content/our-research-methods

8 In Ethiopia, if there was no younger sibling, information was collected on the next older sibling of the index child.
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Figure 2. Age distributions of index children and siblings in Round 4, RACER respondents
only
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Table 2 outlines the main characteristics of the index children samples.



MEASURING FOUNDATIONAL COGNITIVE SKILLS IN YOUNG LIVES USING RACER

Table 2. Round 4 household characteristics of RACER respondents (index children only)

Ethiopia
Number of . Number of

participants participants
Full sample 1,812 1,878
Location
Urban 670 0.370 0.483 1,378 0.734 0.442
Rural 1,141 0.630 0.483 499 0.266 0.442
Region (Ethiopia only)
Tigray 380 0.210 0.407
Amhara 351 0.194 0.395
Oromia 387 0.214 0.410
SNNP 425 0.235 0.424
Addis Ababa 265 0.146 0.354

Region (Peru only)

Coast 750 0.400 0.490
Highlands 817 0.435 0.496
Jungle 310 0.165 0.371
Mother's first language (Peru only)

Spanish 1,318 0.714 0.452
Other 529 0.286 0.452
Mother's highest grade

No schooling 879 0.502 0.500

Lower primary 418 0.239 0.426

Upper primary 280 0.160 0.367

More than primary 174 0.099 0.299

Less than primary complete 651 0.359 0.480
Complete primary 528 0.291 0.455
Complete secondary 377 0.208 0.406
Higher education 256 0.141 0.348
Young Lives wealth index

Quintile 1 407 0.225 0.418 416 0.223 0.416
Quintile 2 370 0.205 0.404 384 0.206 0.404
Quintile 3 362 0.200 0.400 350 0.187 0.390
Quintile 4 326 0.180 0.385 362 0.194 0.395
Quintile 5 343 0.190 0.392 356 0.191 0.393

Notes: The sample includes only index children who completed all RACER tasks. Wealth index values indicate means and standard
deviations of the wealth index by quintile. The Young Lives wealth index is a measure of socio-economic status of households within the
Young Lives sample that positions the households on a continuous scale of wealth, with higher values reflecting higher household
wealth. It is constructed from three indices: housing quality, access to services, and ownership of consumer durables (Briones 2017).

In the following sections, we use information collected for the index children only for simplicity.

16



MEASURING FOUNDATIONAL COGNITIVE SKILLS IN YOUNG LIVES USING RACER

4. Measuring cognitive abilities with

Table 3.

the RACER

The version of RACER administered in Young Lives comprises six tasks and five games in
total (with tasks 1 and 5 grouped as a single game). Each game measures a specific cognitive
function: long-term memory (tasks 1 and 5), inhibitory control (task 2), working memory (task
3), and implicit learning (task 4). There is a sixth game (task 6) which is not analysed here
(intended to measure spatial orientation).® Table 3 presents the tasks and the corresponding
cognitive function that they measure.

RACER tasks and cognitive functions

RACER | Cognitive task Cognitive ability Definition
task #

Task 1 Paired associate learning task Long-term Long-term memory/declarative memory:
(part 1): ‘Memory game 1’ memory/declarative the ability to encode and retain new
memory knowledge.
Task 2  Simon task: ‘Sides game’ Inhibitory control Inhibition: the ability to stop oneself from

exhibiting behaviours one does not want to
exhibit and is related to one’s ability to focus
on a single task and supress distractors.

Task 3  Spatial delayed-match-to-sample Working memory Working memory: the ability to hold in
task: ‘Finding the dots’ mind and manipulate stimuli that are no
longer present in the environment.

Task 4  Adapted serial reaction time Implicit learning Implicit learning: the ability to recognise
task: ‘Catching chickens/ and respond to regularities in the
Chasing dots’ environment even when individuals are not
aware of these regularities.
Task 5  Paired associate learning task Long-term Long-term memory/declarative memory:
(part 2): ‘Memory game 2’ memory/declarative the ability to encode and retain new
memory knowledge.

The following sections describe each game and the performance measures created for
analysis. Each game is composed of multiple rounds, called ‘trials’. During the course of each
game, participants encounter two separate types of trials — ' baseline ‘and ‘challenge 'trials —
but are not told about any distinction. Baseline trials and challenge trials are identical in terms
of general concentration, visual input and motor response, but the baseline trials lack the
specific manipulation which requires an individual to employ the foundation cognitive skill
under assessment (Ford et al. 2019). A respondent’s performance on a baseline trial depends
on many factors — including, for instance, familiarity with the use of touchscreen tablets and
ability to understand instructions. The game is designed in such a way that challenge trials
require the same set of skills and competencies as the baseline trials, plus the specific
cognitive skills being assessed. By construction, children are expected to perform worse at

9 Unfortunately, the data from the spatial orienting task were incomplete due to technical difficulties (for example, some responses were
simply not recorded on the system).
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the challenge trials than the baseline trials.'® The baseline provides a researcher with
information that can be used to sweep out the noise and extract the signal about the relevant
foundational cognitive skill.

Memory game: measuring long-term memory

Game description

This game is adapted from the paired associate learning task, which is well-known in
cognitive science (Gabrieli 1993; Hannula, Tranel, and Cohen 2006). Children are tasked to
determine which shapes go together, in pairs. At first, they will not know which two shapes go
together, so they have to guess. However, as the task progresses, and they figure out which
shapes go together, they will have an easier time with the game.

The tablet screen shows something similar to that represented in Figure 3. There is a shape
shown on the top of the screen and a group of different shapes on the bottom. The first time
that respondents see a shape on top of the screen they have no basis on which to identify the
correct pair (and thus they will have to choose a pair shape at random). If they touch a lure,
the screen does not change, and they will have to choose a new shape. However, if they
touch the correct pair at the bottom, the touched shape moves across the screen to join its
pair at the top, a box is drawn around the pair, and the two shapes dance in a brief animation
sequence. The next trial then begins. In total, there are 12 shapes and six unique pairs (see
Figures A1 and A2 for the complete list). Under the memory game, the first appearance of
each pair is a baseline trial and subsequent appearances are challenge trials.

Beginning and completed screens of the memory game

TRIAL 1 - BEGINNING TRIAL 1 - COMPLETED

Q

|
,
|
|
|
= o 0 & = 0 ¢

Respondents see each pair a total of four times. In the first six trials (round 1), each pair is
encountered for the first time. In the next six trials (round 2), respondents then cycle through
the second encounters with each pair (Table 4). There will then be a (typically) 18-20 minute
delay while respondents complete the other tasks of the RACER, with the final task being
another two rounds of the memory game where respondents will again match the same pairs
as in task 1. In total, the child completes 24 trials in this game.

10 However, in the case of long-term memory the baseline trial is not meant to signal information about a child’s abilities. For this task, in
the baseline trial the child has to guess the right answer.
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Memory game: number of trials per round and task

1 1 6
2 6

5) 3 6
4 6

Total number of trials in memory game 24

Performance measure

The rate at which children learn and retain information about these pairs is a measure of long-
term memory. Tests of this kind are dependent on the function of the hippocampus in
children, adults and animals (Bechara et al. 1995). The hippocampus is a part of the brain
which is susceptible to the effects of chronic stress in humans and animals, one reason that it
might be expected to see an impact of poverty on the performance of this task (Hanson et al.
2011; Kim and Yoon 1998; McEwen 2001; Shonkoff, Boyce, and McEwen 2009).

Performing better on challenge trials than on baseline trials (the first appearance of each pair)
requires long-term memory skill. When comparing baseline to challenge trials, there are two
alternative performance measures that may be analysed. The preferred measure is the
percentage of trials the child got correct at first touch. A second measure is the total number
of touches/choices they made before arriving at the correct paired associate. This second
measure is bounded below by 0 and is censored from above by 3, since any respondent who
made more than three incorrect guesses must have selected at least one incorrect shape
more than once. This truncation and censoring complicate analyses using the second
measure. In the Ethiopian and Peruvian samples, 2.3 per cent and 2.5 per cent of the trials
involved more than three incorrect guesses, respectively.

Figure 4 shows the preferred performance indicator distributions (the percentages of trials
the child got correct at the first touch), comparing the baseline trials (block 1) and challenge
trials (blocks 2, 3, and 4). Overall, children performed better in the challenge trails than in the
baseline trials. On average, Ethiopian children got 37 per cent of the challenge trails correct
at the first touch, compared to 27 per cent of the baseline trials. Peruvian children, on the
other hand got, on average, 41 per cent correct at first touch in the challenge trials compared
to just 22 per cent correct at first touch in the baseline trials. This observation, that the
number of trials correct at first touch increased from the first to last presentation (baseline
compared to challenge), is evidence that the task is functioning as expected, as this is the
pattern consistently observed in humans and animals in paired associate learning tasks
(Eichenbaum 2004).
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Performance indicator distribution: percentages of correct answers at the first
touch, Ethiopia and Peru index children

Ethiopia Peru
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Table B1 reports how the performance measures vary by child and household characteristics
in both country samples. As expected, the percentages of correct answers at first touch (in
the challenge measure) increase as children get older. In Peru, index children got 41 per cent
correct at first touch, whereas their younger siblings only got 37 per cent correct. In Ethiopia,
index children got 37 per cent correct at first touch, whereas their younger siblings got 34 per
cent correct. This increased capacity to perform a declarative memory across age also
replicates findings in high-income countries (Ghetti and Angelini 2008), further demonstrating
that the task is functioning as expected in this setting. In Ethiopia (although not in Peru),
female index children performed slightly worse than their male counterparts.

Looking at differences according to household characteristics, in both countries, the
percentages correct at first touch was higher for children from the top wealth quintile (by 7
and 8 percentage points, respectively) and for children from urban areas (by 5 and 8
percentage points, respectively). The percentages correct at first touch also increased when
moving from lower to higher levels of maternal schooling attainment. In high-income countries
there is ample evidence that hippocampal function, and by extension paired associate
learning capacity, improves with increasing wealth (Farah et al. 2006; Hackman and Farah
2009).

Sides game: measuring inhibitory control

Game description

This game is based on the ‘Simon task’, a game developed by Simon and Rudell (1967). In
each trial, the child is presented with a dot on either the left or the right side of the screen.
The dot is either solid and yellow or striped and pink. If the dot is solid and yellow, the child
should simply touch the dot as close as possible to its centre. If the dot is striped and pink,
however, the child should touch the opposite side of the screen, as close as possible to where
the centre of the dot’s mirror image would be. The dot disappears after 2.5 seconds or as
soon as the child touches the screen (whichever comes first). The screen shows something
similar to that presented in Figure 5. In total, 30 yellow same-side trials and 30 pink opposite-
side trials are presented (Table 5).
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Same-side and opposite-side screens of the sides game
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Number of trials in the sides game

Type Total number of trials
Same side 30
Opposite side 30
Total 60

Performance measure

Inhibition is the ability to withhold responses (behavioural/attentional) to stimuli in the
environment that are likely to capture attention and elicit a response. Conceptually, this
cognitive function underlies one’s ability to stay on task despite the existence of distracting
stimuli, and to stop oneself from exhibiting behaviours one does not want to do. Assessed
skill of inhibitory control has been observed to correlate with impulse control in and outside of
the classroom (Barkley, Grodzinsky, and DePaul 1992).

The sides game is administered to assess inhibitory control. The children are shown two
kinds of dots: yellow dots, which they should press the centre of, and pink striped dots, where
they should press on the opposite side of the screen. Because pressing an object (as
required in the same-side trials) is a more common reaction than pressing away from an
object, correctly performing the opposite-side trials requires children to supress the more
prepotent behavioural response in the service of task goals. This suppression is a measure of
inhibitory control.

Performance measures of this game include continuous measures of response/reaction time
(in seconds) and accuracy (Euclidean distance of touch from centre of dot, in pixels) on
same-side (baseline) trials, relative to opposite-side (challenge) trials. On the opposite-side
trials, respondents must inhibit their impulse to touch the stimulus as soon as it appears, and
instead redirect their movement toward the less salient side of the screen where there is no
stimulus drawing their attention.

21



Figure 6.

22

MEASURING FOUNDATIONAL COGNITIVE SKILLS IN YOUNG LIVES USING RACER

Figure 6 shows the response time performance distributions of baseline (same-side) and
challenge (opposite-side) trials. As expected, children perform worse on challenge trials in
both countries. On average, children in the Ethiopian sample responded to same-side trials in
1.13 seconds, and to opposite side trials in 1.18 seconds. Peruvian children responded to
same side trials in 1.08 seconds, and to opposite side trials in 1.11 seconds.

Performance indicator distributions: response time (in seconds), Ethiopia and
Peru index children

Ethiopia Peru

Density
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5 2 5 1
Response time (seconds) Response lime (seconds)

Same side (bassline) [ Opposits side (challengs) Sama side (baseline) ] Opposite side (challenge)

Table B2 reports the differences by child and household characteristics. As expected,
response times were lower for older children. In the Peruvian sample, index children had an
average response time of 1.11 seconds, compared to 1.28 among their younger siblings.
Similarly, in the Ethiopian sample, index children had an average response time of 1.18
seconds, compared to 1.27 among their younger siblings. In Peru (but not Ethiopia), the
average response time also increased when the (index child) respondent was female. In
terms of household characteristics, as expected, response times were lower for children from
the top wealth quintile when compared to the lowest quintile (time reduced by 0.15 and 0.07
seconds, respectively), and among children from urban areas (by 0.72 and 0.05 seconds,
respectively). Response time also decreased with maternal schooling attainment; moving
from the lowest to the highest category of maternal schooling was associated with decreased
response times by 0.13 and 0.11 seconds in Peru and Ethiopia, respectively. Again, these
findings replicate what is observed in high-income countries using inhibitory control tasks
(Noble, McCandliss, and Farah 2007; Sheridan et al. 2014;).

Figure 7 shows the distributions of the logarithms of the Euclidean distances from touch to
correct location for baseline (same-side) and challenge (opposite-side) trials. As can be seen,
children from both countries were considerably less accurate on opposite-side trials than
same-side trials. Children in the Ethiopian sample were 36 per cent less accurate on
opposite-side trials, while Peruvian children were 42 per cent less accurate on opposite-side
trials.
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Performance indicator distributions: Euclidean distances from touch to correct
location (log scale), Ethiopia and Peru index children
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Table B3 reports the differences by child and household characteristics. As expected,
accuracy was higher among older children. In the Peruvian sample, the average deviation
declined by 5 per cent among index children compared to their younger siblings. Similarly, in
the Ethiopian sample, the average deviation declined by 3 per cent among index children
compared to their younger siblings. In both countries, the average deviation increased when
the respondent was female, although the relationship was more established in Peru. Looking
at household characteristics, in both Peru and Ethiopia, the average deviation was lower for
children from the top wealth quintile (by 6 per cent and 3 per cent, respectively) and for
children from urban areas (by 5 per cent and 2 per cent, respectively).

‘Finding the dots’ game: measuring working memory

Game description

The working memory assessment is based on the ‘delayed match to sample 'paradigm
established in cognitive neuroscience and cognitive psychology (Thomason et al. 2009). This
game is a spatial working memory task consisting of 42 trials. Figure 8 provides a visualisation
of how the task appears to the respondent.
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Long and short delay screens for the finding the dots’ game
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In each trial, the child is shown a screen that has one dot (low-stimuli trials) or two to three
dots on it (high stimuli trials). The child has 2 seconds to look at the screen and mentally take
note of where the dots are located. After those 2 seconds are over, the screen goes blank,
and the child must wait for a time while holding in mind the locations of the dots. Waiting time
will be for either 0.1 seconds (short-delay trials) or 3 seconds (long-delay trials). After the
waiting time, the screen ‘opens’, and the child must touch the screen as close as possible to
where the dots used to be. The game includes 21 short-delay trails (seven low-stimuli and 14
high-stimuli trials) and 21 long-delay trails (seven low-stimuli and 14 high-stimuli trials) (see
Table 6).

Number of trials in the ‘finding the dots’ game

Stimuli Stimuli Total number of
Low (1 dot) High (2-3 dots) trials
Delay Short (0.1 sec) 14 21

Long (3 secs) 7 14 21
Total number of trials 14 28 42

Performance measure

Working memory is the ability to hold in mind and manipulate stimuli that are no longer
present in the environment. This is a primary executive function (Miyake et al. 2000). While
this is a simple cognitive function, it is a necessary component of many more complex
abilities such as high-level reasoning, planning, or language comprehension. Children
perform better on working memory tasks as they get older, and both child and adults recruit
the prefrontal cortex when performing working memory tasks (Thomason et al. 2009).
Working memory ability in childhood is linked with performance in school even after
controlling for content of knowledge (Blair 2002), and training of working memory and
executive function more generally is associated with decreased behavioural problems and
increased academic performance (Diamond et al. 2007; Klingberg 2010).
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In each trial of this game, the child’s performance is measured as the Euclidean distance (in
pixels) of their touch to the centre of the dot they were shown (in log-scale for empirical
analysis). This represents a continuous measure of accuracy; it reflects not only whether a
child could hold in mind the location of the dot, but also how precisely they could hold that
location in mind.

Two sets of baseline/challenge measures can be computed on this task. On high-stimuli trials
(screens with two or three dots — higher memory load), respondents must mentally rehearse
to themselves a larger amount of spatial information relative to low-stimuli trials (screen with
one dot — lower memory load). Similarly, on long-delay trials (3 second delay) they must
continue the mental rehearsal for a longer time than on short-delay trials (0.1 second delay).
High-stimuli and long-delay trials can therefore be considered as challenge trials and low-
stimuli and short-delay trials as baseline trails. The distributions of the performance indicator
described above are presented in Figures 9 and 10 for both short/long delay and low/high
stimuli, respectively.

Overall, children in both countries are more accurate in their response in short-delay trials
and in low-stimuli trails than in long-delay trials and in high-stimuli trials. On average, short-
delay deviations were 4.23 for Ethiopia and 4.22 for the Peru sample, while long-delay
deviations were 4.51 and 4.44, respectively. On the other hand, low-stimuli deviations were
3.89 and 3.87 while high-stimuli deviations were 4.46 and 4.41 for Ethiopia and Peru,
respectively.

Performance indicator distributions based on delay: Euclidean distances from
touch to correct location (log scale), Ethiopia and Peru index children
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Performance indicator distributions based on number of stimuli: Euclidean
distances from touch to correct location (log scale), Ethiopia and Peru index
children
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Tables B4 and B5 report how the average Euclidean distance differed by child and household
characteristics, for long- versus short-delay trials and for multiple-dot versus single-dot trials,
respectively. As expected, for both sets of measures, the average deviation was lower for
older children. In both measures, the average deviation was also lower for males (which was
not a priori expected). When comparing household characteristics, we found that accuracy
was higher among children from wealthier households and children from urban areas.
Accuracy was also consistently higher with more maternal schooling attainment, though this
difference was less established in Ethiopia than in Peru. These findings again replicate
previous observations using working memory tasks in high-income countries (Finn et al.
2010; Kharitonova, Winter, and Sheridan 2015; Noble, McCandliss, and Farah 2007).

‘Catching chickens’ game: measuring implicit learning

Game description

The implicit learning game is presented to the respondents as a game called ‘catching
chickens’ (or ‘chasing the dots’). It is based on the ‘serial reaction time 'paradigm, which is
standard in cognitive science (Lum, Ullman, and Conti-Ramsden 2013; Nissen and Bullemer
1987; Ruitenberg, Verwey, and Abrahamse 2015). One hundred and seventy-five small yellow
dots are presented one at a time in rapid succession. The child’s task is to touch each dot as
quickly as possible before it disappears. Each presentation of a dot is a trial, and each
succession of 35 dots is referred to as a ‘block’. The dot appears in one of four locations on
the screen (the screen is divided into four quadrants, ABCD, from top left to bottom right),
and disappears after 1 second or as soon as the child touched it (whichever comes first).
Figure 11 provides a visualisation of how the task appears to the respondent.
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Screens in the ‘catching chickens’ game
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The succession of dot locations on the screen follows no pattern for the first 35 stimuli (block
1). However, in the next 70 stimuli (blocks 2 and 3), the dots are presented in 10 repeated
cycles of seven locations ((ADABDDB’). The next 35 dots again follows no pattern (block 4),
and the last 35 (block 5) are five more repeats of the ADABDDB pattern. The game moves
seamlessly from block to block so the respondent would be unlikely to consciously note the
patterned versus non-patterned movement. In total the child plays 70 non-patterned trials and
105 patterned trails (Table 7).

Number of trials in the ‘catching chickens’ game per block and per type

ook v | Number oftials

1 Non-patterned 55
2 Patterned 55
3 Patterned 35
4 Non-patterned 55
5 Patterned 85
Total number of trials 175

Performance measure

Implicit learning is the ability of the body’s motor system to recognise and respond to
regularities in the environment, even when the person is not aware of these regularities. This
ability is a very basic and primary form of learning, as it relies on the basal ganglia — deep
brain structures which are conserved across species (Aron, Gluck, and Poldrack 2006). In
this game, individuals press the dot more quickly when the movement of the dot follows a
pattern, even when they themselves are unaware of the pattern (Pasupathy and Miller 2005).
The ability to speed up with patterned presentations relative to random presentations, implicit
learning, has been strongly linked with language acquisition in infancy and early childhood
(Arnon 2019).
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The key performance measure in this game is a respondent’s reaction time — elapsed time
from the appearance of the dot until the respondent touches it. There are two possible
performance measures, depending on which baseline and challenge trials are selected in
computing the performance indicator. As a first indicator, one can consider as baseline trials
all the non-patterned blocks (blocks 1 and 4) while the challenge trials are all the patterned
blocks (blocks 2, 3, and 5). As a second indicator, one can only consider a subset of non-
patterned trials (block 4) and patterned trials (block 5) as baseline and challenge trials,
respectively. While this subset decreases the number of trials per child in the sample, it lets
the researcher focus on trials that occurred after the respondents have had time to learn the
pattern. In both cases, the speed advantage that a respondent acquires from having implicitly
learnt the pattern reflects their capacity to learn without conscious awareness. The speed
advantage is assessed based on the difference in a respondent’s mean response time on
challenge trials versus baseline trials.

Figure 12 illustrates the reaction time distributions in the Ethiopian and Peruvian samples for
both baseline (non-patterned) and challenge (patterned) trials when using the first definition.
On average, the reaction time of Ethiopian and Peruvian children to non-patterned trials was
0.74 seconds. The reaction time to patterned trials of Peruvian children was lower than that of
Ethiopian children (0.71 for Peruvian children compared to 0.72 for Ethiopian children). Figure
13 shows the reaction time distributions of both countries when adopting the second
definition. On average, the reaction time of Ethiopian and Peruvian children to block 4 non-
patterned trials was 0.73 seconds. Peruvian children’s reaction to time block 5 patterned trials
was 0.70 seconds, while Ethiopian children’s reaction time to the same patterned trials was
0.71 seconds.

Performance indicator distributions based on all non-patterned and patterned
blocks: reaction time (in seconds), Ethiopia and Peru Younger Cohort index
children
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Figure 13. Performance indicator distribution based on block 4 (non-patterned) and block 5

(patterned): reaction time (in seconds), Ethiopia and Peru Younger Cohort index
children
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Table B6 reports the differences by child and household characteristics based on all non-
patterned (baseline) and patterned (challenge) blocks. As expected, average response times
were significantly lower among older children. On average, index children in Peru and
Ethiopia had response times that were 0.06 and 0.05 seconds lower than their younger
siblings, respectively. Males also had lower average response times than females in both
countries. When analysing household characteristics, we observe that wealthier children and
children from urban areas performed better on average. Children from the top wealth quintile
in Peru and Ethiopia had response times that were 0.038 and 0.034 seconds quicker than
those in the lowest wealth quintile, respectively, while children from urban areas reacted
0.029 and 0.025 seconds faster, respectively. Response times were also lower for children
whose mothers have more schooling. Fewer studies have examined individual differences in
implicit learning than in other aspects of cognitive function assessed in RACER; however,
research does suggest that family experiences and age impact implicit learning task
performance (Finn et al. 2019; Sheridan et al. 2018).
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Tips for effective use of RACER
data In statistical analysis

Controlling for RACER baseline trial measures

During analysis, it is recommended that challenge performance measures are always
compared to baseline performance measures, so that the within-person difference is used as
an indication of the person’s foundational cognitive ability specifically, rather than their
general ability to perform cognitive tasks. This comparison of these two types of trials should
help account for any between-country, cross-children, and setting differences in task
performance related to interpreting two-dimensional stimuli or responding by touching a
tablet, as these should contribute equally to both baseline and challenge trials.

Controlling for age

In order to compare assessed cognitive skills between index children and their siblings, it is
recommended to control for the effect of age on the development of foundational cognitive
skills. It would be inappropriate to simply estimate differences in foundational cognitive skills
across these groups by comparing the raw task data, because of imperfect overlap in the
performance distributions due to differences in age. For example, as Figure 14 illustrates for
the Ethiopian sample, the distributions of response times in baseline trials on the inhibitory
control game differed substantially for index children and their younger siblings. The median
response time on baseline trails among younger siblings was 1.21 seconds; among the index
children, this response time was at the 70th percentile.

Baseline indicator distribution for index children versus younger siblings:
response time (in seconds), Ethiopia
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If challenge effects vary across the baseline distributions, the difference between average
challenge effects among the index children and the average effects among their siblings will
in part reflect differences in the distribution of baseline response times between ages, rather
than differences in foundational cognitive skills. Therefore, to be able to pool observations
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and compare cognitive outcomes across different ages, we recommend controlling for the
effect of age on foundational cognitive skills (or, alternatively, to standardise by age).

As an example, the Stata code below shows how to standardise the performance measure for
long-term memory (task1) according to age in years (for individuals aged 6 to 26) and
generate a new, standardised challenge measure:

forval i = 6/26{
egen std_task1_'i’ =std(task1) if age=="’

gen std_task1=.

forval i = 6/26{

’

replace std_task1 =std_task_'i’ if age=="i

}

drop std_task1_*

Other aspects to consider

A team of researchers that has analysed the RACER data collected in the Young Lives study,
as part of the ‘Early-life determinants of foundational cognitive skills: the roles of nutritional
investments, pre-schooling and anti-poverty social programs’! project funded by the National
Institutes of Health (the YL-NIH team), decided to take the following steps for statistical
analysis of the RACER data:

i Inverting measures for improved communication: As the relevant performance
indicators differ between the RACER tasks, the communication of improvements in
foundational cognitive skill is complicated. For example, in the inhibitory control task, one
of the possible performance measures is response/reaction time (in seconds) — in which a
lower score reflects higher inhibitory control. Conversely, in the long-term memory game,
the preferred performance measure is the percentage of trials the child got correct at first
touch —in which a higher score reflects higher long-term memory. In order to make the
communication of statistical analysis more straightforward, the YL-NIH team inverted the
baseline and performance measures of the inhibitory control, working memory and implicit
learning games so that, for all RACER tasks, an increase in the outcome variable is

""" The publications from this project can be found at https://www.younglives.org.uk/research-project/cognitive-skills-ethiopia-and-peru
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associated with an improvement in foundational cognitive skills. For example, the Stata
code below shows how the researchers inverted the challenge measure of working
memory (task3):

gen itask3 = 1/task3

ii Collapsing trial-level data into child-level data: The YL-NIH team decided to collapse
the trial-level data into child-level data. This implies that, for each child, for each task there
is one baseline observation and one challenge observation, each of which is the average
of multiple trials.

iii Taking the logarithm of Euclidean distance measures: The YL-NIH team found that, for
performance outcomes which measure the Euclidean distance (in pixels), taking the
logarithm leads to a distribution that is much closer to approximating the normal
distribution than do the raw data. As an illustration, Figure 15 compares, for game three
(finding the dots’), the distribution of the raw Euclidean distance (in pixels) data and its
logarithm. The logarithms are included in the datasets that are being archived (Section 6).

Figure 15. Performance indicator distributions, raw values versus logarithm: Euclidean
distances (in pixels) based on multiple-dot, long-delay trials, Ethiopia and Peru

Ethiopia Peru
Deviation (log scale) Deviation (log scale)
35 4 4.5 5 55 6 35 4 45 s

| ) | ) | ' |

Density
2

005 = -5 005 —

| ' | | | | | | ' | '
0 100 200 300 400 500 0 100 200 300 400
Deviation Deviation

Rawdata [ Logscale Rawdata ] Logscale

i Definition of challenge and baseline trials for working memory: For working memory
there are two types of baseline/challenge comparisons: single dot versus multiple dots,
and short-delay versus long-delay trials (see Section 4). For their analysis, the YL-NIH
team decided to define baseline trials as those trials that were simultaneously short delay
and single dot, and challenge trials as those that were simultaneously long delay and
multiple dots.

i Definition of long-term memory and inhibitory control performance measures: In the
games for long-term memory and inhibitory control, there are two potential performance
measures available — both of which capture valuable information about the child’s
foundational cognitive skills (see Table 8). For long-term memory, the YL-NIH team chose
to use the percentage of trials correct at first touch as the preferred measure. For
inhibitory control, the team chose to create an equally weighted average of both
performance standardised indicators as the preferred outcome of interest. The Stata code
for the challenge performance measure is shown below:

g task2_a=0.5*euclideandave_opp +0.5*resptimeave_opp
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Potential performance measures in RACER games

RACER game Cognitive task Possible outcome measures Preferred outcome
measure

Memory game Long-term Percentage of trials correct at first touch ~ Percentage of trials

memory Total number of touches/choices made szl e
before correct pair
Sides game Inhibitory control Response time (in seconds) Equally weighted average
Euclidean distance of touch from centre Ef relzponscej.tltme and
of dot (in pixels) (in log scale) uclidean aistance
Finding the dots Working memory  Euclidean distance of touch to centre of ~ Euclidean distance
dot (in pixels) (in log scale)
Catching Implicit learning Response time (in seconds) Response time

chickens/Chasing dots

vi The YL-NIH team standardised all outcomes (after inversion and/or after taking logs).

Database and data dictionary

One dataset will be archived, which contains information on all RACER games in both
Ethiopia and Peru. In the dataset, there is an identifier variable for the RACER task
(task_num), which can be used to isolate a particular game. Tables C1 to C4 report a list of
the variables available in the dataset for each foundational skill task. The averaged variables,
constant at the child level, are obtained by averaging the data for each individual at the trial
level.

The archived RACER dataset will be available for download from the UK Data Archive by the
end of 2023 (Table 9).

List of archived FCS tasks and data dictionaries

Data dictionary Foundational cognitive skill tested

1and 5 Table C1 Long-term memory
2 Table C2 Inhibitory control

3 Table C3 Working memory

4 Table C4 Implicit learning
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Appendices

Appendix A

Figure A1. Shapes used in the memory game

10

Figure A2. Pairs used in the memory game
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Appendix B
Table B1. [ong-term memory (average percentage of correct answers at the first touch)
S 777 P Py | M ey P ey ey
Index children and Index children and
younger siblings younger siblings
Average Average
Index child 1,873 0.408 0.220 Index child 1,803 0.365 0.270
Younger sibling 783 0.366 0.000 0.244 0.002 Younger sibling 933 0.341 0.000 0.298 0.000
By age By age
7 or less 217 0.351 0.251 7 or less 125 0.345 0.323
8 171 0.332 0.201 0.234 0.369 8 242 0.328 0.320 0.306 0.485
9 239 0.379 0.001 0.248 0.833 9 314 0.335 0.516 0.281 0.057
10 130 0.414 0.000 0.242 0.652 10 193 0.342 0.842 0.288 0.155
" 1,001 0.409 0.000 0.216 0.006 " 639 0.359 0.370 0.281 0.050
12 860 0.405 0.000 0.225 0.059 12 1,206 0.371 0.097 0.267 0.005
13 2 0.388 0.724 0.250 0.656
Index child only Index child only
By gender By gender
Male 944 0.406 0.218 Male 951 0.374 0.268
Female 929 0.410 0.562 0.222 0.632 Female 852 0.355 0.013 0.271 0.787
By wealth (Round 1) By wealth (Round 1)
Bottom quintile 375 0.371 0.222 Bottom quintile 373 0.351 0.311
Top quintile 371 0.445 0.000 0.218 0.759 Top quintile 351 0.431 0.000 0.270 0.011
By urban-rural By urban-rural
Urban 1,375 0.421 0.219 Urban 664 0.416 0.260
Rural 497 0.369 0.000 0.224 0.622 Rural 1,138 0.336 0.000 0.276 0.123
By maternal schooling By maternal schooling
attainment attainment
Less than primary 650 0.377 0.218 No schooling 877 0.340 0.257
Complete primary 526 0.403 0.004 0.214 0.620 Lower primary 417 0.362 0.013 0.292 0.004
(grades 1-4)
Complete secondary 377 0.430 0.000 0.227 0.458 Upper primary 274 0.406 0.000 0.280 0.097
(grades 5-8)
Higher education 255 0.463 0.000 0.229 0.420 More than 8 grades 174 0.445 0.000 0.280 0.171
By maternal native By region
tongue
Non-Spanish 529 0.387 0.211 Addis Ababa 263 0.460 0.278
Spanish 1,314 0.416 0.001 0.225 0.117 Amhara 351 0.362 0.000 0.230 0.003
Oromia 384 0.378 0.000 0.302 0.149
SNNP 421 0.351 0.000 0.317 0.024
Tigray 380 0.306 0.000 0.217 0.000

Notes: For each child, trial-level data were collapsed into a unique observation (the average). P-values correspond to the results of t-tests testing the null

hypothesis that the mean difference is equal to zero.

39



MEASURING FOUNDATIONAL COGNITIVE SKILLS IN YOUNG LIVES USING RACER

Table B2. [nhibitory control (average response time, in seconds)

Index children and

Index children and

younger siblings younger siblings

Average Average

Index child 1,877 1.114 1.076 Index child 1,811 1.175 1.133

Younger sibling 785 1.284 0.000 1.224 0.000 Younger sibling 938 1.272 0.000 1.216 0.000

By age By age

7 or less 271 1.363 1.287 7 or less 125 1.312 1.266

8 172 1.273 0.000 1.227 0.002 8 243 1.293 0.316 1.233 0.096

9 240 1.260 0.000 1.202 0.000 9 316 1.268 0.016 1.208 0.002

10 130 1.218 0.000 1.161 0.000 10 195 1.259 0.008 1.199 0.001

" 1,003 1.120 0.00 1.083 0.000 " 641 1.185 0.000 1.140 0.000

12 862 1.106 0.000 1.069 0.000 12 1,212 1.170 0.000 1.129 0.000
13 2 1.136 0.124 1.060 0.117

Index child only Index child only

By gender By gender

Male 946 1.094 1.056 Male 957 1.173 1.130

Female 931 1.133 0.000 1.097 0.000 Female 854 1.178 0.574 1.136 0.378

By wealth (Round 1) By wealth (Round 1)

Bottom quintile 375 1.178 1.137 Bottom quintile 375 1.185 1.142

Top quintile 373 1.033 0.000 1.000 0.000 Top quintile 354 1.113 0.000 1.088 0.000

By urban-rural By urban-rural

Urban 1,378 1.091 1.053 Urban 669 1.145 1.110

Rural 498 1477 0.000 1.141 0.000 Rural 1,141 1.193 0.000 1.146 0.000

By maternal schooling By maternal schooling

attainment attainment

Less than primary 650 1.162 1.124 No schooling 879 1.203 1.158

Complete primary 528 1.113 0.000 1.078 0.000 Lower primary 418 1.167 0.000 1.122 0.000
(grades 1-4)

Complete secondary 377 1.081 0.000 1.042 0.000 Upper primary 279 1.145 0.000 1.107 0.000
(grades 5-8)

Higher education 256 1.035 0.000 0.999 0.000 More than 8 grades 174 1.093 0.000 1.067 0.000

By maternal native By region

tongue

Non-Spanish 528 1.144 1.109 Addis Ababa 264 1.116 1.090

Spanish 1,318 1.102 0.000 1.064 0.000 Amhara 351 1.173 0.000 1.124 0.005
Oromia 387 1477 0.000 1.125 0.004
SNNP 425 1.157 0.002 1.126 0.004
Tigray 380 1.238 0.000 1.187 0.000

Notes: For each child, trial-level data were collapsed into a unique observation (the average). P-values correspond to the results of t-tests testing the null

hypothesis that the mean difference is equal to zero.
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Table B3. /Inhibitory control (average Euclidean distance, log scale)

Index children and

Index children and

younger siblings younger siblings

Average Average

Index child 1,877 4439 3.207 Index child 1,811 4.598 3.381

Younger sibling 785 4.648 0.000 3.414 0.000 Younger sibling 938 4.745 0.000 3.564 0.000

By age By age

7 orless 271 4.678 3.574 7 or less 125 4.787 3.661

8 172 4.640 0.446 3410 0.001 8 243 4.780 0.895 3.599 0.186

9 240 4617 0.199 3.337 0.000 9 316 4771 0.758 3.568 0.039

10 130 4.639 0.488 3.271 0.000 10 195 4.675 0.043 3.499 0.000

" 1,003 4522 0.000 3.207 0.000 " 641 4.608 0.000 3.400 0.000

12 862 4.564 0.009 3.204 0.000 12 1,212 4592 0.000 3.373 0.000
13 2 4771 0.964 3.421 0.428

Index child only Index child only

By gender By gender

Male 946 4.489 3214 Male 957 4578 3.388

Female 931 4.589 0.000 3.199 0.391 Female 854 4.619 0.084 3.373 0.365

By wealth (Round 1) By wealth (Round 1)

Bottom quintile 375 4.668 3.272 Bottom quintile 375 4.624 3.418

Top quintile 373 4.365 0.000 3172 0.001 Top quintile 354 4.486 0.000 3.327 0.000

By urban-rural By urban-rural

Urban 1,378 4471 3.169 Urban 669 4525 3.319

Rural 498 4721 0.000 3.310 0.000 Rural 1,141 4.640 0.000 3.418 0.000

By maternal schooling By maternal schooling

attainment attainment

Less than primary 650 4.663 3.287 No schooling 879 4.629 3.413

Complete primary 528 4531 0.000 3.169 0.000 Lower primary 418 4.602 0.373 3.365 0.017
(grades 1-4)

Complete secondary 377 4.421 0.000 3.165 0.000 Upper primary 279 4.506 0.000 3.332 0.001
(grades 5-8)

Higher education 256 4411 0.000 3.136 0.000 More than 8 grades 174 4.592 0.377 3.337 0.007

By maternal native By region

tongue

Non-Spanish 528 4.665 3.285 Addis Ababa 264 4.497 3.299

Spanish 1,318 4.488 0.000 3.175 0.000 Amhara 351 4.554 0.157 3.351 0.062
Oromia 387 4615 0.004 3.398 0.001
SNNP 425 4.565 0.085 3.426 0.000
Tigray 380 4728 0.000 3.400 0.001

Notes: For each child, trial-level data were collapsed into a unique observation (the average). P-values correspond to the results of t-tests testing the null

hypothesis that the mean difference is equal to zero.

41



Table B4.

MEASURING FOUNDATIONAL COGNITIVE SKILLS IN YOUNG LIVES USING RACER

Working memory (average Euclidean distance, log scale), long delay (challenge)
versus short delay (baseline)

Index children and Index children and

younger siblings younger siblings

Average Average 1,806 4.464 4.186

Index child 1,872 4.383 4.150 Index child 935 4.691 0.000 4.424 0.000

Younger sibling 780 4.586 0.000 4.370 0.000 Younger sibling

By age By age 124 4792 4517

7 or less 215 4732 4.541 7 or less 243 4752 0.351 4503 0.795

8 170 4535 0.000 4.342 0.000 8 315 4.691 0.013 4.403 0.020

9 239 4.546 0.000 4.304 0.000 9 194 4590 0.000 4328 0.001

10 130 4.488 0.000 4.253 0.000 10 639 4.489 0.000 4216 0.000

" 999 4.394 0.000 4.154 0.000 " 1,209 4.454 0.000 4174 0.000

12 861 4.369 0.000 4.146 0.000 12 2 4.386 0.145 4.091 0.210
13

Index child only Index child only

By gender By gender 953 4.425 4.150

Male 941 4337 4.105 Male 853 4.508 0.000 4.221 0.000

Female 931 4.429 0.000 4.196 0.000 Female

By wealth (Round 1) By wealth (Round 1) 374 4.527 4.256

Bottom quintile 374 4.485 4.269 Bottom quintile 352 4.393 0.000 4125 0.000

Top quintile 373 4.278 0.000 4.054 0.000 Top quintile

By urban-rural By urban-rural 666 4.407 4.131

Urban 1,373 4342 4.268 Urban 1,139 4.498 0.000 4219 0.000

Rural 498 4.497 0.000 4.108 0.000 Rural

By maternal schooling By maternal schooling 877 4.490 2.207

attainment attainment

Less than primary 650 4.466 4.234 No schooling 418 4.468 0.239 4.200 0.758

Complete primary 527 4.384 0.000 4.153 0.000 Lower primary 276 4.405 0.000 4.119 0.000
(grades 1-4)

Complete secondary 376 4315 0.000 4.070 0.000 Upper primary 174 4.437 0.039 4177 0.307
(grades 5-8)

Higher education 254 4.267 0.000 4.050 0.000 More than 8 grades

By maternal native By region 264 4.380 4115

tongue

Non-Spanish 528 4.457 4.228 Addis Ababa 351 4.431 0.021 4.148 0.186

Spanish 1,313 4.354 0.000 4.120 0.000 Amhara 385 4.451 0.005 4.169 0.051
Oromia 422 4534 0.000 4.253 0.000
SNNP 380 4.489 0.000 4217 0.000
Tigray 1,806 4.464 4.186

Notes: For each child, trial-level data were collapsed into a unique observation (the average). P-values correspond to the results of t-tests testing the null

hypothesis that the mean difference is equal to zero.
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Table B5.

MEASURING FOUNDATIONAL COGNITIVE SKILLS IN YOUNG LIVES USING RACER

Working memory (average Euclidean distance, log scale), multiple dots
(challenge) versus single dot (baseline)

Index children and Index children and

younger siblings younger siblings

Average Average

Index child 1,872 4.347 3.794 Index child 1,806 4411 3.822

Younger sibling 780 4.550 0.000 4.057 0.000 Younger sibling 935 4.633 0.000 4.155 0.000

By age By age

7 or less 215 4.701 4.240 7 or less 124 4726 4.300

8 170 451 0.000 4.019 0.001 8 243 4.694 0.450 4.291 0.907

9 239 4.497 0.000 4.008 0.000 9 315 4.627 0.013 4117 0.010

10 130 4.450 0.000 3914 0.000 10 194 4538 0.000 4.018 0.000

" 999 4.356 0.000 3.797 0.000 " 639 4438 0.000 3.848 0.000

12 861 4.336 0.000 3.788 0.000 12 1,209 4.400 0.000 3.810 0.000
13 2 4.351 0.168 3.524 0.113

Index child only Index child only

By gender By gender

Male 941 4.297 3.781 Male 953 4.371 3.797

Female 931 4.397 0.000 3.807 0.246 Female 853 4.455 0.000 3.850 0.031

By wealth (Round 1) By wealth (Round 1)

Bottom quintile 374 4.446 3.964 Bottom quintile 374 4.468 3.943

Top quintile 373 4.251 0.000 3.675 0.000 Top quintile 352 4.354 0.000 3.680 0.000

By urban-rural By urban-rural

Urban 1,373 4.307 3.739 Urban 666 4.364 3.397

Rural 498 4.456 0.000 3.945 0.000 Rural 1,139 4439 0.000 3.895 0.000

By maternal schooling By maternal schooling

attainment attainment

Less than primary 650 4.425 3.912 No schooling 877 4.430 3.883

Complete primary 527 4.348 0.000 3.794 0.000 Lower primary 418 4.417 0.488 3.837 0.154
(grades 1-4)

Complete secondary 376 4.279 0.000 3.680 0.000 Upper primary 276 4.357 0.000 3.695 0.000
(grades 5-8)

Higher education 254 4.245 0.000 3.650 0.000 More than 8 grades 174 4.403 0.278 3.721 0.000

By maternal native By region

tongue

Non-Spanish 528 4417 3.892 Addis Ababa 264 4.340 3.677

Spanish 1,313 3.318 0.000 3.754 0.000 Amhara 351 4379 0.073 3.764 0.016
Oromia 385 4.393 0.031 3.827 0.000
SNNP 422 4477 0.000 3911 0.000
Tigray 380 4434 0.000 3.872 0.000

Notes: For each child, trial-level data were collapsed into a unique observation (the average). P-values correspond to the results of t-tests testing the null

hypothesis that the mean difference is equal to zero.

43



Table B6.

Index children and
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Implicit learning (reaction times, in seconds)

Index children and

younger siblings younger siblings

Average Average

Index child 1,869 0.706 0.741 Index child 1,810 0.719 0.725

Younger sibling 780 0.761 0.000 0.772 0.000 Younger sibling 937 0.764 0.000 0.772 0.000

By age By age

7 or less 214 0.776 0.773 7 or less 124 0.780 0.777

8 172 0.761 0.047 0.772 0.905 8 243 0.773 0.319 0.781 0.558

9 238 0.755 0.006 0.772 0.773 9 316 0.761 0.010 0.771 0.306

10 130 0.748 0.001 0.771 0.791 10 195 0.758 0.006 0.765 0.105

" 1,001 0.709 0.000 0.743 0.000 " 641 0.725 0.000 0.749 0.000

12 856 0.703 0.000 0.738 0.000 12 1,211 0.716 0.000 0.740 0.000
13 2 0.726 0.267 0.729 0.227

Index child only Index child only

By gender By gender

Male 941 0.691 0.730 Male 957 0.708 0.734

Female 928 0.722 0.000 0.751 0.000 Female 853 0.731 0.000 0.753 0.000

By wealth (Round 1) By wealth (Round 1)

Bottom quintile 371 0.723 0.752 Bottom quintile 374 0.727 0.749

Top quintile 374 0.685 0.000 0.722 0.000 Top quintile 354 0.693 0.000 0.722 0.000

By urban-rural By urban-rural

Urban 1,374 0.699 0.735 Urban 669 0.703 0.732

Rural 494 0.728 0.000 0.756 0.000 Rural 1,140 0.728 0.000 0.749 0.000

By maternal schooling By maternal schooling

attainment attainment

Less than primary 646 0.722 0.753 No schooling 878 0.726 0.748

Complete primary 527 0.709 0.015 0.743 0.007 Lower primary 418 0.720 0.216 0.745 0.477
(grades 1-4)

Complete secondary 376 0.697 0.000 0.734 0.000 Upper primary 279 0.705 0.000 0.733 0.000
(grades 5-8)

Higher education 255 0.676 0.000 0.716 0.000 More than 8 grades 174 0.696 0.000 0.723 0.000

By maternal native By region

tongue

Non-Spanish 524 0.716 0.747 Addis Ababa 264 0.700 0.727

Spanish 1,314 0.703 0.006 0.738 0.013 Amhara 351 0.721 0.001 0.745 0.000
Oromia 387 0.732 0.000 0.752 0.000
SNNP 424 0.710 0.099 0.737 0.051
Tigray 380 0.727 0.000 0.749 0.000

Notes: For each child, trial-level data were collapsed into a unique observation (the average). P-values correspond to the results of t-tests testing the null

hypothesis that the mean difference is equal to zero.
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Table CA1.
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Appendix C

Data dictionary for long-term memory tasks

Concept: Long-term memory (task 1 and 5)

Variable label Variable name in STATA

Unique child identifier childid
|dentifies whether child is sibling or index child sibling
RACER task number task_num
Game round number round
Trial number trialnum
Equals 1 if correct at first touch holeinone

Percentage of correct first touches, out of 18 trials
Percentage of correct first touches, out of six trials
Hour of test, in increments of 4 hours

Equals 1 if test was done on a weekend

Number of practice trials

Pair identifier

Number of touches until correct pair

Average number of touches until correct pair, per round

Number of correct first touches, per round
Percentage of correct first touches, per round
Number of correct first touches, out of 18 trials
Number of correct first touches, out of six trials
Date of test

Hour of test

Day of the week

Minutes between task 1 and task 6

Percentage of correct first touches out of 18 trials

perc_holeinone_r2tor4
perc_holdinone_r1
hr_by4

wkend

practices

pair

touches
ave_touch_rnd
total_holeinone_rnd
perc_holeinone_rnd
total_holeinone_r2tor4
total_holeinone_r1
mdy

hr

dow

timegap

flag
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Data dictionary for inhibitory control task

Concept: Inhibitory control (task 2)

Variable label

Unique child identifier

Identifies whether child is sibling or index child

RACER task number

Trial number for opposite side trials

Time to touch (seconds)

Equals one if touched the correct side

Euclidean distance from touch to correct location, opposite side trials
Horizontal distance from touch to correct location, opposite side trials
Average reaction time for opposite side trials

Average reaction time for same side trials

Average horizontal distance from touch to correct location, opposite side trials
Average Euclidean distance from touch to correct location, opposite side trials
Average horizontal distance from touch to correct location, same side trials
Average Euclidean distance from touch to correct location, same side trials
Number of same side time outs

Number of opposite side time outs

Number of timeouts (out of all 60 trials)

Number of correct same side touches

Number of correct opposite side touches

Number of correct touches (out of all 60 trials)

Hour of test, in increments of 4 hours

Equals 1 if test was done on a weekend

Number of practice trials

Trial number, within task/block

Timed out (no press within 2.5 seconds)

Date of test

Hour of test

Day of the week

Variable name in STATA

childid

sibling

task_num
trialnum_opp
resptime_opp
correct_opp
euclideand_opp
horizontald_opp
resptimeave_opp
resptimeave_same
horizontaldave_opp
euclideandave_opp
horizontaldave_same
euclideandave_same
timeoutn_same
timeoutn_opp
timeoutn_all
correctn_same
correctn_opp
correctn_all

hr_by4

wkend

practices

trialnum

timeout

mdy

hr

dow




Table C3.
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Data dictionary for working memory task

Concept: Working memory (task 3)

Variable label

Unique child identifier

Identifies whether child is sibling or index child
RACER task number

Trial type: number of dots

Euclidean distance from touch to the correct location
Response time

Percentage of timeouts trials (out of all 42 trials)

Percentage of short delay trials valid and answered (out of all 42 trials)

Percentage of long delay trials valid and answered (out of all 42 trials)

Percentage of 1 dot trials valid and answered (out of all 42 trials)

Percentage of multiple dot trials valid and answered (out of

Average Euclidean distance from touch to correct location,
trials

Average Euclidean distance from touch to correct location,
trials (log scale)

Average Euclidean distance from touch to correct location,
trials

Average Euclidean distance from touch to correct location,
trials (log scale)

Average Euclidean distance from touch to correct location,
trials

Average Euclidean distance from touch to correct location,
trials (log scale)

Average Euclidean distance from touch to correct location,

Average Euclidean distance from touch to correct location,
scale)

Average Euclidean distance from touch to correct location,

Average Euclidean distance from touch to correct location,
scale)

Average Euclidean distance from touch to correct location,

Average Euclidean distance from touch to correct location,
scale)

Average Euclidean distance from touch to correct location,

Average Euclidean distance from touch to correct location,
scale)

Average Euclidean distance from touch to correct location,
trials

Average Euclidean distance from touch to correct location,
trials (log scale)

Average Euclidean distance from touch to correct location,
long delay trials

Average Euclidean distance from touch to correct location,
long delay trials (log scale)

Average response time, multiple dot trials
Average response time, single dot trials
Average response time, long delay trials

Average response time, short delay trials

all 42 trials)
single dot long delay

single dot long delay

single dot short delay

single dot short delay

multiple dot short delay

multiple dot short delay

multiple dot trials

multiple dot trials (log

single dot trials

single dot trials (log

long delay trials

long delay trials (log

short delay trials
short delay trials (log

long delay single dot

long delay single dot

long delay multiple dot

long delay multiple dot

Variable name in STATA

childid
sibling
task_num
|dot

dev

time
timeoutn_all
delayn_all_0
delayn_all_1
dotn_all_0
dotn_all_1

euclidean_sdot_delay_1

euclideandave_sdot_delay_1

euclidean_sdot_delay_0

euclideandave_sdot_delay_0

euclidean_mdot_delay_0

euclideandave_mdot_delay_0

euclidean_dots_1

euclideandave_dots_1

euclidean_dots_0

euclideandave_dots_0

euclidean_delay_1

euclideandave_delay_1

euclidean_delay_0

euclideandave_delay_0

euclidean_dot_0

euclideandave_dot_0

euclidean_dot_1

euclideandave_dot_1

resptimeave_dot_1
resptimeave_dot_0
resptimeave_delay_1

resptimeave_delay_0
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Variable label Variable name in STATA

Percentage of 2 or 3 dots trials valid and answered (out of all 42 trials) dotn_all_1
Percentage of 1 dot trials valid and answered (out of all 42 trials) dotn_all_0
Percentage of long delay trials valid and answered (out of all 42 trials) delayn_all_1
Percentage of short delay trials valid and answered (out of all 42 trials) delayn_all_0
Hour of test, in increments of 4 hours hr_by4
Equals 1 if test was done on a weekend wkend
Number of practice trials practices
Trial number, within task/block trialnum

Table C4. Data dictionary for implicit learning task

Concept: Implicit learning (task 4)

Variable label Variable name in STATA

Unique child identifier childid

Identifies whether child is sibling or index child sibling

RACER task number task_num

Block number block

Trial number, within block trialnum
Response time for trial (in seconds) resptime_patt
Average response time of trials in blocks 3 and 5 (patterned) resptimeave_patt
Average response time of trials in blocks 1 and 4 (unpatterned) resptimeave_unpatt
Number of non-missing trials in blocks 3 and 5 count_patt
Number of non-missing trials in blocks 1 and 4 count_unpatt
Number of practice trials practices

Hour of test, in increments of 4 hours hr_by4

Equals 1 if test was done on a weekend wkend

Date of test mdy

Hour of test hr

Day of the week dow

1 if touched near dot; 0 if no touch or far from dot correct
Average response time of trials in block 1 resptimeave_b1
Average response time of trials in block 2 resptimeave_b2
Average response time of trials in block 3 resptimeave_b3
Average response time of trials in block 4 resptimeave_b4
Average response time of trials in block 5 resptimeave_b5
Number of non-missing trials in block 1 count_b1
Number of non-missing trials in block 2 count_b2
Number of non-missing trials in block 3 count_b3
Number of non-missing trials in block 4 count_b4
Number of non-missing trials in block 5 count_b5
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