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Many childhood assessments rely on picture stimuli, but children in diverse early environments possess
varying amounts of experience with pictures. Two preregistered experiments, conducted in 2022-2023,
investigated whether picture assessments are valid across diverse contexts. Low-to-middle-income children
(n =192, 2-7 years, 85 females, all Black) in their first month of formal schooling in Mombasa County,
Kenya, an early environment with relatively few pictures, performed more accurately on an object
vocabulary task than a picture vocabulary task (B = 0.07, p < .001; Experiment 1). Middle-to-high-income
children (n = 96, 2-3 years, 52 females, predominantly White and Asian) in the San Francisco Bay Area, an
early environment with relatively more pictures, performed similarly on object and picture vocabulary tasks
(B=0.02, p=.60; Experiment 2). Consequently, these results tentatively suggest that assessments involving
pictures may underestimate children’s capacities in some contexts. To accurately measure developing
capacities in children from diverse backgrounds, it is critical that assessment tools are appropriately adapted

to environmental contexts.

Public Significance Statement

Researchers frequently use picture-based assessments across cultures and contexts. We found that
preschoolers in a Kenyan context (Mombasa County) were more accurate on an object-based vocabulary
assessment than a picture-based vocabulary assessment, whereas toddlers and preschoolers in an
American context (San Francisco Bay Area) were equally accurate on an object-based vocabulary
assessment and a picture-based vocabulary assessment. These findings tentatively suggest that picture-
based assessments may sometimes underestimate children’s capacities, particularly in some global
contexts where children may have relatively little experience with pictures.

Keywords: cognitive development, pictures, vocabulary, assessments, global contexts

The most widely used assessments of early cognitive and so-
cioemotional abilities—such as the Bayley Scales of Infant and
Toddler Development, Denver Developmental Screening Test,
Peabody Picture Vocabulary Test, and Wechsler Preschool and
Primary Scale of Intelligence—were all initially developed in

high-income Western contexts (Fernald et al., 2017). These
assessments often involve picture stimuli that may be less frequent
or entirely unfamiliar to children in other cultures and contexts
(Callaghan et al., 2011, 2012; Walker et al., 2013). It is unknown
how children growing up in diverse global contexts might interpret
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these kinds of infrequent or unfamiliar stimuli, and it is possible
that having differing interpretations of these kinds of stimuli might
consequently change the validity of assessment scores (Cromwell
et al., 2014; Jukes et al., 2024; Ranjitkar et al., 2018).

Previous research with North American convenience samples
shows that toddlers and preschoolers growing up in relatively
high-income Western contexts possess a sophisticated under-
standing of pictures. U.S. toddlers understand that pictures are
simultaneously objects—for example, a small, thin photo—as well as
representations—for example, a depiction of a car (DeLoache et al.,
1998; Preissler & Bloom, 2007). U.S. 2- and 3-year-olds are also
sensitive to the artists’ intentions when interpreting the content of
a picture (Bloom & Markson, 1998; Preissler & Bloom, 2008).
Moreover, 3- and 4-year-olds can form abstract inferences from
sparse visual representations, for example, by labeling a big circle
as an elephant and a small circle as a mouse (Bloom & Markson,
1998). Given this well-established body of literature demon-
strating that relatively high-income Western children possess an
early-emerging capacity to understand pictures, assessments
involving pictures are likely to be valid in these high-income
Western contexts, even for relatively young children. For example,
the most recent version of the Peabody Picture Vocabulary Test
(Dunn, 2019) is deemed appropriate for children ages 2.5 years
and up.

It is unclear to what extent the development of picture com-
prehension relies on early experience with pictures. Some research
suggests that recognizing the content of pictures may be an intuitive
cognitive capacity: For example, 3-month-olds can perceive facial
expressions on screens (Barrera & Maurer, 1981), suggesting that
infants can already understand the content of visual representations.
Additionally, psychologists Hochberg and Brooks (1962) did not
expose their own child to visual representations until 19 months of
age, but their child was still able to recognize and name objects in
pictures upon his very first encounters. However, researchers have
also argued that the development of picture comprehension de-
pends in part on picture experience (Callaghan, 2020). In one
study, Piraha adults, who live a hunter—gatherer lifestyle in Brazil
and have limited exposure to modern visual media, showed some
difficulty recognizing the content of two-tone black-and-white
images (Yoon et al., 2014). In an autobiographical account, a
Maasai warrior originating from rural Tanzania detailed his initial
confusion when first encountering black-and-white drawings and
movies (Saitoti, 1986).

Consequently, children who have different understandings of
pictures might respond differently to information conveyed through
pictures. Just as it is inappropriate to assess the vocabulary of
English-speaking American children with instructions in Swahili
(i.e., a language they are likely unfamiliar with), it may also be
inappropriate to assess the cognitive capacities of children growing
up in picture-sparse environments with experimental paradigms
involving pictures (i.e., a medium they are unfamiliar with).
Differences in picture comprehension may drastically change the
validity of assessments in global contexts (Zhu, Kilonzo, et al.,
2025; Zuilkowski et al., 2016). Indeed, some early studies show
that children growing up in picture-sparse contexts perform more
accurately on tasks involving objects than on tasks involving
pictures. Toddlers living in a rural village in the Kibaha-Pwani
District of Tanzania’s Coast Region—an early environment with
few pictures—successfully learned a novel word for a novel

object, but did not learn a novel word for a photograph of the
novel object (Walker et al., 2013). Similarly, preschoolers living
in picture-sparse rural environments in India (i.e., a village 70 km
from Vijayawada, Andhra Pradesh) and Peru (i.e., a village in the
rural Montaro Valley area of the Central Highlands) performed
more accurately on a false belief task involving objects than on a
false belief task involving black-and-white line drawings (Callaghan
et al., 2012). However, due to the challenges of conducting cross-
cultural research, these previous studies have relied on relatively
small sample sizes: For example, Walker et al.’s (2013) studies with
Tanzanian toddlers involved an average of 15 participants (ranging
from 12 to 20 participants) in each age group, and Callaghan et al.’s
(2012) research involved an average of 13.5 Peruvian child parti-
cipants (ranging from 12 to 15 participants) and 14 Indian child
participants (ranging from 11 to 17 participants) per age group. Thus,
while these studies tentatively suggest that children who predomi-
nantly encounter pictures in school materials and assessment tools
might perform less accurately on assessments that involve picture
stimuli, more work with larger sample sizes is required to concep-
tually replicate and extend these findings. Moreover, while previous
research has examined differences in children’s performance on tasks
involving object and photograph stimuli (Walker et al., 2013) and
object and black-and-white line drawing stimuli (Callaghan et al.,
2012), we investigate differences in children’s performance on tasks
involving object stimuli and another kind of picture stimuli frequently
used in children’s learning materials and assessments, namely colored
cartoons.

The current research examined the validity of assessments invol-
ving pictures in two contexts, namely Mombasa County, Kenya, and
the San Francisco Bay Area, United States. We assessed children’s
knowledge of nouns, number words, and color words, through a
receptive vocabulary task involving either picture or object stimuli.
Experiment 1 explored whether low-to-middle-income Mombasa
County children in their first year of formal schooling (i.e.,
Preprimary 1)—who may generally possess less picture experience
than their high-income Western counterparts—might perform
more accurately on a receptive vocabulary task involving objects,
compared to the same receptive vocabulary task involving pic-
tures. Experiment 2 explored whether high-income children in the
San Francisco Bay Area, United States—who possess substantially
more picture experience—might perform equally accurately on
a receptive vocabulary task involving objects and a receptive
vocabulary task involving pictures. Overall, the current research
aims to address the questions of whether picture assessments are
valid in global contexts.

Experiment 1

In Experiment 1, we investigated whether low-to-middle-income
children in their first month of formal schooling in Mombasa County,
Kenya, might perform more accurately on an object vocabulary task
than on a picture vocabulary task. If low-to-middle-income children
in Mombasa County indeed perform more accurately on an object
vocabulary task than on a picture vocabulary task, this might suggest
that assessments involving pictures are not always valid, particularly
for children growing up in low-to-middle-income global contexts
who may possess relatively less experience with pictures. In contrast,
if low-to-middle-income children in Mombasa County perform
equally accurately on object and picture vocabulary tasks, this might
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VALIDITY OF PICTURE-BASED ASSESSMENTS 3

suggest that assessments involving pictures are valid across diverse
early contexts, despite substantial variation in picture experience
across these contexts.

Method
Transparency and Openness

We report how we determined our sample size, all data exclusions,
all manipulations, and all measures in the study, and we follow Journal
Article Reporting Standards for quantitative research in psychology
(Appelbaum et al., 2018). We preregistered the design and analyses for
both studies at https://aspredicted.org/. All preregistrations, data,
analysis code, and research materials are available on the Open
Science Framework (https://osf.io/xupy4/). Data were analyzed
using R (Version 4.2.0; R Core Team, 2021) and the packages
dplyr (Version 1.1.4; Wickham et al., 2023), ggplor2 (Version
3.5.1; Wickham, 2016), and Isr (Version 0.5.2; Navarro, 2015).

Participants

We preregistered a stopping rule of 192 participants. Consequently,
we worked with 192 preschoolers (M = 4.52 years, SD = .95 years,
range = 2.38-7.48 years, 85 females and 107 males) in 12 schools
in five subcounties (i.e., Nyali, Mvita, Jomvu, Likoni, Kisauni)
of Mombasa County, Kenya. These 12 schools participate in the
Schools2030 Program, a diverse coalition of educators, school lead-
ers, researchers, international organizations, and governments across
10 countries, working toward the goal of supporting and improving
students, teachers, and education systems worldwide (Schools2030,
2023). Within the sample of 192 preschoolers, there was substantial
variation in both maternal education levels (M = 8.10 years of formal
schooling, SD = 5.07 years, range = 0-24 years) and amount of picture
experience, as measured by the eight-item picture experience ques-
tionnaire (M = 47.60%, SD = 28.08%, range = 0%—100%).

In a between-subjects design, half of the sample participated in
the object condition (i.e., a vocabulary task involving objects) and
the other half of the sample participated in the picture condition (i.e.,
a vocabulary task involving pictures). Researchers tested four
additional children, whose data were excluded due to experimenter
error. Children participated in a quiet spare room (e.g., the library) in
their school. All preschoolers spoke Swahili as their native language
and were tested by local research assistants fluent in Swahili. The
experiment was approved by a U.S. university’s Committee for the
Protection of Human Subjects, as well as multiple relevant Kenyan
government authorities, including the Kenya Medical Research
Institute; the National Commission for Science, Technology, and
Innovation; and the local Mombasa County Ministry of Education.
All parents of child participants provided informed consent.
Children received small gifts (i.e., pencil and face mask) for par-
ticipating. Since all children were tested in a school setting, local
researchers suggested that pencils would be particularly appropriate
and useful gifts. All data were collected in May 2022.

Stimuli and Procedure

The present research methods (i.e., direct child assessment and
caregiver questionnaire) were developed in close collaboration
between U.S. and Kenyan researchers. Local research assistants
presented children with a Swabhili vocabulary task involving three

blocks comprised of three different kinds of words: nouns (i.e.,
toothbrush/mswaki, crayon/crayoni, hat/kofia, fork/uma), number
words (i.e., one/moja, two/mbili, three/tatu, four/nne), and color
words (i.e., red/nyekundu, blue/samawati, yellow/manjano, green/
kijani). These three kinds of words were chosen to create variability in
trial difficulty: Anecdotal conversations with local Mombasa research
assistants, many of whom were also parents to young children
themselves, suggest that low-to-middle-income children living in
Mombasa County typically learn common nouns fairly early in
development, number words slightly later in development, and color
words only when they enter the formal school system. Swabhili color
words should be especially difficult because schools initially teach
children color words in English rather than Swahili.

Each block had four trials, leading to a total of 12 trials overall.
The order of the blocks, as well as the order of the trials within each
block, was randomized across participants. On each trial, the local
experimenter laid out an array of four items in a quadrant (see
Figures 1-3) and prompted the participant to select one of the four
items (e.g., “Nionyeshe mswaki,” meaning “Show me a toothbrush”
in Swahili). Within each block, the placement of the target item was
counterbalanced across trials. For a full list of target and distractor
items, see Table 1.

Caregiver Questionnaire

To gain more information on individual children’s early en-
vironments and experiences with pictures, each child’s caregiver
completed a brief questionnaire through a 10- to 15-min in-person
or phone interview with a local researcher. Caregivers provided
additional information regarding multiple aspects of the children’s
environment through eight picture experience questions (e.g., “Have
you or anyone else in the household looked at picture books with
your child in the past three days?”; Does your house have pictures/
posters/paintings/calendars on the wall?), four child-directed speech
questions (e.g., “Do you ever encourage the child to talk while you
listen?”’; “Did you get time to hold your child and talk with affection
yesterday?”), and four learning material questions (e.g., “Are ma-
terials that teach colors, sizes and shapes available for the child to
play with?”; “Is a real or toy musical instrument available to the
child?”). These questions were adapted from the Home Observation
Measurement of the Environment Inventory (Bradley & Caldwell,
1984), a measure frequently used in public health research to assess
children’s home environments (e.g., Luoto et al., 2021). Caregivers
also provided information about their socioeconomic status, mea-
sured through total years of maternal education (Antonoplis, 2023).
Caregivers also provided additional information about their
household materials and assets, which were not entered into the
analyses. The full questionnaire can be found in Appendix A.

Results and Discussion
Demographics

There was a significant amount of variation (i.e., in terms of age,
maternal education, and picture experience) across the entire sample
of preschoolers. However, there were no significant differences in the
children’s demographics between the two experimental conditions.
Specifically, there were no age differences between children in the
object condition (M =4.54 years, SD = 1.00 years, range = 2.65-7.48
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Figure 1

Stimuli for a Noun Trial (i.e., “Show Me a Hat”; “Nionyeshe Kofia”) in the Picture Condition

(Left) and the Object Condition (Right)

Ti; S rtey

Note.

years) and children in the picture condition (M = 4.50 years, SD = .91
years, range = 2.38-6.95 years), #(189) = .28, p = .78. Similarly, there
were no differences in maternal education levels between children in
the object condition (M = 8.13 years of formal schooling, SD = 5.63
years, range = 0—24 years) and children in the picture condition (M =
8.08 years of formal schooling, SD = 4.48 years, range = 0—17 years),
#(189) = .07, p = .94. Finally, there were no differences in levels of
picture experience (i.e., as measured by the eight-item picture
experience questionnaire) between children in the object condition
(M =47.79%, SD = 28.85%, range = 0%—100%) and children in the
picture condition (M = 47.40%, SD = 27.44%, range = 0%—100%),
#(190) = .43, p = .67. One caregiver in the object condition did not
report their child’s age, and another caregiver in the picture condition
did not report maternal education levels.

Accuracy

In a preregistered analysis, we found that children in the object
condition had a higher proportion of correct responses compared to
children in the picture condition (f = 0.07, SE = .02, p < .001). In
additional exploratory analyses, we investigated whether children
consistently had higher proportions of correct responses in the

Figure 2
Stimuli for a Number Trial (i.e., “Show Me Three”; “Nionyeshe Tatu”) in the Picture Condition
(Left) and the Object Condition (Right)

Note.

See the online article for the color version of this figure.

object condition compared to the picture condition, across multiple
kinds of words. Children had a higher proportion of correct re-
sponses in the object condition than the picture condition for trials
involving nouns (f = 0.11, SE = .03, p < .001) and number words
(B =0.09, SE = .04, p = .02). However, children’s performance on
trials involving color words did not differ between the object and
picture conditions (f = 0.01, SE = .02, p = .66). All significant results
remained significant at p < .05 after correcting for multiple com-
parisons (Benjamini & Hochberg, 1995). Consequently, children had
higher proportions of correct responses in the object condition than
the picture condition for the kinds of words they were familiar with
(i.e., nouns and number words), but not for the kinds of words they
were unfamiliar with (i.e., color words; see Figure 4).

In additional exploratory analyses, we also tested children’s
performance against chance levels. Since there were four possible
answers on each trial, chance performance was 25%. Overall,
children performed above chance levels in both the object condition,
M =48.52%, SE = 1.41%, 1(95) = 16.66, p < .001, and the picture
condition, M = 41.49%, SE = 1.48%, 1(95) = 11.18, p < .001.
Furthermore, we examined children’s performance against chance
levels for each kind of word. On the noun trials, children performed
above chance levels in both the object condition, M = 68.75%,

See the online article for the color version of this figure.
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Figure 3

Stimuli for a Color Trial (i.e., “Show Me Blue”; “Nionyeshe Samawati”) in the Picture Condition

(Left) and the Object Condition (Right)

Note.

SE =1.99%, 1(95) =21.94, p < .001, and the picture condition, M =
57.55%, SE = 2.29%, t(95) = 14.24, p < .001. Similarly, on the
number trials, children performed above chance levels in both the
object condition, M = 50.26%, SE = 2.88%, 1(95) = 8.77, p < .001,
and the picture condition, M = 41.41%, SE = 2.51%, #(95) = 6.55,
p <.001. However, on the color trials, children performed at chance
levels in both the object condition, M = 26.56%, SE = 1.61%,
1(95) = .97, p = .33, and the picture condition, M = 25.52%, SE =
1.74%, 1(95) = .30, p = .76. All significant results remained significant
at p < .05 after correcting for multiple comparisons (Benjamini &
Hochberg, 1995).

Side-Biasing

In additional exploratory analyses, we investigated the frequency
of children’s side-biasing behavior across the two conditions. Side-
biasing behavior (i.e., choosing the same quadrant on all four trials
within a block) typically occurs when young children find a task to
be especially confusing or difficult. Since the placement of the target
item was counterbalanced across trials within each block, side-
biasing behavior did not skew children’s overall accuracy on a task
(e.g., a child who consistently picked the bottom-right quadrant
would not be more or less accurate than 25% chance levels).

See the online article for the color version of this figure.

However, side-biasing behavior may provide additional insight into
which kinds of trials children found especially difficult.

We found that children were significantly less likely to dem-
onstrate side-biasing behavior in the object condition than the
picture condition (§ = 0.11, SE = .06, p = .04), suggesting that
children found the object condition to be overall less difficult than
the picture condition. Specifically, children in the object condition
side-biased on 21% of the blocks, whereas children in the picture
condition side-biased on 28% of the blocks. In line with other
results, this overall side-biasing difference between conditions was
driven only by the trials involving words that children had some
familiarity with. In other words, children were less likely to side-bias
in the object condition than the picture condition on the noun block,
Xz(l, N =192) = 6.17, p = .01, and the number block, Xz(l, N =
192) = 6.63, p = .01, but they side-biased equally frequently
between the object condition and the picture condition in the color
block, Xz(l, N = 192) = 0.19, p = .66. All significant results
remained significant after correcting for multiple comparisons
(Benjamini & Hochberg, 1995). On the noun block, preschoolers in
the object condition side-biased on 1% of the blocks, whereas
preschoolers in the picture condition side-biased on 10% of the
blocks. On the number block, preschoolers in the object condition
side-biased on 15% of the blocks, whereas preschoolers in the
picture condition side-biased on 31% of the blocks. In contrast, on

Table 1

Full List of Stimuli

Prompt (“Show me ...”) Target item Distractor Item No. 1~ Distractor Item No. 2 Distractor Item No. 3
A toothbrush Toothbrush Pencil Scissors Watch
A hat Hat Handkerchief Shirt Book
A crayon Crayon Pencil sharpener Chalk String
A fork Fork Knife Ball Mirror
One One pebble Two pebbles Three pebbles Four pebbles
Two Two straws One straw Three straws Four straws
Three Three bottle caps One bottle cap Two bottle caps Four bottle caps
Four Four erasers One eraser Two erasers Three erasers
Red Red bowl Blue bowl Yellow bowl Green bowl
Blue Blue spoon Red spoon Yellow spoon Green spoon
Yellow Yellow cup Blue cup Red cup Green cup
Green Green plate Blue plate Yellow plate Red plate
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Figure 4

Data From Experiment 1: Proportion of Trials in Which Low-to-Middle-Income Mombasa County Preschoolers Chose the Correct Item, for

Each Word Type
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the color block, preschoolers in the object condition side-biased on
48% of the blocks, whereas preschoolers in the picture condition
side-biased on 44% of the blocks.

Picture Experience

In two preregistered secondary analyses, we investigated whether
low-to-middle-income Mombasa preschoolers with relatively more
picture experience performed more accurately on the picture task
than low-to-middle-income Mombasa preschoolers with relatively
less picture experience. In the first analysis, we operationalized
picture experience as the total aggregated score from our eight-item
picture experience questionnaire. We divided children into more
experience (M = 69.66% on picture experience questionnaire) and
less experience (M = 22.05% on picture experience questionnaire)
groups using a median split across the entire sample along this
aggregated picture experience variable, leading to a total of 50 more
experience (M = 70.00% on picture experience questionnaire) and
46 less experience (M = 22.83% on picture experience question-
naire) children in the object condition and 53 more experience (M =
69.34% on picture experience questionnaire) and 43 less experience
(M = 21.22% on picture experience questionnaire) children in the
picture condition. We conducted a linear regression with accuracy as
the dependent variable, and condition (i.e., object, picture), picture
experience (i.e., more experience, less experience), and the inter-
action between condition and picture experience as between-sub-
jects independent variables. Moreover, we controlled for child
gender, maternal education, child-directed speech, and variety of
learning materials in the home. There was a significant main effect
of condition, such that children performed more accurately in the
object condition than the picture condition (f =0.71, SE = .35,p =
.04). However, there was no effect of picture experience (§ = 0.30,
SE = .37, p = .40) or interaction between condition and picture
experience (f = 0.22, SE = .48, p = .65). There was also an effect of
child gender (B = 0.64, SE = .24, p = .009), such that girls’
responses (M = 47.65%, SE = 2.00%) were significantly more

accurate than boys’ responses (M = 42.91%, SE = 1.60%). There
was also a small but significant effect of maternal education (f =
—0.07, SE = .03, p = .005), such that higher maternal education
levels were related to lower child accuracy on the experimental task.
All other variables were not significant (see Appendix Table B1 for
full results).

In the second analysis, we conducted a similar linear regression
using a slightly different picture experience variable, specifically
looking at picture books. Since previous research suggests that
looking at picture books, rather than the mere presence of picture
books, may relate to children’s ability to learn from pictures (Zhu,
Pitchik, et al., 2025), we conducted another analysis operationalizing
picture experience as whether children had recently looked at picture
books with an adult or older sibling (i.e., Have you or anyone else in
the household looked at a picture book with your child in the last
3 days? Yes or no?). Once again, we divided children into “more
experience” and “less experience” groups across the entire sample
along the looking at picture books item, leading to a total of 35 more
experience and 61 less experience children in the object condition and
38 more experience and 58 less experience children in the picture
condition. The second preregistered analysis involving the looking at
picture books variable yielded the same results as the first pre-
registered analysis involving an aggregated picture experience var-
iable. Once again, there was a significant main effect of condition,
such that children performed more accurately in the object condition
than the picture condition (f = 0.94, SE = .30, p = .002). However,
there was no effect of looking at picture books (f = 0.10, SE = .37,
p =.78) or interaction between condition and looking at picture books
(p=0.29, SE = .49, p = .56). There was also an effect of child gender
(B = 0.63, SE = .24, p = .01), such that girls’ responses were
significantly more accurate than boys’ responses, and an effect of
maternal education (f = —0.07, SE = .03, p = .006), such that higher
maternal education levels were related to lower child accuracy on the
experimental task. All other variables were not significant (see
Appendix Table B2 for full results).
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Furthermore, we conducted similar exploratory analyses, but with
picture experience as a continuous variable. First, we conducted
a linear regression with accuracy as the dependent variable and
condition (i.e., object, picture), picture experience (i.e., as a con-
tinuous variable out of eight total questionnaire items), and the
interaction between condition and picture experience as between-
subjects independent variables. Again, we controlled for child gender,
maternal education, child-directed speech, and variety of learning
materials in the home. Results from the exploratory analysis matched
results from our preregistered analyses. There was a significant main
effect of condition, such that children performed more accurately in
the object condition than the picture condition (f = 1.03, SE = .47,
p = .03). However, there was no effect of picture experience (p =
0.59, SE = .69, p = .39) or interaction between condition and picture
experience (f = 0.44, SE = .85, p = .60). There was also an effect of
child gender (B = 0.61, SE = .24, p = .01), such that girls’ responses
were significantly more accurate than boys’ responses, and a small but
significant effect of maternal education (f = —0.08, SE = .03, p =
.003), such that higher maternal education levels were related to lower
child accuracy on the experimental task. All other variables were not
significant. Similarly, we ran another linear regression with accuracy
as the dependent variable and condition (i.e., object, picture), picture
experience (i.e., as a continuous variable out of eight total ques-
tionnaire items), and the interaction between condition and picture
experience as between-subjects independent variables, but without
any additional control variables. There was a significant main effect of
condition, such that children performed more accurately in the object
condition than the picture condition (f = 1.03, SE = .49, p = .03).
However, there was no effect of picture experience (f = —0.06, SE =
.64, p = .92) or interaction between condition and picture experience
(p=0.40, SE = .88, p = .65; see Appendix Tables B3 and B4 for full
results and Appendix Table BS for the correlation matrix of all
predictor variables).

Moreover, we conducted a simpler exploratory analysis comparing
the task accuracy of children with more or less picture experience on
the picture vocabulary task, without accounting for control variables.
Using a median split across the entire sample along the aggregated
eight-item picture experience variable, we find no difference in
performance in the picture condition between children with more
picture experience (M = 40.57%, SE = 5.57%) and children with less
picture experience (M = 42.64%, SE = 6.50%), 1(94) = .70, p = .49.
Similarly, we once again find no difference in performance in the
picture condition between children who had looked at picture books
recently (M = 41.67%, SE = 6.76%) and children who had not (M =
41.38%, SE = 5.43%), 1(94) = .09, p = .92.

The present results show that Mombasa County preschoolers in
their first month of formal schooling performed more accurately on a
vocabulary assessment involving objects than on the same vocabulary
assessment involving pictures. Moreover, these preschoolers also
side-biased less frequently on the vocabulary assessment involving
objects than on the same vocabulary assessment involving pictures.
Both overall effects (i.e., greater accuracy on object than picture
assessments and less side-biasing on object than picture assessments)
were driven only by their performance on trials involving noun and
number words—specifically, words that Mombasa County pre-
schoolers already have some familiarity with—and not by their
performance on trials involving color words—specifically, words
that Mombasa County preschoolers have very little, if any, familiarity
with. However, our individual differences analyses found no evidence

of a relation between picture experience and performance on the
picture-based vocabulary assessment. Overall, these results suggest
that picture assessments may underestimate children’s performance, at
least in some early childhood development contexts—in this case, with
young Mombasa County children with minimal formal schooling.

Experiment 2

Experiment 1 found that low-to-middle-income Mombasa County
children in their first month of formal schooling perform more
accurately on an object vocabulary task than on a picture vocabulary
task. This result tentatively suggests that assessments involving
picture stimuli may not be appropriate for children growing up in
diverse early environments with less pictures.

However, while variation in picture experience may be related
to variation in performance on a picture task, an alternative expla-
nation is that children around the world might show a universal
“object advantage.” In other words, even high-income U.S. children
with an early-emerging understanding of pictures (Bloom & Markson,
1998; Deloache et al., 1998; Ganea et al., 2009, 2011; Gelman &
Ebeling, 1998; Preissler & Bloom, 2007, 2008; Preissler & Carey,
2004) might perform more accurately on tasks involving objects
than on the same tasks involving pictures. For example, children may
universally find objects to be more interesting than pictures, and a
heightened motivation to complete tasks involving objects may
account for the accuracy differences between performance on picture
and object assessments. Indeed, some previous research shows that
Canadian preschoolers, and even U.S. adults, might perform differ-
ently on executive function tasks involving objects than pictures
(Beaucage et al., 2020; Gomez et al., 2018).

Consequently, Experiment 2 investigated whether young children
in a middle-to-high-income urban setting (i.e., San Francisco Bay
Area) might also demonstrate an “object advantage”—that is, if high-
income, urban, American children will also perform more accurately
on the object vocabulary task than on the picture vocabulary task. If
children in both Mombasa County and the San Francisco Bay Area
perform more accurately on the object vocabulary task than the picture
vocabulary task, then assessments involving pictures might under-
estimate children’s early capacities across early environmental
contexts, independent of children’s degree of picture experience.
However, if children in the San Francisco Bay Area perform
equally accurately on the object and picture vocabulary tasks, then
assessments involving pictures might only underestimate the early
capacities of children growing up in low-to-middle-income global
contexts, who possess relatively less experience with pictures.

Method
Participants

We preregistered a stopping rule of 96 participants. Consequently,
we worked with 96 preschoolers (M = 2.88 years, SD = .61 years,
range = 2.01-3.95 years, 52 females and 44 males). Children were
recruited from either a participant database or preschool, both of
which reflected local convenience samples. To avoid a ceiling effect
in the U.S. sample, we focused on the youngest part of the age range
(i.e., the Mombasa sample involved 2- to 7-year-olds; the U.S. sample
involved 2- and 3-year-olds).
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8 ZHU, KILONZO, ENGELMANN, AND GOPNIK

U.S. participants were primarily White (39 participants), mixed
White-Asian (20 participants), and Asian (17 participants), with the
remainder of the participants identifying as mixed White-Black (five
participants), mixed White-Latina (three participants), Black (three
participants), Latina (two participants), Middle Eastern (one par-
ticipant), mixed White-Middle Eastern (one participant), mixed
Latina-Middle Eastern (one participant), and mixed Asian-Black-
Latina-White (one participant). Two participants chose not to
provide an ethnicity, and another participant identified their eth-
nicity as “Other.” Researchers tested six additional children, whose
data were excluded due to refusal to complete the experiment (four),
experimenter error (one), or parental interference (one).

Children participated in a quiet spare room in their preschool or in
a quiet lab space on a university campus. All participants spoke and
heard predominantly English (i.e., more than 50% of the time) and
were tested in English. The experiment was approved by a U.S.
university’s Committee for the Protection of Human Subjects. All
parents of child participants provided informed consent. Children
received small gifts (e.g., stickers) for participating. All data were
collected between September 2022 and July 2023.

Similar to Experiment 1, Experiment 2 used a preregistered
between-subjects design, in which half of the sample participated in
the object condition (i.e., a vocabulary task involving objects) and
the other half of the sample participated in the picture condition (i.e.,
a vocabulary task involving pictures). We assumed that the over-
whelming majority of high-income children in the San Francisco
Bay Area would possess near-ceiling levels of picture experience.
For example, in a brief survey of 32 children from a local Bay Area
museum, parents reported that they had an average of 109.85 picture
books in the home (range = 20-1,000 books, SD = 181.55 books)
and that they looked at picture books with their child an average of
6.69 days per week (range = 2.00-7.00 days, SD = 1.12 days). We
assume that the current sample is similar in demographics (e.g.,
predominantly White and Asian, high income) to the children
surveyed at the museum. Consequently, since we did not plan to
conduct individual differences analyses with this sample of high-
income children in the San Francisco Bay Area, we did not collect

Figure 5

additional measures of early environment (e.g., maternal education
and picture experience). Moreover, since we preregistered only
analyses comparing experimental conditions at the group level,
Experiment 2 used a smaller sample size than Experiment 1.

Stimuli and Procedure

The stimuli and experimental procedure of Experiment 2 were
identical to the experimental procedure of Experiment 1, except that
the vocabulary task was conducted in English rather than in Swabhili.

Results and Discussion
Accuracy

In a preregistered analysis, we found that there was no accuracy
difference between children in the object condition and children in
the picture condition (p = 0.02, SE = .04, p = .60). In additional
exploratory analyses, we investigated whether children consistently
had higher proportions of correct responses in the object condition
compared to the picture condition, across multiple kinds of words.
We found that there was no accuracy difference between children in
the object condition and children in the picture condition, on trials
involving nouns (f = 0.06, SE = .04, p = .16), trials involving
number words (f = —0.10, SE = .07, p = .15), and trials involving
color words (B = 0.10, SE = .06, p = .08). Consequently, middle-to-
high-income San Francisco Bay Area children overall performed
equally accurately in the object and picture conditions. Moreover,
there was no overall trend across blocks, such that middle-to-high-
income San Francisco Bay Area children did not consistently
perform more accurately on the object condition over the picture
condition. Rather, middle-to-high-income San Francisco Bay Area
children trended toward performing more accurately on the object
condition over the picture condition on the noun and color word
trials, and other times trended toward performing more accurately on
the picture condition over the object condition on the number word
trials (see Figure 5).

Data From Experiment 2: Proportion of Trials in Which Middle-to-High-Income San Francisco Bay Area Preschoolers Chose the Correct

Item, for Each Word Type
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In additional exploratory analyses, we also tested children’s
performance against chance levels. Since there were four possible
answers on each trial, chance performance was 25%. Overall,
children performed above chance levels in both the object condition,
M =75.52%, SE = 2.46%, 1(47) = 20.53, p < .001, and the picture
condition, M = 73.26%, SE = 2.52%, #(47) = 13.55, p < .001.
Furthermore, we examined children’s performance against chance
levels for each kind of word. On the noun trials, children performed
above chance levels in both the object condition, M = 93.75%, SE =
1.75%, 1(47) = 39.38, p < .001, and the picture condition, M =
88.02%, SE = 3.65%, t(47) = 17.29, p < .001. On the number trials,
children also performed above chance levels in both the object
condition, M = 43.23%, SE = 5.20%, 1(47) = 3.51, p = .001, and the
picture condition, M = 53.13%, SE = 4.50%, t(47) = 6.24, p < .001.
On the color trials, children also performed at chance levels in both
the object condition, M = 89.58%, SE = 3.63%, t(47) = 17.77,p <
.001, and the picture condition, M = 79.17%, SE = 4.67%, t(47) =
11.60, p < .001. All significant results remained significant at p < .05
after correcting for multiple comparisons (Benjamini & Hochberg,
1995). Thus, middle-to-high-income San Francisco Bay Area pre-
schoolers performed significantly above chance on trials involving
nouns, number words, and color words, in both the object and picture
conditions.

Side-Biasing

In additional exploratory analyses, we investigated the frequency
of children’s side-biasing behavior (i.e., choosing the same quadrant
on all four trials within a block) across the two conditions.

We found that children were less likely to demonstrate side-
biasing behavior in the object condition than the picture condition
(B=0.07, SE = .03, p = .045), though this result was not significant
after correcting for all four side-biasing comparisons (Benjamini &
Hochberg, 1995). Children in the object condition side-biased on
4% of the blocks, whereas children in the picture condition side-
biased on 11% of the blocks. There was no difference in the fre-
quency of children’s side-biasing behaviors in the object and picture
conditions on the noun blocks, Xz(l, N =96) =0, p =1.00, and
number blocks, Xz(l ,N=96)=0.32, p=.57. There was a difference
in the frequency of children’s side-biasing behaviors in the object
and picture conditions on the color blocks, y*(1, N = 96) =4.44, p =
.04, but this difference was not significant after correcting for all four
side-biasing comparisons (Benjamini & Hochberg, 1995). On the
noun block, preschoolers in the object condition side-biased on 0%
of the blocks, whereas preschoolers in the picture condition side-
biased on 2% of the blocks. On the number block, preschoolers in
the object condition side-biased on 13% of the blocks, whereas
preschoolers in the picture condition side-biased on 19% of the
blocks. In contrast, on the color block, preschoolers in the object
condition side-biased on 0% of the blocks, whereas preschoolers in
the picture condition side-biased on 13% of the blocks.

General Discussion

The present research investigates whether early childhood cognitive
assessments involving picture stimuli are valid in global contexts. In
Experiment 1, we presented low-to-middle-income children in their
first month of formal schooling in Mombasa County, Kenya, with a
vocabulary task based on the classic Peabody Picture Vocabulary

Task, an assessment tool that is widely used by researchers in psy-
chology, public health, and development economics in global settings
(e.g., Akseeret al., 2022; Heo et al., 2020). We find that while children
performed at above chance levels on both the object vocabulary
task and the picture vocabulary task, children also performed
significantly more accurately on the object vocabulary task than on
the picture vocabulary task. In Experiment 2, we presented middle-
to-high-income children in the San Francisco Bay Area with the
same vocabulary task and found no difference in performance
between the object vocabulary task and the picture vocabulary task
in this middle-to-high-income U.S. sample.

Furthermore, additional analyses showed that, in Experiment 1,
the accuracy difference between picture and object assessments was
driven by performance on trials involving the kinds of words that
low-to-middle-income Mombasa County children are typically
familiar with (i.e., noun and number words, but not color words).
Specifically, on the noun and number word trials, low-to-middle-
income Mombasa County children performed more accurately on
the object assessment than the picture assessment. In contrast, on the
color word trials, low-to-middle-income Mombasa County children
performed at chance levels on both the object and picture assess-
ments. Low-to-middle-income Mombasa County children’s side-
biasing behavior also showed a similar pattern, such that these
children tended to side-bias less when presented with object as-
sessments than picture assessments, and this side-biasing difference
between picture and object assessments was driven by trials involving
the kinds of words that young children in this context are typically
familiar with. Specifically, on the noun and number word blocks, low-
to-middle-income Mombasa County children side-biased less fre-
quently on the object assessment than on the picture assessment. In
contrast, on the color word block, low-to-middle-income Mombasa
County children side-biased equally frequently on the object and
picture assessments. In Experiment 2, middle-to-high-income San
Francisco Bay Area children performed equally accurately on object
and picture assessments across the three kinds of word trials (i.e.,
nouns, number words, and color words). They trended toward per-
forming more accurately on the object assessment than the picture
assessment on the noun and color word trials, but trended toward
performing more accurately on the picture assessment than the object
assessment on the number word trials. Moreover, while middle-to-
high-income San Francisco Bay Area children, like their Mombasa
County counterparts, seemed to side-bias less frequently on the object
assessment than the picture assessment, these results were null after
correcting for multiple comparisons. In general, middle-to-high-
income San Francisco Bay Area children also demonstrated less side-
biasing behavior than low-to-middle-income Mombasa County
children (i.e., side-biasing on 8% of all blocks and 25% of all blocks,
respectively).

Taken together, these results tentatively suggest that assessments
involving pictures may underestimate children’s cognitive capac-
ities in some early environmental contexts, potentially in contexts
with fewer pictures and visual representations (e.g., televisions,
smartphones, billboards). Accurate assessment of child develop-
ment is crucial to understanding the determinants of developmental
outcomes in diverse populations and to evaluating and refining
policies and programs designed to improve these outcomes. Thus,
future research should replicate and extend these findings across
various early childhood environments, in order to examine the extent
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to which pictures underestimate children’s cognitive capacities
across cultures and contexts.

The present experiments also possess limitations. The primary
goal of this set of experiments was to compare children’s perfor-
mance between assessments involving object and picture stimuli.
Consequently, we caution that the current data sets are not neces-
sarily a valid measure of children’s vocabulary sizes. For example,
in Experiment 1, we likely underestimate low-to-middle-income
Mombasa County children’s knowledge of color words. In
Experiment 1, we made the methodological decision to conduct the
entire assessment in children’s first language, namely Swahili.
However, anecdotal conversations with local researchers suggest
that low-to-middle-income children living in Mombasa County
typically learn color words only when they enter the formal school
system and that schools initially teach children color words in
English rather than Swahili. Thus, while there is a substantial dif-
ference in overall accuracy scores between children in Mombasa
County and the San Francisco Bay Area, such that children in
Mombasa County generally performed less accurately than children in
the San Francisco Bay Area (though see the number trials in the object
condition, in which children in Mombasa County trend toward more
accurate performance than children in the San Francisco Bay Area),
these overall accuracy scores may be related to variables other than
vocabulary size (e.g., the language the assessment was conducted in).
Consequently, we note that these data are not useful for comparisons
of overall accuracy across contexts (Frank et al., 2024). Instead, these
data sets are useful for comparisons of differences between picture and
object assessment accuracy across contexts.

We caution against making strong claims about the validity of
picture-based assessments in global contexts, since another limi-
tation is that the secondary individual differences analyses in
Experiment 1 did not find a significant association between looking
at pictures and performance on the picture vocabulary task.
Consequently, the current research cannot demonstrate an explicit
significant association between children’s picture experience and their
performance on picture-based assessments. An alternative explanation
for the present pattern of results is that low-to-middle-income children
in Mombasa County show a performance difference between object-
and picture-based assessments due to stimulus specificity effects, for
example, because they learn different kinds of words from objects and
pictures. It is possible that low-to-middle-income Mombasa County
children typically learn the words involved in the present vocabulary
assessment (i.e., artifact names, numbers) from objects rather than
pictures, but typically learn other kinds of words (e.g., safari animal
names) from pictures rather than objects. More research investigating
how children growing up in this context learn from both objects and
pictures is necessary to rule out this alternative possibility. Thus, while
we tentatively speculate that an “object advantage”—that is, increased
accuracy on an object vocabulary task relative to a picture vocabulary
task—exists for low-to-middle-income Mombasa County pre-
schoolers but not for middle-to-high-income San Francisco Bay Area
preschoolers because the latter group has more picture experience than
the former group, further research is required to demonstrate that
picture experience (as opposed to another kind of contextual differ-
ence) is indeed the critical variable involved. Nonetheless, while the
present research does not provide a definitive mechanistic explanation
for the observed differences, the results still suggest that assessment
tools used in global contexts should be chosen with caution.

The child vocabulary and caregiver questionnaire should also be
improved upon in future research. For example, the present child
vocabulary assessment only allows for binary scoring—that is,
whether children selected the correct items or not. However, many
other vocabulary assessments (e.g., the Peabody Picture Vocabulary
Test) present target items (e.g., a toothbrush), near conceptual
distractors (e.g., toothpaste), and random distractors (e.g., a skirt),
which allow for more detailed analyses of children’s error patterns.
For example, if children err by selecting near conceptual distractors,
then they may still have some degree of understanding of the task at
hand. However, if children err by selecting random distractors, then
they may have a substantial amount of difficulty with either the
target word, the stimuli format, or both. Thus, future work should
use assessments that allow for these kinds of detailed error analyses,
thus leading to a more nuanced understanding of children’s cog-
nitive capacities.

Moreover, future work should consider using more extensive
caregiver questionnaires, in order to capture more kinds of picture
experience that the present research may have missed. For example,
an extensive picture experience questionnaire may not only measure
children’s exposure to pictures (e.g., being in the presence of picture
books), but also more comprehensively assess their engagement
with pictures (e.g., opportunities to map pictures to real-world
objects or have explicit conversations about pictures as symbols
with the caregiver). Furthermore, the present caregiver question-
naire may have a Western middle-class bias, as it focuses primarily
on picture books, a kind of visual media that middle-to-high-income
Western children have extensive experience with. Children growing
up in diverse global contexts may possess less experience with picture
books, but possibly more experience with other kinds of visual media
(e.g., murals, videos, scale models, billboards, magazines, news-
papers). Additionally, the present research did not measure picture
experience in the U.S. sample, limiting cross-cultural comparisons
and potentially inadvertently positioning Western culture as the norm,
without the need for further exploration or justification (Draper et al.,
2023). Thus, future work investigating the relation between picture
experience and picture comprehension should measure children’s
exposure to, and engagement with, many diverse kinds of visual
media, in all samples involved in the research.

Another especially important direction for future research is to
pinpoint a mechanistic explanation for why some children may
perform more accurately on the object task than the picture task.
What kind of early experience with pictures might help children
perform more accurately on tasks involving picture stimuli? Some
researchers have posited that the development of picture compre-
hension is a fundamentally social endeavor (Callaghan, 2020),
perhaps requiring direct interactions with parents and teachers and
explicit conversations about picture as symbolic representations. In
contrast, it is also possible that merely passive experience with
visual representations—for example, simply seeing posters on the
wall or watching television at home—might be necessary and sufficient
for the acquisition of picture comprehension and more accurate per-
formance on tasks involving pictures. Consequently, more empirical
research investigating what quality and quantity of picture experience is
sufficient for picture comprehension, as well as consequent perfor-
mance on picture-based assessments, is necessary.

Thus, another related direction for future research is to investigate
whether the current findings generalize across populations. While
the low-to-middle-income preschoolers in our Mombasa County
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sample showed significant amounts of variation in picture experi-
ence, Mombasa is the second largest city in Kenya and still an urban
environment. Previous research involving western Kenyan toddlers
in urban Kisumu and rural Rachuonyo suggests that there may be
variation in children’s early environments, and possibly their
consequent development, across urban and rural settings within a
single country (Zhu, Pitchik, et al., 2025). Thus, future research
should explore the generalizability of this current paradigm in
more rural contexts. For example, do children in more rural areas
of Coastal Kenya (e.g., Lamu or Kilifi), who may possess even less
picture experience than their Mombasa County counterparts, also
perform more accurately on an object task than a picture task?
Might children in these more rural areas of Coastal Kenya show an
even larger difference in accuracy between object tasks and picture
tasks? Investigating the generalizability of the current findings
across cultures and contexts might provide stronger support that
picture-based assessments indeed sometimes underestimate chil-
dren’s capacities, as well as additional insight regarding the me-
chanisms driving overall difference between performance on
object tasks and picture tasks.

Finally, a final direction for future research is to investigate
whether the current findings generalize across tasks. Researchers
use picture stimuli not only in vocabulary tasks but also in a wide
variety of other cognitive and socioemotional assessments, such as
experimental tasks investigating relational reasoning (Christie &
Gentner, 2010; Hochmann et al., 2017) and emotion recognition
(Dillon et al., 2017; Gao & Maurer, 2009). Empirical data showing
that children perform more accurately in object tasks than picture
tasks on a wide variety of cognitive and social assessments would
provide converging evidence that the kind of stimuli (i.e., pictures
vs. objects) rather than the kind of content (e.g., linguistic, cognitive,
or socioemotional reasoning) is the critical factor underlying dif-
ferences between children’s performance on picture and object tasks.
Indeed, some research provides evidence that the kind of stimuli
matters: Toddlers in rural coastal Tanzania are better able to learn a
new word for an object than for a picture (Walker et al., 2013), and
preschoolers in rural Peru and rural India perform similarly to their
Canadian counterparts on a false belief task involving objects but
less accurately on the same false belief task involving pictures
(Callaghan et al., 2012). Overall, more research with diverse global
child samples is needed in order to investigate the extent to which
assessments involving picture stimuli may be valid or invalid across
varying early childhood contexts.

The validity of early childhood assessments across cultures and
contexts has serious implications for both basic cognitive science
and applied research in education, public health, and development
economics. For example, if current experimental paradigms involving
picture stimuli are inappropriate in some global contexts, it is possible
that researchers may consequently underestimate the developmental
timepoints at which diverse groups of children acquire certain cog-
nitive and socioemotional capacities. Moreover, understanding the
mechanisms that facilitate or impede children’s performance on as-
sessments involving pictures can help researchers design more
appropriate and effective interventions for children growing up in
low-resource settings. A study conducted in rural Western Kenya
found that children who received a dialogic reading parenting
intervention (i.e., in which parents encourage children to actively
formulate and articulate their ideas over discussions of picture books)
had significant improvements in their expressive vocabulary scores,

such that children were able to accurately name more pictures
(Knauer et al., 2020). More research is required to understand what
mechanism is responsible for this effect: Are children who participate
in the dialogic reading intervention performing more accurately on
the expressive vocabulary assessment because of an increase in
their vocabulary size or a change in their picture comprehension
abilities? Thus, accurate assessment tools are critical to early child-
hood development research across a wide variety of disciplines.

In summary, the present research shows that low-to-middle-
income Mombasa County preschoolers in their first year of formal
schooling perform more accurately on an object vocabulary task
than on a picture vocabulary task, tentatively suggesting that as-
sessments involving picture stimuli may underestimate children’s
cognitive capacities in some early childhood contexts. In contrast,
children from a North American convenience sample did not
show any performance differences between the object and picture
vocabulary tasks. Though future research should investigate the
generalizability of the current findings, our research makes an
initial contribution to a better understanding of possible changes
required to adapt assessment tools to global contexts (Draper et al.,
2023; Jukes et al., 2024). Accurate assessment of child devel-
opment is crucial not only to conducting valid research in basic
cognitive science but also to evaluating early childhood policies
and health interventions designed to improve the lives of children
around the world.
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Home Environment—Picture Experience 8. Does the child have children’s books (i.e., books

. specifically for the child, not textbooks)?
1. Have you (or any other adult in the household) looked at

a picture book with your child in the last 3 days? a. If yes, how many?

a. If yes, who did this? ) ) .
Home Environment—Child-Directed Speech
b. If yes, how many times was this done?

9. Do you teach the child simple verbal manners, such as
2. Has the child looked at a picture book on their own in the saying please, thank you, and I’'m sorry?

last 3 days? . . .
10. Do you ever encourage the child to talk while you listen?

gical Association or one of its allied publishers.

a. If yes, how many times was this done?

This article is intended solely for the personal use of the individual user

11. Does anyone sing or play music for the child to listen or
3. Have you (or any other adult in the household) looked at dance to?
any materials with your child that have pictures in them in

the last 3 days? 12. Did you get time to hold your child and talk with

affection yesterday?
a. If yes, who did this?

b. If yes, how many times was this done? Home Environment—Learning Materials

13.  Are two or more materials that teach colors, sizes, and

4. Has the child looked at any other materials with pictures in
shapes available to the child to play with?

them on their own in the last 3 days?

yrighted by the American Psycholo

14. Are two or more playthings requiring fine motor
movements available to the child (e.g., drawing with a

5. Does your house have pictures/posters/paintings/calendars pencil or stick, making patterns with buttons or caps)?
on the wall?

a. If yes, how many times was this done?

15. Are two or more play materials or games that help teach
a. If yes, what types of things do you have on the walls? numbers available to the child, in which children and
others count or use numbers (e.g., counting sticks, caps)?

This document is cop

b. If yes, how many do you have?
16. Is a real or toy musical instrument available to the child

6. Has the child looked at any screens (e.g., TV, tablet, (e.g., drum, singing, dancing)?

phone) in the last 3 days?

a. If yes, name the item with the screen. Home Environment—Assets

b. How many times was this done? 17. Does your household own any of the following?
7. Do you have any books for adults to read in your home? a. Mattress—foam (store bought)

a. If yes, how many? b. Cell phone—not smartphone

(Appendices continue)
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Radio

Bicycle

Sofa

Chair

Lantern

Table

Electricity or solar supply
Motorcycle

Smartphone

Television

Computer

Home Environment—Household Materials

18. Do you own a homestead?

Appendix B

19.
20.
21.

22.

23.

24.
25.
26.

217.

Do you own land for production?
How many rooms are there in your house?

What is the material of the household walls? (concrete
brick, clay brick, or mud)

What is the material of the household roof? (corrugated
iron, thatch)

What is the material of the household floor? (tiled,
cemented, unfinished dirt)

Demographics
Who is responding? (mother, father, grandmother, other)
Who is the primary caregiver of the child?

How many years of school has the primary caregiver
completed? (starting from Preprimary 1 as Year 1)

How many years of school has the mother completed?
(starting from Preprimary 1 as Year 1)

Regression and Correlation Tables

Table B1
Regression Outputs—Picture Experience (Median Split)

Variable Coefficient SE )4
Intercept 6.66 0.62 <.001%**
Condition -0.71 0.35 .04*
Picture experience 0.31 0.37 40
Child gender —0.64 0.24 .009**
Child-directed speech —-0.02 0.17 .93
Home learning materials —0.01 0.11 94
Maternal education level —0.07 0.03 .005**
Condition X Picture Experience —0.22 0.48 .65

Note. A linear regression with accuracy as the dependent variable and condition (i.e.,
object, picture), picture experience (i.e., more experience, less experience), and the
interaction between condition and picture experience as between-subjects independent
variables, controlling for child gender, maternal education, child-directed speech, and

home learning materials. SE = standard error.
*p<.05. Fp< .0l *Fp< 001

(Appendices continue)
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Table B2
Regression Outputs—Looking at Pictures (Median Split)

Variable Coefficient SE P
Intercept 6.73 0.61 <.001%**
Condition -0.94 0.30 .002%%
Picture experience —-0.10 0.37 18
Child gender —0.63 0.24 .009™*
Child-directed speech 0.01 0.17 .96
Home learning materials 0.01 0.10 .90
Maternal education level -0.07 0.03 .006**
Condition X Picture Experience 0.29 0.49 .56

Note. A linear regression with accuracy as the dependent variable and condition (i.e.,
object, picture), looking at picture books (i.e., more experience, less experience), and
the interaction between condition and picture experience as between-subjects
independent variables, controlling for child gender, maternal education, child-directed
speech, and home learning materials. SE = standard error.

p < .01, *p <001

Table B3
Regression Outputs—Picture Experience (Continuous Variable)

Variable Coefficient SE p
Intercept 6.80 0.62 <.001%**
Condition -1.03 0.47 .03*
Picture experience 0.59 0.69 .39
Child gender —-0.61 0.24 01*
Child-directed speech —0.06 0.18 72
Home learning materials —-0.06 0.10 .59
Maternal education level -0.08 0.03 .003™*
Condition X Picture Experience 0.44 0.85 .60

Note. A linear regression with accuracy as the dependent variable and condition (i.e.,
object, picture), picture experience (i.e., as a continuous variable out of eight
questionnaire items), and the interaction between condition and picture experience as
between-subjects independent variables, controlling for child gender, maternal
education, child-directed speech, and home learning materials. SE = standard error.
*p <05 p<.0l. ¥*p< .00l

Table B4
Regression Outputs—Picture Experience (Continuous Variable), Without
Control Variables

Variable Coefficient SE p
Intercept 5.85 0.35 <.001***
Condition —1.03 0.49 .03*
Picture experience —-0.06 0.64 92
Condition X Picture Experience 0.40 0.88 .65

Note. A linear regression with accuracy as the dependent variable and condition (i.e.,
object, picture), picture experience (i.e., as a continuous variable out of eight questionnaire
items), and the interaction between condition and picture experience as between-subjects
independent variables, without any control variables. SE = standard error.

*p < .05 F*p <001,

(Appendices continue)
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Table BS
Correlations Among All Predictor Variables

1. Child Gender

2. Condition -.03
3. Looking at Pictures -.03
4. Total Picture Experience -03 -.03
5. Child Directed Speech 0 -06

6. Home Learning Materials  -.08 -.01

7. Maternal Education =01  -01

Variable 1 2 3 4 5 6

-03 -.03 0 -08 -.01

-.01

Note.

See the online article for the color version of this table.
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