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It is frequently necessary to assess children with little or no schooling to determine their level
of cognitive functioning, especially in developing countries. It is not possible, however, to
assume that assessments will hold equal validity for children with and without the experience
of schooling. The authors, therefore, set out to create a battery of tests suitable for both
schooled and unschooled children. They assessed 973 schooled and 645 unschooled children
in rural coastal Kenya using culturally adapted cognitive tests. Significant effects of age and
schooling were found on all tests. On some tests (verbal knowledge, speeded figure matching,
and pattern copying), unschooled children did not improve as much with age as schooled
children. The effects of length of exposure to schooling and of age were greater than that of
initial enrollment in school. The authors conclude that it is possible to assess unschooled
children, but test batteries must be carefully constructed and standardized.
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Amajor challenge to psychological assessment of children is their differential exposure
to schooling, which may influence test taking and the interpretation of performance

levels. Such influences are particularly important in developing countries where potential
risk factors for cognitive impairment are significant, due to poor medical provision and
increased incidence of birth complications and of infectious diseases (Olness, 2003), but
where school attendance is not universal. In the world’s 50 poorest countries, nearly 40%
of children never attend school (Bellamy & UNICEF, 2004), and many more attend
primary school for only a limited number of years, often starting late (Jukes, Grigorenko,
Alcock, Sternberg, & Bundy, 2008).
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In other countries, psychologists are also becoming increasingly aware of the need to have
appropriate methodologies for testing children whose previous educational experience or
cultural exposure differs from that of the majority population, especially when early life
experiences may have placed them at risk of cognitive impairment. The population structure
of developed countries is changing, largely due to immigration, including immigration by
children, with documented changes in many regions including the United States, the United
Kingdom, Italy, Scandinavia, and Australia (Peña, 2007). Some children born elsewhere but
living in developed countries will have had little, or interrupted, schooling, and some will
have been exposed to risk factors for cognitive impairment. Naturally, it is important to
assess children whose cognitive status is in question, to ensure that schooling, support, and
other services are appropriately aimed at the children who need them. However, if these chil-
dren are assessed on cognitive tests that assume exposure to specific cultural experiences,
their skills and abilities may be underestimated and their needs misrepresented (Cummins,
1984). A major danger of test bias is its potential for overrepresenting children from minor-
ity cultural backgrounds in special needs facilities (Losen, Orfield, & Civil Rights Project,
2002). Conversely, the assumption that a poor test result is merely due to a lack of educa-
tional experience may lead to inadequate provision being made for educational support.

Currently, in many developing countries, the most commonly used method for the eval-
uation of cognitive delay is observations made by clinicians or teachers. For example, pedi-
atricians might assess a child’s neurological function, including his or her ability to follow
simple commands during the assessment, and might then base their conclusions about a
child’s cognitive abilities on their general impressions of the child. In some cases, these
observations may follow a semistructured protocol (Kenya Institute of Special Education,
1984; Njugana, Mung’ala-Odera, Chong, Meehan, & Newton, in press), but these are only
available in very few settings. The sensitivity of this approach to assessment will be limited
and is likely to be restricted to identifying children with more severe cognitive delay. In
other cases, school test performance is used. This approach may lead to the misidentifica-
tion of children as cognitively delayed whose poor performance is due, in fact, to lack of
exposure to school instruction or to behavioral or emotional difficulties rather than
impaired cognitive skills.

Where more structured assessment methods have been used, investigators have often
applied unadapted materials possibly with translated instructions (Mulenga, Ahonen, &
Aro, 2001). If test materials are inappropriate or children are unfamiliar with content
and procedures, test scores are likely to show restricted within-population variability,
limiting the ability of investigators to appropriately characterize development (Connolly &
Grantham-McGregor, 1993). An example of the application of inappropriate tools can be
seen in Gay et al. (1995), whose study of children of Haitian origin living in the United
States used the Bayley Scales of Infant Development (BSID; Bayley, 1993), unadapted.
Deterioration on verbal standard scores was observed over time, but rather than indicating
a developmental deficit, this was more adequately explained by a lack of exposure to
English in the home. Pollitt and colleagues, working in Indonesia, (Pollitt, Saco-Pollitt,
Jahari, Husaini, & Huang, 2000) also used the BSID, largely unadapted, and found that
standardized scores deteriorated with age. This deterioration was attributed to the effect of
poor nutrition in the population. The investigators did not examine the possibility that an
inappropriate test could become more inappropriate with age in children who lack exposure
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to the educational and cultural experiences that are typical in the standardization popula-
tion and, hence, fail to improve their raw scores with age at the expected rate. The ability
to investigate cognitive performance and the development of cognitive processes depends,
therefore, on having adequate and appropriate assessment tools.

It is possible, however, to appropriately identify children in developing countries who have
cognitive impairment, by using careful adaptation of existing tests, construction of new tests,
and attention to testing techniques (Alcock, 1998; Alcock & Bundy, 2001; Alcock, Jukes,
Ngorosho, & Deus, 2008; Alcock et al., 2000; Baddeley, Gardner, & Grantham-McGregor,
1995; Holding, Stevenson, Peshu, & Marsh, 1999; Holding et al., 2004; Jukes et al., 2008;
Jukes et al., 2002; Mung’ala-Odera et al., 2004). In this study, we set out to develop a test that
could be used to do this, for children with limited or no schooling experience.

Why Might Unschooled Children Present
a Challenge to Cognitive Assessment?

The association between length of school exposure and performance on IQ tests has long
been acknowledged (Ceci, 1991; Ceci & Williams, 1997; Gordon, 1923), and there is evi-
dence to suggest that school attendance has a significant effect on cognitive development
over and above that of normal maturation. In other words, a year of education increases raw
scores on IQ tests more than an added year of age (Cahan & Cohen, 1989). This is despite
the fact that most IQ tests are deliberately structured to avoid school-dependent knowledge.
A number of explanations have been put forward to explain this effect. School exposure
may be accelerating the development of cognitive skills, such that schooling leads to
improvement in specific skills, possibly as a direct result of methods of instruction and/or
specific curriculum content. Benefits of school attendance have been observed in specific
abilities such as memory skills (Cole, Gay, Glick, & Sharp, 1971) and phonological aware-
ness (Morais, Bertelson, Cary, & Alegria, 1986; Morais, Content, Cary, & Mehler, 1989).
Further research supports the suggestion that different types of education differentially
improve different cognitive functions (Gustafsson, 2001).

Other factors that might contribute to the differences between performance on tests of cog-
nition by schooled and unschooled children include differences in the types of questions
teachers and parents might ask (Waterman, Blades, & Spencer, 2000). The differences
between the cultures of home and school might be greater where parents also have had lim-
ited schooling (Jukes et al., 2008). However, an alternative possibility is that in developing
countries, the poor physical state of schools and the large class sizes might mitigate against
such a large effect of schooling, as might the fact that many children are delayed in starting
school. Previous studies in a variety of developing country settings have, however, still found
effects of schooling on cognitive abilities. These include one study in the former Zaïre, which
has a lower per capita income and, therefore, where the school system is significantly poorer
than in the country where this study is based, Kenya (Conant et al., 2003; Conant et al., 1999).
Public schooling in Kenya also takes up a fairly large proportion of children’s time, with
attendance for, on average, 6 hours a day, 40 weeks a year. Many children attend nursery
classes attached to primary schools theoretically starting from the age of 6, with the govern-
ment-recommended age for starting the first grade being 7 years. Although very few start first
grade with no nursery experience, a large proportion are delayed in enrolling for a variety of
reasons, including financial.
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Construction of tests of overall cognitive ability in a group of children who differ in both
age and school experience will enable us to examine appropriate methods and help avoid
inappropriate methods of evaluating cognitive performance in children who have had little
or no schooling. We should, in addition, gain some insights into the relative contribution of
school exposure to developmental change. It is clear that it is only possible to assess the
effect of schooling on cognitive test performance, separate from the effect of age, in a set-
ting where not all children enter formal schooling at the same time. In most settings, it is
impossible to disentangle these two effects, but here we have the advantage that, because
there is no one-to-one correspondence of years of schooling with years of chronological
age, the differential effects of these two factors on test performance can be compared.

Aim of the Study and Hypotheses

The primary purpose of this article is, hence, to report on the process of construction and
adaptation of appropriate assessment tools for both children who are schooled and children
who are unschooled. Continuing from previous studies examining test performance in
schooled and unschooled children, we hypothesize as follows: that a test of global cogni-
tive skill will not necessarily have the same measurement properties in these two groups of
children, so that extra care must be taken in constructing such a test; that not all subtests
will necessarily be suitable for both groups or likewise have adequate measurement prop-
erties in both groups; and that separate norms may be necessary for each group.

Using data from the same study, we will be able to investigate our secondary hypothe-
sis: that school exposure will contribute to differences in cognitive performance on the
tasks developed as part of the study. As part of this, we hypothesize that even if raw scores
increase with age in unschooled children, standardized scores in these children will appear
to deteriorate with age when a test has been standardized on schooled children. This will
reflect similar findings in younger children tested with infant developmental scales who
have not been exposed to cultural and educational experiences that would be typical in the
standardization populations (Gay et al., 1995; Pollitt et al., 2000).

Test construction and validation will be carried out using a large sample of children living
in a rural area of Kenya, who were recruited as part of a community survey of neurological
impairment (Mung’ala-Odera et al., 2004). Children were identified by parents as either hav-
ing or not having some developmental concerns; both test development hypotheses and effect
of schooling hypotheses will be examined using a sample of children that is representative of
the general population in terms of the number of children who parents believe to have a devel-
opmental concern.

Method

Study Site and Study Participants

The study took place at the Kenya Medical Research Institute, Centre for Geographic
Medicine Research, which is located in Kilifi District, a predominantly rural area in coastal
Kenya, East Africa. The area is inhabited mainly by people of the Mijikenda ethnic group-
ing, and a large proportion of families in the study area speak Kigiriama, an Eastern Bantu
language. Economically, this area is uniformly poor and differences between households in
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socioeconomic status are hard to measure. The study was part of an epidemiological inves-
tigation of neurological impairment in primary-school-age children. The construction of
the test battery here described was to enable external validation of moderate or severe cog-
nitive delay in children identified through parental report. The main project screened
10,218 children aged 6 to 9 years in the community, through demographic surveys
(Mung’ala-Odera et al., 2004). Parents of these children were asked 10 questions concern-
ing their child’s motor, sensory, or cognitive development (for details of the Ten Questions
Questionnaire [TQQ], see Durkin, Hasan, & Hasan, 1995). All children identified as hav-
ing a delay or a problem by any of the 10 questions (“screened positive”) were assessed
using the battery of cognitive assessments, as well as an equal number of randomly selected
children whose parents had indicated that their children were developing typically
(“screened negative”).

The study was approved by the National Ethics Committee in Kenya. Parents gave their
informed consent for their child’s participation in the study. Where a parent was illiterate,
the study was explained to them orally. Children gave verbal assent to their participation.

During large-scale testing, the battery of cognitive tests was administered to 1,618 chil-
dren in total (the “overall sample”); 860 children had screened positive on the TQQ, includ-
ing 375 children (44%) who were not attending school and 485 children (56%) who were
attending school. A further 758 children, randomly selected from the original survey pop-
ulation, screened negative on the TQQ, and of these, 488 (64%) were attending school and
270 (36%) were not attending school. School attendance was defined as enrollment in nurs-
ery class or higher. The highest grade represented was Grade 4. Table 1 shows the mean age
in years and months of all children attending and not attending school, with the former bro-
ken down by the year of school in which they are enrolled. It is possible that the overall
sample included fewer school-going children than might be found in the general population
because of the overrepresentation of children who potentially suffer from developmental
difficulties, those who screened positive. From the overall sample, therefore, a subsample
was selected including all the children who screened negative on the TQQ, plus 78 children
who screened positive. The size of the screened positive group was determined by the pro-
portion of children from the general population who had screened positive (9.3%, because
out of 10,218 children selected randomly from the community whose parents took part in
the initial survey, parents of 955 answered “yes” to one or more questions; i.e., their child
screened positive). This sample (the “representative sample”), therefore, intended to draw
from the population in a random manner children whose screening status was representa-
tive of those in the general population. Figure 1 shows the numbers recruited, and in each
of the samples and screening groups. The representative sample is used for all further
analyses unless otherwise indicated. Breakdown into schooling, gender, and whole year age
groups (number of completed years of age) is also included in this figure.

In the overall sample, there is a large proportion of children whose parents consider them
to have difficulties and who may, for that reason, keep them at home or request that they be
held back a class. This is not true of the representative sample, but it can also be seen in
this sample that children do not move through school at a rate of 1 year of schooling per
year of age. Nor do they necessarily start nursery class or Grade 1 at the recommended ages
of 6 and 7 years, respectively. Despite this variability in amount of education for a given
age, children of each age were simply divided into “attending” and “not attending” school
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for initial analysis. This is because the aim of this study was to construct a cognitive test
battery suitable for both groups of children, regardless of the number of years of schooling
a child attending school happened to have completed. Following this analysis, further
analyses to examine the relationship between age, school exposure, and cognitive abilities
were conducted.

Children aged 6 to 9 years old, recruited both through the census database held at the
research unit and through schools, were included in an earlier test development phase of the
study. This phase involved the piloting of new test materials and the assessment of test reli-
ability where it had not previously been carried out in the target population. Only children
deemed to have no developmental, motor, or sensory problems, on parent or teacher report,
were included in the pilot testing. For both the pilot and the main testing phase, children’s
ages were determined from parental report of date of birth, supplemented by the child’s
infant health and immunization record card (given to each child at or shortly after birth)
where families still had these cards.

Description of Test Battery

Tests were selected to provide an evaluation of general cognitive ability (g) and of two
subdomains, verbal and nonverbal abilities. Almost all published tests of general cognitive
ability, although acknowledging an underlying general intelligence factor (Spearman’s g),
draw a distinction between just two types of cognitive processing, in the main correspond-
ing to a verbal and to a nonverbal factor (Kaufman & Kaufman, 1990; Raven, Court, &
Raven, 1992; Wechsler, 1991), although the interpretation and labeling of these factors dif-
fer. For each subdomain, an attempt was also made to include tasks that involve a speeded
component, as speed of processing has been hypothesized to be closely related to g (Deary
& Crawford, 1998).

Tests were drawn from those previously developed for application in the region (Holding
et al., 1999; Holding et al., 2004; Jukes et al., 2002; Nokes et al., 1992) and supplemented
by new adaptations. Tests are described in detail below, and maximum possible scores on
each test can be seen in Table 2. All testing was carried out individually by a tester from
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Table 1
Age (in years) and Schooling Distribution of Sample, Including Only
Those Children From Whom Valid Test Results Could Be Obtained

Overall Sample Representative Sample

Schooling M SD N M SD N

Not attending school 7.67 1.11 645 7.14 1.12 290
Nursery 7.62 1.06 571 7.10 1.05 303
Grade 1 8.50 .96 260 7.93 .93 137
Grade 2 9.03 .76 109 8.60 .67 70
Grade 3 9.36 .57 27 8.80 .52 20
Grade 4 9.46 .31 6 9.00 .00 5
Overall 7.91 1.15 1618 7.43 1.15 825



the study area who was familiar with testing children, including those who had not attended
school and were, therefore, not familiar with a teaching situation. Children were accompa-
nied by their parents during testing. Tests were administered in a fixed order, starting with
tasks that did not require a verbal response from the child or prolonged eye contact with the
tester. Testing was carried out on the same day, with breaks if necessary. Given the number
of children tested, children were tested at different times of year.

Verbal Tests

Picture Vocabulary Test (PVT). Tests of vocabulary generally have consistently shown high
correlations with full-scale measures of IQ (Jensen, 1980). The PVT requires the child to
select the correct picture from a choice of four. This test was originally constructed for use in
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the study area by Holding et al. (2004). Further modifications were incorporated to extend
upward the age range to which the test could be applied. The test has four sets of 12 items
each. In this study, testing started at Set 2, and if the child failed 8 or more items in Set 2, Set
1 was administered. If the child failed 8 or more items in subsequent sets, testing was dis-
continued. Children were given credit for Set 1 if they failed fewer than 8 items in Set 2.

Information Test. The Information Test was developed for this study to increase the level
of difficulty measured by the verbal knowledge tests. The item pool was developed from a
parental survey carried out to determine the areas of knowledge considered by parents to be
important for young children to acquire. The areas most commonly suggested by parents were
good behavior, good diet, family relations and status, causes of sickness and dangers, clean-
liness, games and play activities, religion and prayers, and the natural world. Other topics
raised with lower frequency included knowledge of emotions and family relationships and
school-based knowledge such as knowing colors, how to spell, and how to count.

The item pool was then supplemented with other items from the Wechsler Preschool and
Primary Scale of Intelligence (WPPSI) and Wechsler Intelligence Scale for Children, Third
Edition (WISC-III) information subtests (Wechsler, 1989), the Bagamoyo Daily Living
Skills questionnaire (Jukes et al., 2008), and the Orientation section of the Kilifi Creek
Behavioural Memory Battery as used in the study described by Carter (2003). Questions
were translated into Kigiriama where necessary and back-translated for verification. The
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Table 2
Distribution of Scores on Each Test

Mean Standard Minimum Maximum Maximum 
Score Deviation Score Score Possible 

Test Obtained of Scores Obtained Obtained Score

PVT schooled 37.17 6.29 8 49 50
unschooled 31.44 7.84 5 46

Information schooled 5.35 4.49 0 19 20
unschooled 2.48 2.55 0 12

Total PVT and Information schooled 42.49 9.62 10 66 70
unschooled 33.89 9.15 5 54

Digit Span total correct schooled 7.87 2.01 2 16 24
unschooled 6.68 1.86 0 14

Category Fluency total score schooled 17.64 6.66 1 38 —
unschooled 13.83 6.29 0 34

Construction total correct schooled 11.26 5.23 0 24 24
unschooled 6.15 4.08 0 24

MFFT mean reaction time schooled 4.52 2.32 .85 17.42 —
for correct items unschooled 3.52 1.76 .79 10.99

MFFT total number of errors schooled 13.02 4.32 4 27 36
unschooled 16.22 5.27 1 28

Build a Man total score schooled 8.26 3.73 0 20 20
unschooled 5.25 3.48 0 18

Note: PVT = Picture Vocabulary Test; MFFT = Matching Familiar Figures Test.



resulting questions were then validated by groups of parents and teachers, the groups being
asked to rank each question as being of major, minor, or no importance for children to be
able to answer. The questions of major importance were further classified into whether a
younger or an older child would be likely to know the answer. Only questions achieving
100% agreement both in designation as of major importance and in age ranking were incor-
porated into the item pool.

Two groups of children, aged 5 to 6 years or 9 to 10 years, were asked the final 40 questions
(20 from each age group). Twenty questions that showed sensitivity to age were retained.
These were administered to an additional 75 children. The 10 questions that achieved the high-
est correlations with age and with the total test score were retained in the final question sched-
ule. The final questions are listed in the appendix. All items were administered to all children
and the number of items correct was scored; for some items, a partial answer gained half a
point. Test–retest reliability was evaluated with 16 children aged 9 and 10.

Digit Span. Digit Span, a measure of phonological working memory, has been found to
correlate highly with verbal IQ (Gathercole & Baddeley, 1993). In adapting this test for lan-
guages other than English, word length should be taken into account, as digit span is related
to the number of syllables, and duration of the pronunciation of words, as well as the num-
ber of words to be remembered (Ellis & Hennelly, 1980). The version used here was mod-
eled on the procedures described in the K-ABC (Kaufman & Kaufman, 1983), incorporating
an extension of the demonstration items and instructions that emphasized the importance
of the order of the numbers. If a child had no correct items on a section (three items), the
test was discontinued; the total number of items correct was scored.

Category Fluency. Category Fluency, or semantic fluency, measures speed and effi-
ciency of retrieval from long-term verbal memory. Three categories, “things you can eat,”
“girls’ names,” and “animals,” were selected from a list of common words developed
through a survey of 190 local schoolchildren. For all ages, and both schooling groups,
foods and girls’ names produced the longest lists, although boys produced shorter lists in
both categories. This difference was larger for girls’ names. Alternative strategies were
piloted, first using “names of people.” This elicited words describing relationships, such as
mother, father, and auntie, creating a ceiling on potential responses. Instead, we asked girls
to list girls’ names, and boys to list boys’ names. Although girls continued to produce
longer lists, the difference was reduced. Therefore, this method was used.

Nonverbal Tests

Construction. The Construction task is based on an idea suggested in Rutter, Graham,
and Yule (1970) and is designed to measure perceptual reasoning. The task requires chil-
dren to assemble wooden sticks to match a model shape to which they are exposed. Piloting
revealed that children could not copy a drawing of the shape accurately, but when presented
with the model in the form of sticks pasted onto a card, they were more successful. This
test was also originally developed for use in the study area by Holding et al. (2004). The
task was lengthened for the older age group included in this study. Responses were given
1 point for shape and 1 point for orientation, and the test was discontinued if a child had no
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score on one section (two items) after Section 2, or if a child had two consecutive sections
with a score of less than 2 (out of a maximum possible 4).

Build a Man. This test is a parallel task to the Goodenough-Harris Draw-a-Person Test
that is hypothesized to assess intellectual maturity (Harris, 1963). Studies in Zambia and
the United Kingdom suggest that clay modeling measures an equivalent construct but in
materials more familiar to African children (Serpell, 1979). The task has been standardized
on a Zambian population (Kathuria & Serpell, 1998) from ages 7 to 12 years, providing age
and grade norms. Instructions were translated into Kigiriama, but otherwise, the test was
used in the same form. During testing, children were allowed to continue working with the
clay material until they appeared to have finished, or until 15 minutes had elapsed, and the
scoring procedure outlined in the standardization was used.

Matching Familiar Figures Test (MFFT). Although originally designed to assess impul-
sivity (Kagan, 1964), this task has also been used by Willatts et al. (2004) and Jacobson,
Jacobson, Padgett, Brumitt, and Billings (1992) as a measure of processing time, measur-
ing the time to correct response or the ratio of errors to correct response. The MFFT was
included in our test battery to provide a measure of processing speed that was straightfor-
ward to administer and did not require specialist equipment that might be unreliable in our
setting. As many of the original items were unfamiliar to the children in the study area,
changes were made to the pictures used by Willatts et al. The telephone, bear, giraffe, boat,
and cowboy were removed and were replaced with a basket, chair, cow, lorry, and school-
girl, respectively. The number of errors made in response to each item (up to a maximum
of three), as well as the reaction time for the first response, were recorded.

Analysis

Test Reliability

Test–retest reliability. Reliabilities for those tests that had already been used in the study
area (PVT, Digit Span, and Construction; Holding et al., 2004) were completed on approx-
imately 20 6-year-old children at an interval of 2 to 3 weeks. For the remaining tests
(Category Fluency, Information, MFFT, and Build a Man), test–retest reliabilities were per-
formed at an interval of 1 week (Baddeley et al., 1995) on between 18 and 32 children
within a 1-year age group (for each test, the oldest child tested was no more than 1 year
older than the youngest child tested). All test–retest reliability testing was carried out by the
same tester, at the same time of day, and in the same testing situation.

Internal consistency. For the examination of internal consistency (as well as change in
children’s abilities by age, schooling, and of the underlying factor structure), data were ana-
lyzed from the representative sample (see above for details). Cronbach’s alpha is reported
separately for children in school and out of school for Information, Construction, MFFT
(both errors and time taken), and Build a Man.

For PVT and Digit Span, however, Cronbach’s alphas were calculated on a sample of 50
and 45 control children, respectively, as rescoring of the original test administration was
necessary to extract scores for individual items. For these tests, the statistic reported is for
all children together, both those in and those out of school.
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Parallel form reliability. For Category Fluency, parallel form reliability was calculated
with the two available forms, separately for children in school and out of school, using the
representative sample as with internal consistency.

Interrater reliability. For Build a Man, interrater reliability was also carried out. For this
test, the main tester scores the child’s model at the end of the testing session, retaining the
model; the second rater scored the model at the same time point but independently of the
first rater and blind to the first rater’s judgments. This procedure was carried out with 16
children aged 9 and 10 years, during piloting.

Standardization of Scores and Determination of Delay

In each age group, ζ scores were initially computed for individual tests for all children
in the representative sample (see above), taking each year of age separately. Outliers (those
in any age group whose ζ score on an individual test was greater than +3.0 or less than –3.0)
were then excluded and ζ scores were recalculated using the data from the remaining chil-
dren in the representative sample, on a testwise basis. Every child from each group was
then given a ζ score for each test based on these values. Hence, all children received a ζ
score for all tests in which they had participated, based on the distribution of scores of chil-
dren who both (a) were in the representative sample and (b) had a score on a specific test
that was no more than 3 standard deviations away from the mean for their age.

To determine whether children were moderately or severely impaired on the cognitive
test battery, and hence to enable validation against physician assessments of cognitive
delay, three different methods were used: first, if their mean ζ score for all tests was below
–2 (or –3 for severe impairment; Wechsler, 1991); second, if their mean ζ score on all the
verbal tasks they performed was below –2 (–3 for severe impairment); and finally, for those
children with a hearing impairment, if the ζ score for the Construction task alone was below
–2 (again, –3 for severe impairment). A variety of methods were used to establish cogni-
tive delay more accurately in children with communication or hearing impairments. For
further discussion of the number of children in the sample who were found to have cogni-
tive delay, and the implications of these findings, see Mung’ala-Odera et al. (2006).

Test Validity
As no standardized methods for cognitive assessment were available for the study pop-

ulation, test sensitivity was compared to the designation of impaired development made
through a physician’s assessment (common practice in the region). Clinical assessments by
a pediatrician were made for all children in the overall sample (see Figure 1). Assessment
comprised a neurological exam that included a developmental history taken from parental
report; direct assessments of the ability to comprehend and follow simple, yet nonstan-
dardized, instructions (e.g., “Can you shake hands?”; “Can you walk over there and back
again?”); assessment of gross and fine motor abilities and coordination, as well as muscle
tone, power, and reflexes; and a record of any dysmorphic features (visual signs of chro-
mosomal abnormalities).

Where the clinical exam revealed some indication of a learning disability (either a chro-
mosomal abnormality compatible with a learning disability, or clinical observation of
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inability to respond and interact either verbally or nonverbally that could not be
explained solely by a sensory or motor disability), the child was deemed to meet clini-
cal criteria for a learning disability. These children were then compared with those who
were deemed to be delayed by the cognitive tests outlined above, and specificity and
sensitivity were calculated.

Results

Primary Hypothesis Set: Test Properties

Test Score Distribution

The distribution of raw scores for each test, with separate figures for schooled and
unschooled children, is shown in Table 2.

Raw scores for Category Fluency, Digit Span, Construction, and Build a Man demon-
strated a normal distribution for both children in school and those out of school. Further
analyses were, therefore, carried out using the raw scores. Deviation from the norm was
observed for scores on the PVT and the Information tasks, suggesting a ceiling and floor
effect, respectively. When the two verbal test scores were combined, as intended in the orig-
inal development of this battery, the total verbal score showed a normal distribution.
Subsequent analyses examining the effects of age and schooling were, therefore, carried out
using a combined PVT/Information score, although because the measurement properties of
the PVT have already been reported (Holding et al., 2004), measurement properties of the
Information test are reported here for the sake of completeness. The distribution of the
MFFT time score had a very long positive tail, as is usual with reaction time scores. For
subsequent analysis, log transformed scores were used. MFFT errors, however, showed a
normal distribution.

Test Reliabilities

Correlations for test–retest, parallel form, and interrater reliabilities ranged from fair to
excellent (Kline, 2000) and are shown in Table 1.

Internal consistency reliability (Cronbach’s alpha) is reported for Build a Man, MFFT
(errors), Construction, Information, PVT, and Digit Span. Alpha levels are near or above .8
with the exception of Digit Span and of MFFT errors and Information questions for out of
school children only.

In an attempt to improve the reliability of these last two tests for out of school children,
on MFFT (errors), removing 5 of the 12 items only raises the reliability to .40, suggesting
that only the reaction time should be scored for children out of school. For the Information
questions, removing 3 of the 10 items, again, only raises the reliability to .50. Hence,
although reliability for these two scores is relatively low, minor adjustments to the item sets
do not raise the reliability appreciably, so further analyses include all items. It is worth-
while to report further data on these tests, however, as the purpose of this study was to
examine methods of constructing valid test batteries for this population, which necessarily
includes reporting those subtests that are not valid.
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Validity With Respect to Clinician Assessment

As discussed above, this is currently the primary means of assessing cognitive delay in
use in the study area. Hence, if our battery of tests is appropriate for examining cognitive
functioning in this population, it should demonstrate validity against any currently used
means of detecting learning impairments.

The specificity of the test battery (using the criteria described in the Method section) in
detecting learning impairments, compared with detection of learning impairments by the
clinician, was 92% and its negative predictive value was 99%, both of which are very high,
with sensitivity fair at 61% and positive predictive value low at 18%.1 Hence, if physician
assessment suggested that a child was impaired or unimpaired, this was very likely to be
confirmed by the cognitive battery, but a larger number of children were shown to be
impaired on the cognitive battery than were assessed as such by the physician, leading to
the low positive predictive value.

Secondary Hypothesis Set: Schooling Effects
and Their Interaction With Age

Looking at the representative sample, analyses of variance (ANOVAs) revealed main
effects of schooling (enrolled vs. not enrolled) and age on all tests. These are shown in
Table 4. Note that MFFT correct reaction time (RT) becomes longer as children get older.

Interactions between age and schooling were found on MFFT (number of errors made
and the reaction time for correct answers) and Information/PVT. The interaction for
Construction approached significance. These are shown in Figures 1 through 5 as well as
in Table 4.
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Table 3
Reliabilities for Tests in the Battery

Internal Internal Internal 
Test–Retest Consistency Consistency: Consistency: Other 

Test Reliability for all Schooled Unschooled Reliability 
[r* (N)] Childrena Childrenb Childrenc [r* (N)]

PVT .55 (20) .86 (50)
Information .74 (36) .73 .74 .48
Digit Span .70 (26) .63 (45)
Category Fluency .63 (36) Interform: .52 (826)

Schooled: .48 (534)
Unschooled: .49 (292)

Construction .73 (20) .88 .87 .82
MFFT .81 errors, .55 errors, .59 errors, .26 errors,

.84 RT (26) .91 RT .91 RT .87 RT
Build a Man .57 (26) .82 .78 .82 Interrater: .90 (20)

Note: PVT = Picture Vocabulary Test; MFFT = Matching Familiar Figures Test; RT = reaction time.
a. N = 837 where not specified.
b. N = 537 where not specified.
c. N = 300 where not specified.
*p < .05 for all reliabilities reported.



Post hoc analyses, with Bonferroni correction applied, were then carried out on data
from schooled and unschooled children separately. These revealed that the scores of chil-
dren in school improved on all tests as they grew older (Information/PVT F3,506 = 105.99,
η2 = .31; Digit Span F3,506 = 28.99, η2 = .08; Category Fluency F3,506 = 63.57, η2 = .19;
Construction F3,506 = 80.57, η2 = .24; MFFT RT F3,506 = 26.94, η2 = .12; MFFT errors F3,506

= 41.35, η2 = .19; Build a Man F3,506 = 26.75, η2 = .31; all ps < .001).
For children out of school, a significant improvement in test scores with age was found

on all tests except MFFT RT (Information/PVT F3,256 = 21.13, η2 = .20; Digit Span F3,256 =
6.90, η2 = .07; Category Fluency F3,256 = 13.80, η2 = .14; Construction F3,256 = 17.35, η2 =
.16; MFFT RT F3,256 = 2.38, p = .14, η2 = .03; MFFT errors F3,256 = 5.49, p = .002, η2 = .06;
Build a Man F3,256 = 18.72, η2 = .18; all ps < .001, except where otherwise noted).

The ANOVAs suggest differential rates of improvement with age on MFFT and
Information/PVT for children in and out of school, as well as possibly for Construction.
Children who were not in school performed more poorly at all ages for all tests. Post hoc
comparisons, using Bonferroni adjustments, were further carried out to examine on which
tests children out of school perform more poorly at the same age than children who are in
their 1st year of schooling. This should help to determine whether there are initial differ-
ences between children in and out of school, separate from the effect of schooling. These
data are shown in Table 2.

At ages 6 and 7, children in their 1st (nursery) year of school perform better on most
tests (excluding MFFT at age 6) than children who are not in school. At ages 8 and 9, how-
ever, children who are out of school and those in their 1st (nursery) year of school perform
similarly on the majority of tests in the battery, apart from Construction at both ages, and
MFFT RT and Information/PVT at age 9. Note that the children in the nursery grade have
a mean of only 5.76 months of education (SD = 3.28). It appears that either (a) there is a
different effect of entering school at age 6 or 7 from the effect of entering school at age 8
or 9, or (b) the children who end up entering school at age 6 or 7 are different from those
who remain home at age 6 or 7, whereas there is not a similar difference between the chil-
dren who remain at home and those who start school at age 8 or 9.
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Table 4
Effects of Age, Schooling, and Their Interaction

F Values (partial η2) Interaction Between 
Age and Schooling 

Test Effect of Age (F3, 762) Effect of  Schooling (F1, 762) [F3, 762 values, p (partial η2)]

PVT and Information combined 98.54** (.12) 107.42** (.12) 2.78, p = .040 (.01)
Digit Span 19.00** (.07) 42.40** (.05) .244, p > .05 (.00)
Category Fluency 30.72** (.04) 32.99** (.04) .693, p > .05 (.00)
Construction 148.33** (.16) 165.22** (.17) 2.313, p = .075 (.01)
MFFT correct RT 14.67** (.06) 28.09** (.03) 4.702, p = .003 (.02)
MFFT errors 31.01** (.11) 55.14** (.06) 4.366, p = .005 (.02)
Build a Man 40.31** (.14) 76.16** (.09) .914, p > .05 (.04)

Note: PVT = Picture Vocabulary Test; MFFT = Matching Familiar Figures Test; RT = reaction time.
**p < .001.
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Figure 2
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Vocabulary Test (PVT) Tasks Combined
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Figure 4
Age, Schooling, and Errors on the Matching Familiar Figures Test

Figure 5
Age, Schooling, and Correct Reaction Time (RT)

on the Matching Familiar Figures Test



Discussion

Testing Schooled and Unschooled Children

We sought to develop a battery of tests that would reliably discriminate different levels
of performance in our target population, 35% of whom do not attend school despite being
of an age to do so. The tests demonstrated acceptable measurement properties, with the
majority of the test–retest reliabilities above 0.7 (Kline, 2000). Furthermore, test scores
approached the normal distribution for children both in and out of school, showing sensi-
tivity to within-population variance. When comparing test properties between schooling
groups, important differences were observed, however.

Although Cronbach’s alpha for children in school was acceptable on all tests in the battery,
it was low for children out of school on the MFFT errors and the Information test. Because
verbal knowledge tasks, either in the form of vocabulary tests or tests similar to the
Information test, have been shown to have high correlations with IQ in in-school populations,
they are, therefore, commonly used as proxy measures of IQ. Our results suggest that this type
of test may be an unreliable and, therefore, inappropriate method for assessing IQ in children
who have not had school experience. This finding supports the caution that we have expressed
in assuming that the same methodology used for in-school children can be transferred with-
out adaptation to those out of school. Whereas some tests appear to be operating in a similar
manner across children both in and out of school, the content or measurement properties of
others may preclude the reliable assessment of cognitive function.

Test scores showed the anticipated improvement in performance with age, overall,
including reduced errors on the MFFT. For most of the measures in the battery, children
both in and out of school do improve significantly as they get older. However, the school-
ing groups differed in the pattern of improvement observed.

On some tasks, children out of school made significant improvements in their perfor-
mance. Although children out of school continue to score below those in school, they did
not fall further behind throughout the age 6 to 9 range observed. For other tasks (MFFT,
both errors and RT, Construction, and the combined Information/PVT), children who do
not attend school fail to improve at the same rate as children who are in school. If children
out of school fail to improve on tasks at the same rate as children in school, then where a
test of cognitive ability is standardized on children in school, those children who do not
attend school will appear to have standardized scores that become lower with age. This
confirms our original hypothesis that the standard scores on a test battery obtained by chil-
dren who are not in school will become lower as the children grow older.

It is also relevant to examine whether children in and out of school differ at the point when
they enter school, as these may be due to intrinsic between-child differences, parental choices,
or both and, hence, may affect schooled and unschooled children’s performance on the test
battery for reasons other than exposure to schooling. The official age for nursery enrollment
in this area is 5 years, but parents frequently delay enrollment in nursery class (or do not
enroll their children at all), so that children older than this can be either not in school or in the
nursery class. If children who have only just entered school perform better on this battery, it
is possible that there are initial differences between children whose families choose to enroll
in school and those they do not. Although we did not test schooled children before they started
school, we did test a large number of children in their 1st (nursery) year of formal schooling,
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who would not currently be receiving intensive formal literacy instruction but who would
have some familiarization with school procedures, culture, and school-based interaction
with adults, as well as some informal instruction.

There is partial confirmation for the idea that children differ on enrollment: Whereas
children in nursery class who are aged 6 and 7 years perform significantly better on almost
all tests in the battery than children of the same age who are not enrolled in school, chil-
dren aged 8 and 9 in nursery class only perform better than age-matched children who are
out of school on the Construction task, and the PVT/Information and the MFFT reaction
time were performed better by nursery children aged 9 only. A variety of possible conclu-
sions can be drawn from this. Parents may only choose children who are relatively
advanced to enroll in nursery at ages 6 and 7, believing it is better for less advanced chil-
dren to remain at home longer; teachers likewise may suggest to parents that certain chil-
dren are either not yet ready for school in any form or not ready to proceed beyond the
nursery class. This would explain better test performance by 6- and 7-year-olds who are in
nursery class than those who are not.

Alternatively, children may require a certain level of cognitive or social maturity to per-
form on tests in the battery. Children may be able to gain this maturity by having a small
amount (around half a year) of nursery education. If they do not enroll in school, they may
be able to gain this maturity by becoming a year or 2 older, chronologically. This maturity
may include acquisition of specific test-related knowledge or test-taking skills or the abil-
ity to interact with unfamiliar adults in a tester/teacher role. The gain of this maturity would
likewise explain equivalent test performance by 8- and 9-year-olds out of school or in nurs-
ery, whereas lacking this maturity would explain poorer test performance by 6- and 7-year-
olds out of school when compared with those in nursery.

Effects of School Experience on Test Performance

For most of the measures in the battery, older unschooled children perform significantly
better than younger unschooled children. Older unschooled children were observed to make
fewer errors on the MFFT than younger unschooled children, although this decrease in
errors was smaller than the equivalent comparison for schooled children of the same ages.
On the MFFT reaction time measure, an increase in reaction time with age was seen in chil-
dren in school. This may be indicative of more careful inspection of the stimuli, as previ-
ously observed on this type of task (Vurpillot, 1968). There was no such improvement in
older unschooled children, however. These data suggest that the reduction in error scores
observed in children out of school is a consequence of a different strategy from that used by
those in school. Reduction in the out-of-school children may depend on improvement in pro-
cessing capabilities without use of a new strategy, whereas older children in school deliber-
ately use a more accurate (but slower) scanning strategy than younger schooled children.

As discussed above, some suggestions have been made that parents actively choose children
to send to school who they think may benefit more from schooling (Jukes et al., 2008) and,
likewise, that teachers may provide an ability- or potential-based gateway at the entry point to
school, either by suggesting to parents that their child is not ready for school or by requiring
children to spend more time in the nursery class. The differences between children in and out
of school even where the children in school have only had an average of half a year’s semi-
formal nursery education (for children aged 6 or 7 years), in fact, point in this direction.
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However, if this were the case, the children out of school might be expected to fall fur-
ther behind their school-going peers on all tests in the battery, and for all tests, there would,
therefore, be a significant interaction between schooling and age, which was not found. The
lack of an increasing gap in performance on some tests, combined with the improvement
in performance observed in the out-of-school children on the majority of tests in the bat-
tery, suggests, in fact, that those children who do not attend school have similar potential
for learning to those who do attend. Likewise, for children aged 8 and 9 in nursery class
and out of school, differences were, by and large, nonsignificant, again suggesting that chil-
dren who have just been selected for schooling and those who have not been selected for
schooling are very similar at these ages.

Anecdotal evidence (“No Swots, Please,” 2002) has suggested that some Kenyan fami-
lies, rather than choosing cognitively more able children to send to school, may in fact
choose less intelligent children to send to school. Our data do not support this suggestion,
however. Rather, they lend weight to the idea that children attending school maintain their
standardized scores on intelligence tests (in other words, improving with age at the same
rate as peers) because they are learning appropriate skills and information in school.
Children who are not attending school are still learning something, although, in the case of
some areas of cognitive skill, not at the same rate as their peers in school, so that their stan-
dardized scores decline if these scores are based on performance by schooled children.

The difference in the performance levels between the two school attendance groups indi-
cates that school exposure needs to be taken into account in evaluating both absolute per-
formance levels and the rate of change in test performance that a child can be expected to
demonstrate. Calculating test scores standardized on age alone will give the impression that
the IQ of children out of school lowers year by year (Ceci, 1991; Ceci & Williams, 1997).

Methods of Assessing Cognitive Impairments

In many developing countries, the only means of assessing learning impairments in chil-
dren is either clinical assessments by physicians or classroom-based assessments by teach-
ers. Examining one of the validation methods, clinical assessments, it is clear that these, as
used in the region, are extremely insensitive. The vast majority of children who were
assessed as having a learning impairment by a clinician were also assessed as such on the
cognitive battery. However, there are many children whose clinical assessment did not
reveal a learning impairment but whose cognitive test performance was in the moderate to
severe learning impairment range.

Implications and Conclusions

It is clear that differences between the experiences that children have at home and school
can have a significant effect on cognitive test performance, and on change in test perfor-
mance with age, although this effect depends on the cognitive skill being measured. Our
findings are important in a practical sense: It is certainly possible to create standardized
psychometric tests of cognitive abilities that can be used with children who have had little
or no schooling experience, and these can be the same measures that are useful with chil-
dren who are in school. However, it is clear from the effect of schooling on each and every
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measure that standardizing a test on children who are experienced school-goers will not
give a realistic, unbiased measure of ability in children who have not yet been to school. It
is also clear that some subtests (notably, Information and the MFFT) would be hard to
develop to the point where measurement properties were acceptable in both in- and out-of-
school children. On these tests, the properties of individual items were examined, the poor-
est performing items removed, and reliability measures recalculated, but these were still
poor. It is likely that the Information test has poor measurement properties in out-of-school
children due to more variable acquisition of this type of knowledge in these children. For
the MFFT, differences in application of strategies seem to be the reason for the poor prop-
erties of this test in this group.

In the arena of test construction, where a standardized test of cognitive abilities is being
designed for a population that includes large numbers of children who do not attend school,
the ideal approach would clearly be to standardize the test separately for children in school
and those out of school, given the differing age profiles of scores for children in each group.
A compromise for such a population could be to include an appropriate proportion of chil-
dren in each group, based on the proportion in the population in general, but this might have
the drawback of overestimating standard scores of in-school children while underestimat-
ing scores of out-of-school children.

However, for those assessing the performance of individual children with variable school
experience in a Western setting where most children attend school, it is acknowledged that
such a restandardization will almost certainly not be practical. If the differences we have
found are not taken into account in analyzing test performances of children out of school,
or those with limited school experience, misdiagnoses of cognitive impairments are highly
likely. From our data (compare, for example, the performance of the two groups on
Information/PVT and on Construction in Figures 1 and 2), this effect translates into a per-
formance at the age of 9 years that is similar to that of a child approximately 2 to 3 years
younger. On some tests, this is a straightforward delay, which may increase in magnitude
with age, whereas on others (such as the MFFT), the pattern of change with age will differ
for the two groups.

These data are also interesting theoretically, because they bring added knowledge of the
effect of a cultural influence, namely, attending school, on cognitive performance and some
hints about how this might arise. Although some differences are seen immediately upon
entry to the nursery class between schooled and unschooled 6- and 7-year-olds, there are
few significant differences between schooled and unschooled 8- and 9-year-olds in the
same groups. This suggests that exposure to school, rather than (or possibly in addition to)
preexisting differences between children, alters their performance on the test battery.
Likewise, children appear to continue to improve on the battery as they grow chronologi-
cally older, even if they are not enrolled in school.

Our study has, hence, not just achieved the primary aim of constructing an appropriate
battery of cognitive tests for use with both schooled and unschooled children. The investi-
gation of the relative contributions of formal school-based education and chronological
maturation is almost impossible to carry out in a Western setting. The importance of this
and further studies of school exposure in populations such as ours is that it enables a
detailed investigation of the influence of formal education where years of schooling and
years of age do not correspond on a one-to-one basis.
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Appendix
Information Questions

1. What kind of water is good to drink?
2. Tell me two kinds of things that have wheels.
3. Tell me two kinds of money.
4. What is our president called?
5. Where does the sun set?
6. What is your father’s sister called?
7. What should you do to have good health?
8. Do you know what day today is? What day is it?
9. What month is it?

10. What year is it?

Note
1. Specificity refers to the probability that the test under examination (the battery of cognitive tests) allocates

an individual to an unimpaired diagnosis (no learning impairment) given that he or she has already been diag-
nosed as unimpaired by the reference criterion (in this case, clinician assessment). Negative predictive value
refers to the probability of a child being unimpaired on the reference criterion, given that he or she has been
diagnosed as unimpaired with the test battery. Sensitivity refers to the probability of a child being allocated to
an impaired diagnosis, given that he or she had already been diagnosed as impaired by the clinician assessment,
and positive predictive value refers to the probability that a child who has been diagnosed as impaired on the
reference criterion also receives a diagnosis of impairment on the test battery.
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