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An in-depth understanding of the relationships between epilepsy and child cognitive deve-
lopment is still an important and unmet medical knowledge need. In developing countries, the 
new knowledge-generation process has been critically slowed down by the paucity of tools for 
paediatric cognitive assessment. Current psychometric practices in clinical research settings 
mostly rely on instruments developed and normed on populations of other countries (i.e., USA) 
characterised by irreconcilable cultural, environmental, and socio-economic backgrounds. This 
poses obvious and serious methodological concerns on the validity of most of the cognitive me-
asures used in clinical trial settings. The new development and use of diagnostic tools with su-
perior reliability, validated and normed “ad hoc” for clinical research setting, is a viable strategy 
to overcome the limitations of the currently available methodologies. A multidisciplinary inter-
national group of field experts has been promoting a research program to validate the use of the 
Zambia Paediatric Cognitive Assessment Tools (ZPCATs) in Sub-Saharan countries. We report 
the initial results of the validation process of the ZPCATs in a Zambian paediatric population.

The ZPCATs is a diagnostic toolkit to assess cognitive function in children and adolescents (Table 
1). A multicentre field study (approved by the Ethics Committee of University Teaching Hospital of 
Lusaka) to evaluate the psychometric properties of the ZPCATs is currently underway in Zambia. 
An interim statistical analysis was carried out on a sample of 112 consenting participants [56 male 
and 56 female, mean age 134.5 (SD 32.1) months]. The primary objective of the analysis was to 
provide initial demonstration of construct validity, defined as the ability of ZPCATs measures to 
differentiate groups by health/disease status. According to literature data (i.e., Berg et al. 2008), 
it is expected that elements of cognitive impairment can be found in children with epilepsy 
in comparison to healthy controls. Based on relevant medical history, neurologic exam, and 
electroencephalographic evaluation, participants were assigned to one of the following primary 
diagnostic groups: healthy, epilepsy, other chronic medical conditions (i.e., HIV-AIDS, recurrent 
malaria, other chronic infectious diseases, diabetes, etc.). Children with evidence of gross cognitive 
or neurologic senso-motor impairment were not eligible. Psychometric testing was administered 
by trained investigators blinded to participant’s diagnostic classification. Groups did not differ by 
age (ANOVA: p=0.15) and sex (Pearson’s chi-square: p=0.15). The results of the analysis of ZPCATs 
measures are summarised in Table 2.

ZPCATs differentiate between epilepsy and healthy control groups. The epilepsy group 
shows distinct elements of reduced cognitive performance in tasks involving language and 
communication, memory, attention, and visuo-constructional abilities. The results of the interim 
analysis provide supporting evidence to the validity of use of ZPCATs in epilepsy clinical research 
and encourage further validation work in this field of application.
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Cognitive Assessment 
Tool for Children

CAT-C 

This method is intended to explore a range of visuo-constructional abilities. It consists of the standardised 

administration of a basic drawing task which is then repeated by 4 different reproduction modalities. The basic 

drawing task involves showing the subject a picture for study and for immediate free-hand reproduction using the 

dominant hand. The picture contains a visual pattern: a centred black periodic waveform displayed on a white 

background. The subject is asked to reproduce the picture by drawing as exactly as possible onto the pre-specified 

area of the Data Capture Sheet. There are four modalities of reproduction: copying design with open eyes, 

immediate reproduction from memory with open eyes, immediate reproduction from memory with closed eyes, 

delayed reproduction from memory with closed eyes after few seconds of interference. A gallery of four 

reproductions is obtained for scoring. A standardised scoring of reproduction accuracy according to pre-defined 

criteria is applied and overall task execution is noted. Measures of inaccuracy of reproduction include: V-Cusps, Z-

Cusps, Peaks & Throughs, and % of Reduced Extension

The method is based on the administration of a memory task. The task involves an auditory-verbal repeated 

acquisition with immediate and delayed verbal free-recall of a supra-span item-list. The sequence of administration 

consists of an initial “1st Acquisition & Immediate Recall” session followed by a “2nd Acquisition & Delayed Recall” 

after interference (i.e., administration of the Symbol Cancellation task). Words in the list are nouns with concrete 

meaning, with inter-item semantic relatedness, distributed across four mutually exclusive taxonomic categories (4 

words for each taxonomic group), high imagery, high frequency of use, bi- or tri-syllabic. Number of correct recalls 

(score range: 0-12) after immediate and delayed recall are the primary outcomes

A diagnostic method to evaluate cognitive abilities in a paediatric population. CAT-C is administered as a 

standardised brief cognitive examination. The child is asked to complete 11 brief cognitive tasks. The sequence of 

tasks includes: 1. Orientation; 2. Object Naming; 3. Number Sequencing Forward; 4. Number Sequencing 

Backward; 5. Item Recall; 6. Body Parts Naming; 7. Verbal Repetition; 8. Command Execution; 9. Reading 

Comprehension; 10. Writing; 11. Copy Design. CAT-C takes a limited time (average of 7 minutes) for administration 

and scoring. CAT-C provides 5 scores

 

SYMBOL 

CANCELLATION

 

WAVES 

WORDS 

A diagnostic method to assess attention and psycho-motor speed and efficiency. The symbol cancellation task 

involves scanning and detection of a pre-defined target against a background of distractors that are arranged in 

organised rows and columns. The Data Capture Sheet will be directly placed in front of the subject showing the 

organised array (dimension: 25cmx17cm) containing 324 familiar shapes (*, <, + ), 108 targets and 236 distractors, 

equally distributed across the four quadrants, with 27 targets and 54 distractors each. Subjects will be asked to 

strike (signal) corresponding targets as fast as they can. Time limit: 180 seconds from start

Table 1. ZPCATs Toolkit Description

Table 2. ZPCATs Measures by Clinical Group. One-way ANOVA [Mean (SD), p value]

Healthy
(N=61)

Epilepsy
(N=21)

OCMC
(N=30)

p Comparisons^

Age (months) 129.2 (29.4) 142.3 (40.2) 139.8 (29.9) NS

CAT-C 

Knowledge (score 0-26) 19.50 (4.1) 15.0 (7.0) 18.2 (5.4) .0042 E vs H, p =.0004

Item Recall (score 0-3) 2.8 (1.5) 1.8 (0.6) 2.6 (1.0) .0008 E vs H, p =.001
E vs OCMC, p =.024

Command Execution
(score 0-3)

3.0 (0.2) 2.5 (0.8) 2.8 (0.4) .0002 E vs H, p =.000
E vs OCMC, p =.022

Body Parts Naming 
(score 0-5)

4.8 (0.5) 4.2 (0.6) 4.5 (0.8) .0032 E vs H, p =.006

Sentence Repetition 
(score 0-1)

0.9 (0.3) 0.9 (0.3) 0.9 (0.2) NS

SYMBOL 
CANCELLATION

Omissions 3.5 (8.3) 24.6 (32.5) 14.3 (18.7) .000 E vs H, p =.000
OCMC vs H, p =.035

Commissions 0.05 (0.3) 0.37 (1.0) 0.15 (0.8) NS

Time (max 180 seconds) 120.2 (34.2) 159.0 (31.4) 146.6 (35.6) .000 E vs H, p =.000
OCMC vs H, p =.010

Inefficiency 1.2 (0.5) 4.2 (8.0) 1.7 (0.9) .0064 E vs H, p =.006

WORDS

Immediate Recalls 6.2 (1.9) 5.2 (2.9) 6.0 (1.50) NS

Delayed Recalls 7.6 (2.3) 5.6 (3.8) 7.3 (2.1) .0128 E vs H, p =.013 

WAVES 

Peak & Throughs 
(score 0-10)

6.2 (0.8) 7.8 (3.1) 6.5 (1.1) .0018 E vs H, p =.002
E vs OCMC, p =.041

Z-Cuspes (score 0-10) 0.3 (0.8) 0.6 (1.5) 0.1 (0.4) NS

V-Cuspes (score 0-10) 0.2 (0.4) 0.6 (1.2) 0.4 (0.8) NS

% Decreased 
Extension

33.1 (22.1) 32.1 (29.2) 28.8 (26.8) NS

ANOVA = Analysis of Variance, CAT-C = Cognitive Assessment Tool for Children, E = Epilepsy 
Group, H = Healthy Group, N = Number of Participants, NS = Non Significant, OCMC = Other 
Chronic Medical Conditions Group, SD = Standard Deviation, ZPCATs = Zambia Paediatric 
Cognitive Assessment Tools.
Higher CAT-C and WORDS scores as well as lower WAVES and SYMBOL CANCELLATION 
scores indicate better performance. 
Omission: missed target; score range: 0-108. Commission: an erroneously signalled symbol 
(false positive); score range: 0-236. Inefficiency: the ratio of execution time (i.e., max 180 
seconds) to correct strikes (i.e., max 108).
(^) Test for Multiple Comparisons, Scheffe', p value.
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