
  
	

    
		
			
				Clinical Research
      

		

    

		 


    
		
			
				Comparison of a set of cognitive ability screening test for primary school-aged
children in Indonesia			

		

    

		
		
			
Meitha Togas,¹ Hartono Gunardi,¹ Rini Sekartini,¹ Sri Redatin Retno Pudjiati,² Eef Hogervorst³			

		

    

		
		 

		
		
		


    
		 

		

		 

    

		
		

			
				pISSN: 0853-1773 • eISSN: 2252-8083
			


			
https://doi.org/10.13181/mji.oa.203808			Med J Indones.
2020;392–8			


			 


			
				Received:
May 29, 2019			

			
				Accepted:
September 10, 2020			

			 


			Authors' affiliation:

			
				¹Department of Child Health, Faculty
				of Medicine, Universitas Indonesia,
				Cipto Mangunkusumo Hospital, Jakarta,
				Indonesia,

			
				²Faculty of Psychology,
				Universitas Indonesia, Depok, Indonesia,

			
				³School of Sport, Exercise and Health
				Sciences, Loughborough University,
				Loughborough, United Kingdom			

			 


			Corresponding author:

			
				Hartono Gunardi
			

			
				Department of Child Health, Faculty
				of Medicine, Universitas Indonesia,
				Cipto Mangunkusumo Hospital,		  

			
				Jalan
				Diponegoro No. 71, Central Jakarta
				10430, DKI Jakarta, Indonesia			

			
				Telp/Fax:
				+62-21-3160622
			 

			
				E-mail:
				hartono@ikafkui.net
				

		

    

    
		 

		

		 

    


		
		

      Background

      
				Monitoring children’s intellectual development is important to align
				their educational needs. This study compared nonverbal intelligence subtest of the
				cognitive test battery for individuals with or without intellectual disability (CIID) to
				measure visual logical reasoning, verbal intelligence subtest (verbal fluency [VF]–animal test)
				to assess vocabulary and semantic memory, and the modified Indonesian
				version of Hopkins verbal learning test (IHVLT) to assess learning ability and episodic
				memory, against the Wechsler intelligence scale for children (WISC) as an alternative
				cognitive screening tool in school-aged children.		  


       


      Methods

      
				A cross-sectional study was conducted in 145 grade 1–6 elementary school
				students in Jakarta between March and May 2017. Performance on the CIID subtest,
				VF, and modified IHVLT was assessed by a pediatrician, and the WISC test was
				performed by a psychologist. The associations between variables were evaluated
				using nonparametric Spearman’s rank correlations, regressions, and box plots.			


       


      Results

      
				The correlation between total intelligence quotient (IQ) WISC and CIID
				was 0.42 (p<0.001) and 0.34 (p<0.001) for both IHVLT and VF. Box plots suggested
				possible discriminative capacity of CIID but insufficient specificity. However, CIID
				was associated with stunting (height) and health (weight) independent of age, sex,
				father’s education, or income.			


       


      Conclusions

      
				The CIID subtest series, VF, and modified IHVLT correlated with total IQ
				WISC. However, CIID may be better to test predictors of poor cognitive performance in
				primary school-aged children than an IQ screening test.			
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				Assessment of cognitive ability early in life is
				important to establish the need for specialized
				support and pathways to promote optimal academic
				achievement. Low and borderline intelligence
				quotients (IQs) were reported in 88 (6.9%) of 1,284
				Indonesian school-aged children in 2013.¹ Prevalence
				of stunting, which is associated with poor cognitive
				function and development, was found in 30.8% of
				under-five Indonesian children.² Learning difficulties
				due to cognitive issues, thus, need to be established
				in Indonesian primary school-aged children to identify
				their risk factors including stunting and help optimize
				children’s education and future socioeconomic
				prospects.


			
				The most widely used cognitive measurement
				tool for children is the Wechsler intelligence scale for
				children (WISC).³ However, the WISC has limitations as
				it should be assessed by experienced psychologists.
				This can be an issue in developing countries, such
				as Indonesia, because there are limited numbers
				of pediatric psychologists, and they are unevenly
				distributed throughout the country. Moreover, the
				WISC takes approximately 45–60 min of examination
				time and is considered costly, in terms of purchase
				costs, time taken for children’s assessment, and time
				needed by a certified pediatric psychologist.4


			
				A cognitive screening test called the cognitive
				computerized test battery for individuals with
				intellectual disabilities (CCIID) was developed to allow
				cross-cultural assessment of intellectual ability without
				the need for qualified psychologists.5,6 The CCIID is
				based on the same principles as other nonverbal IQ
				tests, such as the Cattell culture fair, Snijders-Oomen
				nonverbal intelligence test-revised (SON-R), and
				Raven’s matrices. It correlated well with the Wechsler
				adult intelligence scale, and SON-R and was found to
				have excellent psychometric qualities. This test was
				then modified as a paper-and-pencil test to be used for
				individuals, both with or without intellectual disability,
				and was renamed as the cognitive test battery for
				individuals with and without intellectual disability
				(CIID).⁷ The CIID test is easier to apply, faster, and
				cheaper than the WISC and could be applied by non-psychologists,
				such as general practitioners, nurses,
				teachers, pediatricians, and researchers. We used one
				of the nonverbal logical reasoning subtests called
				series to explore the possibility of a CIID subtest as an
				alternative to screen Indonesian children’s cognitive
				development. We added verbal tests including verbal
				fluency (VF) intelligence subtest, which recalls names
				of different animals (language and semantic memory),
				and the modified Indonesian Hopkins verbal learning
				test (IHVLT), which assesses verbal episodic memory
				and learning ability. We hypothesized that these
				tests could be used alone or together as a preliminary
				screening test of cognitive problems before children
				are referred to a psychologist for more in-depth
				cognitive assessments. This study aimed to determine
				the correlations between the CIID subtest series, VF,
				and modified IHVLT with WISC subtests on healthy
				Indonesian children aged 6 to 12 years and to assess
				predictors of their cognitive performance including
				stunting and weight as indicators of health.						



			 

      
        METHODS

      


			
			 

			
				Study population and design

			
				A cross-sectional study was conducted in an
				elementary school of 03 Menteng in Central Jakarta
				between March 30 and May 4, 2017. The study included
				children from 6 to 12 years old who were enrolled in
				the school at the time of study. Children who had
				attention-deficit/hyperactivity disorder (ADHD),
				intellectual disability (including Down syndrome),
				congenital heart disease, and chronic diseases (such
				as severe asthma and thalassemia) were excluded
				by physical examination. Teachers and parents were
				informed about the study, and parents had signed
				informed consent before recruitment. All children
				and teachers consented to be included in the study.
				The study was approved by the Ethics Committee of
				the Faculty of Medicine, Universitas Indonesia, Cipto
				Mangunkusumo Hospital (No: 165/UN2.F1/ETIK/2017)
				before study onset.


			
				The estimated required sample size for this study
				was 144 subjects. A total of 24 subjects were recruited
				by random sampling for each grade (grades 1 to 6),
				except for grade 6 in which 25 subjects were recruited.
				Demographic (age, sex, parental education, and
				income) and anthropometric (weight and height using
				the same standardized instrument) data were collected
				from each subject. Board-certified psychologists
				from the Faculty of Psychology Universitas Indonesia
				performed the WISC tests separately. The children’s
				WISC IQ was classified based on the Wechsler
				intelligence classification as follows: intellectually
				disabled (IQ≤65), borderline (IQ 66–79), low average
				(IQ 80–90), average (IQ 91–110), high average (IQ 111–119), superior (IQ 120–127), and very superior (IQ≥128).⁸
				For analyses, the latter two groups were combined (see
				box plots) because of uneven sample distributions.


			
				The CIID, VF, and modified IHVLT were tested
				together in one visit by a pediatrician. The CIID battery
				test measures nonverbal logical reasoning, which
				could impact educational performance, and includes
				fluid inductive reasoning and visual processing using
				subtest series versions A, B, and C. Participants had to
				choose one of four options to complete a set of four
				transformation forms. The test contains 39 questions,
				and each has an increasing gradient of difficulty levels,
				resulting in a maximum total score of 39 points.⁷


			
				VF is a verbal IQ subtest and focuses on verbal
				semantic vocabulary and knowledge by asking
				participants to produce as many animal names as
				possible within a minute. One point was awarded for
				each animal named without repetition.7,9,10


			
				The IHVLT, which was translated and back
				translated from the original version,7,9,11,12 focused
				on verbal episodic memory and learning ability. A list
				of 12 words from three categories, including animals
				(e.g., lion, horse, and tiger), human shelter (e.g., tent
				and hotel), and semi-precious stones (e.g., pearl and
				sapphire), was read out to participants. After recall, this
				list was repeated two more times. After the examiner
				finished reading out the list, participants were asked
				to recall the words including those mentioned at
				the earlier trials in any order. The maximum total
				immediate recall score possible is 36 points.7,9,11,12 The
				total verbal memory score (VS) was calculated as IHVLT
				total immediate recall plus the number of VF animals
				named correctly.


				 

				
					Data analysis

				
				The data were processed using the SPSS software
				version 20 (IBM Corp., USA). The relationship between
				the CIID Series, VF, modified IHVLT, and WISC tests
				was evaluated using Spearman’s rank correlations and
				linear regression analyses to establish the mediation
				of demographic and health indicator variables on
				cognitive ability using stepwise backward analyses.
				None of the distributions were skewed, and all tests
				approached normal bell-shaped curves. Interpretation
				of the correlation coefficient (r) was based on the study
				of de Vaus¹³ where p<0.05 was regarded as significant:
				0.00 no (linear) association, 0.01–0.09 trivial (linear)
				relationship, 0.10–0.29 low to moderate (linear)
				relationship, 0.30–0.49 moderate to substantial (linear)
				relationship, 0.50–0.69 substantial to very strong
				(linear) relationship, 0.70–0.89 very strong (linear)
				relationship, and 0.90+ near perfect.						



       

      
        RESULTS

      


			
			 

			
				The study included 145 students from an
				elementary school in 03 Menteng, Central Jakarta
				(Table 1). Almost half of the children were boys
				(66/145, 45.5%), with an average age of 9.7 (1.7) years.


				
				 

				
					
						
							Table 1.
						
						
							Distribution of subjects by subject characteristics
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				The time to test the CIID, VF, and IHVLT ranged
				from 12 to 15 min. The mean score of the nonverbal
				CIID was 21.03 (5.79) (range 8–34), IHVLT 20.28 (5.96)
				(range 0–35), VF 16.66 (5.03) (range 6–29), and VS
				combined 37.01 (9.83) (range 16–64).


			
				The average WISC test time was 60 min. The mean
				value of WISC nonverbal IQ performance was 101.82
				(10.99) (range 79–138), WISC verbal IQ 108.28 (11.51)
				(range 80–142), and total IQ 105.72 (10.33) (range
				83–141). Of 145 subjects, 99 (68.3%) had an average IQ
				classification as defined by WISC scores (Table 2).


				
				 

				
					
						
							Table 2.
						
						
							Characteristics of WISC subtests
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				Spearman’s rank correlation analysis was used to
				analyze the correlation between CIID and WISC scores.
				The correlation was 0.42 (p<0.001) between total IQ
				WISC and CIID and 0.34 (p<0.001) for both IHVLT and
				VF. Combining all tests (CIID + VF + IHVLT) rendered only
				a marginally higher correlation of 0.45 with total WISC
				IQ scores (p<0.001). The correlation of nonverbal CIID
				and performance IQ WISC score was 0.35 (p<0.001),
				with the regression formula Y = 87.75 + 0.67X (Y = WISC
				and X = nonverbal CIID; Figure 1). The correlation of
				VF and IHVLT combined and verbal IQ WISC score was
				0.41 (p<0.001), with the regression formula Y = 90.56 +
				0.48X (Y = WISC and X = verbal CIID; Figure 2).
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							Figure 1.
						
						
							Correlation between nonverbal cognitive test
							battery for individuals with or without intellectual disability
							(CIID) score and performance intelligence quotient (IQ)
							Wechsler intelligence scale for children (WISC) (n = 145)						
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							Figure 2.
						
						
							Correlation between verbal fluency (VF) and
							modified Indonesian Hopkins verbal learning test (IHVLT)
							combined, and verbal intelligence quotient (IQ) Wechsler
							intelligence scale for children (WISC) (n = 145)						
					

				

				 

				

			
				Correlational analyses (Table 3) were used to
				assess relations between CIID series and IHVLT/VF and
				indicated that these were highly correlated with each
				other (0.48–0.59). The CIID series was significantly
				associated (p<0.01) not only with WISC subtests, such as
				the visuospatial block design (0.41) and object assembly
				(0.26) tests, but also with the verbal information
				(0.36) and Similarities (0.23) subtests. The IHVLT was
				also associated with the WISC Information (0.37) and
				similarities (0.25), but additionally with the verbal
				comprehension (0.19) and digit span (0.18) subtests. The
				IHVLT was also associated with the block design (0.20)
				subtest, possibly capturing its planning aspect. The VF
				was also associated with WISC information (0.37) and
				comprehension (0.32), and additionally with the coding
				(0.25) and block design (0.17) subtests. Arithmetic
				showed trends with all cognitive tests, but picture
				completion and arrangement were not significantly
				associated with any cognitive test.


				
				 

				
					
						
							Table 3.
						
						
							Classification of WISC total IQ estimated based on
							total CIID score						
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				Combining WISC IQ categories (“superior” and
				“very superior”) and comparing these WISC categories
				against CIID performance (Figure 3) suggested a
				reasonable indication of superior (>20 cut-off of CIID
				score) and very low IQ performance (<20), warranting
				further testing. However, specificity was low, with
				much overlap of scores in the middle categories.
				From the value of r = 0.45, we obtained a determinant
				coefficient of 20.4%, which means that only 20.4% of
				CIID scores predicted total IQ WISC scores. This may
				be because the CIID was not age adjusted, where the
				WISC was derived from age-adjusted scores. We did
				not have sufficient numbers of children to calculate
				age-adjusted scores in this study.
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							Figure 3.
						
						
							Comparison between combined Wechsler
							intelligence scale for children (WISC) intelligence quotient
							(IQ) categories against cognitive test battery for individuals
							with or without intellectual disability (CIID) performance						
					

				

				 

				


			
				Stepwise backward linear regression analyses
				showed that the CIID raw scores were associated with
				age at testing (β = 0.23, p<0.05) and children’s sex
				(β = −0.14, p = 0.04, where especially younger boys
				outperformed girls overall, a difference that reduced
				with age). Educational level (class) had been excluded
				from analyses because of its high collinearity with
				age. The WISC total IQ scores were only associated
				with father’s education (β = 0.30, p<0.001; mother’s
				education had been excluded because of high
				collinearity with father’s education), and verbal IQ and
				performance IQ showed similar models. The IHVLT
				and VF were only associated with age of the child
				tested (β = 0.65, p = 0.001; β = 0.57, p<0.001), with
				high collinearity for weight and height, which were not
				entered in the model. The raw CIID scores in regression
				analyses were additionally (independently from age
				and sex) significantly associated with height (β = 0.57,
				p = 0.001, with taller children having better performance)
				and weight (β = −0.28, p = 0.02, with heavier children
				having slightly lower scores, but where curvilinear
				or cubic modeling would possibly have provided a
				better fit). There was only an independent trend for
				father’s education (β = 0.13, p = 0.06) to contribute to
				performance on the CIID. This model explained 39%
				of the variance (adjusted R squared). Combining CIID,
				IHVLT, and VF explained 55% of the variance with sex
				excluded and father’s education now contributing to
				analyses. When IQ was added, the model explained
				70% of the variance. In post-hoc analyses, performance
				was also independent of parental income, which was
				not entered in the model, but showed collinearity with
				father’s education.				



			 

      
        DISCUSSION

      


			
			 

			
				We found that the CIID subtest series could be used
				to provide an indication of risk predictors of children’s
				cognitive ability, such as height and weight. As an IQ
				screening test, it is probably less suited because of
				low specificity. The CIID, a modified paper and pencil-based
				test for individuals with or without intellectual
				disabilities, is a simplified version of the CCIID test.5,6
				This study recruited normal and healthy school
				children. ADHD children were excluded as the disorder
				can affect their cognitive ability,¹⁴ similar to children
				with congenital heart disease,15,16 down syndrome,¹⁷
				anemia,18,19 severe asthma,²⁰ and thalassemia.²¹
				Children with other intellectual disabilities were also
				excluded because this study aimed to assess non-ID
				primary school children’s performance for a normative
				assessment. As the CIID was specifically developed for
				this lower end of the IQ spectrum, its performance
				would probably be more discriminative if these children
				had been included.


			
				Based on this study, the CIID subtest series
				could be used as a screening method for predicting a
				child’s cognitive ability based on weight and height as
				indicators of health and stunted growth. Very high or
				low CIID scores (cut-off score 20) could identify when
				a child may need additional support or is exceptionally
				talented. However, such scores should then be
				followed up by a full WISC assessment as its specificity
				as an IQ screening test was inadequate.


			
				In our subjects, VF scores ranged from 6 to 29,
				with a mean of 16.66 (5.03). This VF result was lower
				than another study involving 294 school-aged children
				aged 6–16 years in the Netherlands, which reported a
				mean of 18.76 (6.09).¹⁰ The lower mean VF scores in
				our subjects could be due to socioeconomic or crosscultural
				differences. In this study, the mean value of
				WISC nonverbal IQ performance was 101.82 (10.99)
				(range 79–138), WISC verbal IQ 108.28 (11.51) (range
				80–142), and total IQ 105.72 (10.33) (range 83–141).
				The WISC performance IQ, verbal IQ, and total IQ in
				this study were higher than the WISC performance
				IQ, verbal IQ, and total IQ of school-aged children in a
				rural area in North Sumatra province, which were 81.08
				(14.58), 88.10 (14.20), and 83.80 (13.14), respectively.
				These discrepancies might be due to the different
				socioeconomic status or cross-cultural differences
				(Sumatra’s population is mainly Minangkabau,
				whereas our cohort consisted mainly of Javanese and
				Sundanese children). Excluding children with anemia,
				which was not done in Sumatra, could also possibly
				explain differences in scores.²²


			
				The subtest series from the CIID mainly focuses on
				nonverbal fluid reasoning ability and visual processing,
				which improve with age.⁷ Inductive and deductive
				reasoning are generally considered the hallmark of fluid
				intelligence. Visualization is a part of visual processing
				that involves the ability to generate, maintain, retrieve,
				and alter a well-structured visual image.²³⁻²⁵ As such,
				this CIID subtest only examined parts of the children’s
				intelligence compared with the WISC, which examines
				multiple cognitive abilities, including both fluid and
				crystalized intelligence.⁸ However, the advantage like
				other tests of its kind (Cattell culture fair and Raven’s
				matrices) is that the CIID subtest series is nonverbal
				and, therefore, more cross culturally applicable.


			
				This study had several methodological limitations.
				First, we only used the pencil and paper test of the
				CIID subtest series but not the other subtests. A pencil
				and paper test is easy, fast to apply, and suitable for
				screening in daily practice, but using a computer or full
				battery may have improved correlations with WISC IQ
				scores. Second, the tests were not performed in the
				ideal quiet room without distraction, but in the library
				and school health room. Nevertheless, this drawback
				might increase its applicability in real-life situations.
				Despite the limitations, the study had several strengths.
				To our knowledge, this research was the first study to
				determine the correlation between CIID series, VF,
				IHVLT, and WISC in primary school-aged children in
				Indonesia. Moreover, the CIID series, VF, and IHVLT
				test were easy and cheap and could be done by a non-psychologist
				tester or clinician within a short time,
				requiring only 10–15 min. Using the CIID, but not WISC,
				may also allow identification of stunting as a predictor
				of poor cognitive function. In a large longitudinal study
				of over 1,500 children in different lower middle income
				countries, early stunting of growth was associated with
				poor cognitive performance at the age of 5 years.²⁶ The
				negative or curvilinear/cubic associations of weight
				(or body mass index) should be further explored.
				These associations with stunting and health were
				independent of the father’s education and income.
				The CIID could be combined with the HVLT and VF to
				explain more of the variance in models. Interestingly,
				the CCIDD and HVLT tests were individually identified as
				markers for later life dementia risk, even in individuals
				with learning disability,²⁷ and were shown to be
				modifiable by lifestyle interventions, such as exercise.²⁸
				An earlier work suggested that poor cognitive function
				in childhood is associated with increased dementia
				risk in later life, but we found instable performance
				on traditional IQ tests over children’s development in
				Guatemala.²⁹ Further research is needed to establish
				risk and protective factors associated with better
				performance on the CIID in children.


			
				In conclusion, this study showed a moderate
				correlation between CIID series, VF, and IHVLT test
				with the WISC. Given the box plot data, the CIID
				subtest could be used to estimate a child’s visual logical
				reasoning, although it requires further testing to
				develop age-appropriate norms. In addition, regression
				analyses suggested that the CCIID subtest could be
				used by itself to identify risk factors, like stunting
				associated with poor cognitive development and
				later life dementia risk. Its nonverbal element makes
				it possible to test children with hearing disability and
				different cultural backgrounds and languages, which
				is important in Indonesia with inhabitants of many
				different ethnicities. A large-scale study using the CIID
				test will be required in the future to assess its accuracy
				and usefulness in rural regions.						
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Subject characteristics n (%) (N = 145)

Male sex 66 (45.5)
Grade
1 24 (16.6)
2 24 (16.6)
3 24 (16.6)
4 24 (16.6)
5 24 (16.6)
6 25 (17.0)
Nutritional status
Obese 55 (37.9)
Overweight 22 (15.2)
Normal 50 (34.5)
Underweight 18 (12.4)
Father’s education
Low 6(4.1)
Middle 64 (44.1)
High 75 (51.8)
Mother’s education
Low 8(5.5)
Middle 74 (51.0)
High 63 (43.5)
Parental income
Low 42 (29.0)
Enough 103 (71.0)
1Q classification (WISC)
Low average 8 (5.5)
Average 99 (68.3)
High average 24 (16.5)
Superior 10 (6.9)
Very superior 4(2.8)

IQ=intelligence quotient; WISC=Wechsler intelligence scale for
children
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Mean (SD) Range
Information 11.58 (3.061) 1-20
Comprehension 11.08 (3.392) 2-20
Arithmetic 11.73 (2.863) 5-20
Similarities 12.70 (2.672) 5-18
Digit span 9.41 (2.504) 4-15
1Q verbal 108.28 (11.512) 80-142
Picture completion 8.74 (2.327) 4-15
Picture arrangement 9.84 (2.608) 5-15
Block design 11.88 (2.958) 6-20
Object assembly 8.21(2.729) 2-16
Coding 12.65 (2.626) 6-20
1Q performance 101.82 (10.991) 79-138
1Q total 105.72 (10.330) 83-141

WISC=Wechsler intelligence

scale for children;

deviation; IQ=intelligence quotient

SD=standard
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<10 on CIID indicates a very high likelihood of low WISC IQ
<15-20 indicates a high likelihood of low WISC IQ

>20 indicates high likelihood of average to high WISC 1Q
>25 very high likelihood of high WISC 1Q

WISC=Wechsler intelligence scale for children; I1Q=intelligence
quotient; ClID=cognitive test battery for individuals with or without
intellectual disability





