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SUMMARY
Indonesia lacks standardized and adapted neuropsychological tests,
which hampers their use in clinical practice. Recently, an Indonesian
Neuropsychological Consortium has initiated the adaptation of ten
internationally commonly used tests for use in Indonesia. Here, we
report the analyses of the psychometric properties, including pre-
liminary normative data, the reliability, the underlying cognitive con-
structs, and the effects of age and education on these constructs
as validity indicators.
Four hundred ninety healthy adults living on Java Island participated
in this study. All subjects completed the Indonesian Neuropsycho-
logical Test Battery (INTB) for diagnosis of various cognitive func-
tions. The test-retest reliability was determined in a parallel study
with fifty participants.
Underlying cognitive constructs were assessed with Principal Com-
ponent Analysis (PCA) revealed seven constructs that accounted
for 62.84% of the total variance, and the goodness of fit of the
model was good. ANOVA’s showed significant effects of age on six
constructs (i.e., speed of visuospatial information processing, au-
ditory short-term and working memory, speed and inhibitory control,
and verbal learning ability). Age effects were not found for execu-
tive internal language. All constructs showed effects of education,
except for recall and verbal learning ability.
Interestingly, as expected, not all constructs showed the same age-
dependent decline, and if present, all seem to be unique. It is con-
cluded that the psychometric properties of the INTB justify their
usage for the Indonesian population.

Key words: Cognitive construct, Indonesian Neuropsychology Test
Battery, Psychometric, age-effect, education-effect
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INTRODUCTION
A neuropsychological test is a tool that assesses a person’s specific cognitive

abilities (Elkana et al., 2015; Kessels & Hendriks, 2021; Lezak, Howieson, Bigler,

&Tranel,  2012). With rapid modern technologies in brain imaging, neuropsycho-

logical tests (NPTs) are imperative to establish disturbances in any specific cog-

nitive function domains. NPTs are ideally suited to establish or complement cog nitive

diagnostics (Zillmer, Spiers & Culbertson, 2008). Assessment using NPTs also can

be used to illustrate the strength and weaknesses of an individual’s cognitive pat-

terns by comparing his/her score with scores from healthy subjects with similar de-

mographic characteristics, called normative scores (Zucchella et al., 2018). 

Representative normative scores must be recently collected, preferably lo-

cally, and based on a sufficient number of healthy subjects (Bridges & Holler,

2007). Locally also implies representing a cross-section of the society regarding

demographic characteristics. This is important since age and education factors

are two robust characteristics that may affect a client’s cognitive functioning

(Elkana et al., 2015; Lövdén, Fratiglioni, Glymour, Lindenberger, & Tucker-Drob,

2020; Ktaiche, Fares & Abou-abbas, 2021).Consequently, normative scores for

most cognitive tests are corrected for age and level of education, while the need

to correct sex effects is less universal and test-specific (Kern et al., 2008). These

corrected scores make sure that a client score can be compared with those of 

a reference group, mimicking the client ‘s demographics as closely as possible.

Each population may have its distinctive cognitive patterns. 

Indonesia is an archipelago with a unique culture and a large diverse popu-

lation (Ananta, Arifin, Sairi, Handayani, & Pramono, 2015), and adapted tests

and normative scores for most of the cognitive tests are lacking. This is also the

case for the Wechsler Adult Intelligence Scale-IV, that has been adapted in 2014

(Suwartono, Halim, Hidajat, Hendriks, & Kessels, 2014). An Indonesian Neuropsy-

chological Consortium started by developing an Indonesian Neuropsychological

Tests Battery (INTB) including collecting normative data on Java Island. The

availability of recently collected data in Indonesia is relevant for both experimen-

tal and clinical settings. The choice of the ten tests in the INTB is based on their

clinical utility and the coverage of relevant cognitive domains, such as various

executive functions, reception and production of language, various types of learn-

ing and memory, both verbal and visuospatial, and attention and concentration.  

Occasionally, subtests from one NPT can reflect more than one cognitive do-

main (Bialystok, Craik, Binns, Ossher, & Freedman, 2014; Mengual-Macenlle, Mar-

cos, Golpe, & Gonzales-Rivas, 2015; Santos et al., 2015; Tucha,Aschenbrenner,

Koerts, & Lange 2012; Nielsen et al., 2018). Previous studies grouped NPTs vari-

ables to reveal a specific domain (Chapman et al., 2011; Siedlecki, Honig, & Stern,

2008). For illustration, the construct validity of the Montreal Cognitive Assess-

ment battery, some variables of different tests measure the same cognitive con-

struct (Vogel, Banks, Cummings, & Miller, 2015). Many methods can be used to

explore the underlying cognitive constructs of a series of tests. One of them is

446

Wahyuningrum et al., The Indonesian Neuropsychological Test Battery (INTB)

57



Principal Component Analysis (PCA). PCA is data-driven and based solely on

analysing the data itself, without having to make any assumptions about the un-

derlying mechanisms. It may reduce high-dimensional data sets to a small num-

ber of modes or constructs. The constructs depend on the dataset (Santos et

al., 2015).Therefore, they will be specifically meant for interpretation and mainly

restricted to the population being studied (Chapmanet al., 2011a; Fong, van Pat-

ten, & Fucetola, 2019).

Previous studies employing PCA have shown that clinically significant cogni-

tive constructs are related to particular aspects of cognitive functioning in pa-

tients. For example, patients who are diagnosed with various cognitive deficits

such as language impairment (Fong et al., 2019), in neurological diseases like

Alzheimer’s (Chapman, et al., 2011b), in patients with traumatic brain injury

(Ravdin & Katzen, 2013) and in a relatively large sample of an outpatient neu-

rology clinic specializing in neurodegenerative diseases (Vogel et al., 2015).

These constructs may vary across the life span since normal aging contributes

to cognitive decline. However, the consistency of the declining pattern of cogni-

tive abilities has not yet been confirmed in the Indonesian context. The decline

is relevant since the trend of aging has increased significantly globally. Indonesia

is predicted to have more than 70 million inhabitants aged 60 or older and over

10 million aged 80 or older in 2050 (Adioetomo & Mujahid, 2014). Earlier studies

outside Indonesia showed that some domains related to aging, such as processing

speed, attention, memory, and executive functioning might decrease with age

(Friedman, Miyake, Young, DeFries, Corley, & Hewitt, 2008). At the same time,

language functions and visuospatial abilities/construction remain relatively stable

(Cohen, Marsiske, & Smith, 2019; Glisky, 2007; Peña-Casanova et al., 2009).

Establishing age-related changes also assists in diagnosing various types of

pathological declines. Next, the level of education is a significant determinant of

cognitive performance, and its effects on the constructs will be explored as well. 

This study has three aims: first, to present preliminary normative data on the

tests of the INTB and investigate some psychometric properties of the tests in

the battery,  including the test-retest reliabilities. Secondly, to investigate the un-

derlying cognitive factor structure of the INTB for a healthy population. The third

aim is to investigate the effects of age and education on the underlying cognitive

constructs, as measured with the INTB. Next is to contribute to the validity of the

battery and investigate whether the aging process influences the cognitive con-

structs.

METHOD

Participants

Four hundred and ninety participants were recruited from three different cities

in Java (West Indonesia) to collect normative data and investigate the underlying

cognitive factors in the data set. The data were collected in collaboration with two
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universities as consortium members (Wahyuningrum, van Luijtelaar, & Sulastri,

2021). Exclusion criteria were age less than 16 years and self-reported history

of any developmental or acquired brain injury or brain-related diseases. All par-

ticipants had been informed of their privacy rights and knew that their data would

be used for scientific purposes. The ethical issue compliance was in line with the

WMA Declaration of Helsinki and approved by the local ethics committee of

Soegijapranata Catholic University. The participants received seventy-five thou-

sand rupiahs (equal to five US dollars) after finishing series of tests. 

The demographic information of the participants is presented in Table 1. Par-

ticipants were categorized into six age categories by decades, except for the first

and last category. The level of education consisted of four categories, according

to the Indonesian educational system: zero to nine years (n = 49), ten to twelve

years (n = 153), thirteen to fifteen years (n = 267), and over seventeen years (n

= 21). The number of participants from the three cities was: Jakarta (n = 192), Se-

marang (n = 197), and Surabaya (n = 101). Fifty additional participants, 26 females

and 24 males, were recruited to investigate the test-retest reliability. The mean

age of these latter participants  was 37.46 years (SD = 11.93, min = 21, max =

64), and the mean score of years of education was  16.70 years (SD = 2.70, min

= 9, max = 22).

Measurement and Assessment 

The INTB consists often paper and pencil-based tests conducted using the

official Indonesian language, “Bahasa Indonesia”. All participants can speak and

read Bahasa Indonesia at least at a primary school level. Participants were allotted

approximately two hours to complete the series of the ten tests. The tests are pre-

sented in the same order and highly standardized for all participants. Trained re-

search assistants were students in the final year of their psychology study, called

the tester of the INTB. All ten tests were administered and scored according to

standard instructions.These tests were presented in the following order:

Digit Span Test (DS). The Lezak et al. (2004) version was used. The participant

was asked to repeat increasing spans of digits in the right order as instructed by

the tester (Lamar, Swenson, Penney, Hospital, & Libon, 2018). The dependent

variables are the correct number of correct recall of the digits in the forward,

backward, and sequence conditions. The DS was used to measure working memory

for auditory stimuli.
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Rey Auditory-Verbal Learning Test was adapted from RAVLT. The test mea-

sures verbal episodic memory, learning over trials, and short- and long-term re-

call (after 20 minutes delay) (Strauss & Spreen, 1991). There were seven trials

in two parts: part one was the learning and memorizing condition of 15 words

nouns (list A) presented five times (A1-A5), followed by a distraction in the form

of the presentation of 15 different words (list B). In part two, subjects were asked

to recall the 15 words from list A (A6), and after a 20-minute delay, they were

asked once more to recall list A (A7). Four variables were used: first, the mean

score of trial 1 to trial 5. Second, a learning score over the five trials (LOT). This

was calculated by dividing the difference in the scores between trial five and trial

one by five. The third variable (A6) is short-term retention (STPR), expressed as

the percentage of recalled items of A5. The last variable is long-term retention

(LTPR); this delayed recall score was expressed as a percentage of A5 as well.

The test was adapted for Indonesia by the replacement of the majority of the

words with more familiar ones to Indonesian people. We translated and adapted

the words of the RAVLT created by Geffen et al. (1994) using direct translation

from English, and some words were chosen by their closest meaning rather than

the number of syllables/pronunciations/ phonemes of the words and also by the

familiarity of the terms for Indonesians (Utami et al., 2022).  

The long version of the Boston Naming Test (BNT) originated from Kaplan et

al. 2001 and was adapted for Indonesia by Sulastri et al. (2019). This test, mea-

suring verbal naming ability, consists of 60 black and white drawings of objects.

Participants are asked to name the objects within 20 seconds. If they fail, a phone-

mic and semantic cue is given, respectively. Both the total number of correct

items and the total time to complete the test are the most commonly used de-

pendent variables.

Ruff’s Five Point Test (FP) is an executive function test. A participant is in-

structed to connect two or more dots with straight lines to create a unique design.

The time is limited to 3 minutes. The goal score is the total number of unique

designs created by the participant, as well as the number of perseveration errors

(the number of repeated designs).

The Trail Making Test (TMT) (Reitan & Wolfson, 1955) is used to measure

executive functioning and divided attention. TMT is divided into two parts, part A

and part B, and both measure the time spent completing the test. In part A, the

participant draws a line connecting circles within numbers 1-25. Furthermore, in

part B, the participant must connect two sets of stimuli (number and letter) in an

alternating sequence. The dependent variables were both time consumption of

part A and part B.

The Verbal Fluency test (VF) evaluates the spontaneous production of words

under restricted search conditions (Strauss & Spreen, 1991), and the phonemic

version that has been used in this study is also considered as an executive func-

tion test. In this test, the participants have to produce words of three phonemic

categories. For each category, the subject is given 60 seconds. Participants are
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asked to produce as many words that begin with the letter K, second with the

letter S, and third with the letter T. The constraints are not to mention a name of

a person or place. The number of the correct words for each phonemic category

was used as the dependent variable, as well as the sum of the three categories.

The test was adapted for Indonesia, and the choice of the three letters was based

on Hendrawan and Hatta (2010).

The Stroop Colour Word Test (S), based on Stroop (1935), is the coloured-

word interference version and measures the inhibition of an overlearned re-

sponse, the sensitivity to interference, and mental flexibility. It is considered to

be an executive function test. The procedure consists of three conditions. In the

first condition, when presented with the first sheet or card, the participant is in-

structed to name colour patches. When the second card is presented, the par-

ticipant is asked to read words that denote colours printed in black ink. Card 3

shows colour names printed in a different colour, and the participants are asked

to name the ink colour in which colour names are printed (card 3) (Strauss &

Spreen, 1991).

The Figural Reproduction (FR) test was based on and adapted from the Visual

Reproduction test (de Brito-Marques, Cabral-Filho, & Miranda, 2012). The test

consists of three geometrical pictures. This test measures the skills of short-term

visual-spatial memory and reproduction of visual stimuli. Total score (correct re-

produced items) and total time to finish the test were used as dependent variables.

The Bourdon Wiersma test (BW) measures concentration and sustained at-

tention. The test consists of 50 lines for each with 25 groups of dots with a vary-

ing (three to five) number. Participants were instructed to mark the group with

four dots. The dependent variables were the (mean) time to finish the rows and

the number of errors (both misses and false positives).

The Token Test (T) originates from De Renzi and Vignolo (1962). A language

comprehension test assesses comprehension of verbal commands of increasing

complexity (Strauss & Spreen, 1991). The participant needs to follow the instruc-

tion given by the tester correctly. The Token test’s material consists of 20 circles

and squares with four different colours. As a dependent variable, we used the

number of error items. 

Statistical Analysis

The reliability of the tests was determined in three different ways. First, by

using a test-retest method (n = 50), with an interval of seven to fourteen days.

The first and second test administration were correlated (Pearson’s correlation
coefficient) and compared using Student’s t-test for dependent groups. Next, the

Intraclass Correlation Coefficient (ICC) and Standard Error of Measurement
(SEM) were used as reliability coefficients. ICC was used to measure the internal

consistency reliability or discrepancy between subjects, and SEM was defined

as the determination of the amount of variation or spread in the measurement

errors for a test and is subsequently an indicator of the reliability of a test  (Geer-

inck, Alekn, Beaudart, Bautmans, Cooper, De Souza Orlandi, 2019). Low levels
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of SEM (close to 0) indicate high levels of score accuracy, and high level of SEM

(close to the SD of the observed score) indicates low levels of score accuracy.

SEM for test and retest was calculated by the difference of standard deviation

between the scores of the two assessments divided by the square root of 2

(Geerinck et al., 2019; Palta et al., 2011). ICC values were interpreted as ‘excel-

lent’ when > 0.90, as ‘good’  between 0.75-0.90, as “moderate“ between 0.50

and 0.75 and ‘poor’ when < 0.50 (Koo & Li, 2016).  

Both data sets (n = 490 and n = 50) were checked upon impossible scores

and coding errors. Both errors were traced by scatter plots of each variable and

by checking the minimum and maximum scores. Outliers regarding poor perfor-

mance were identified with the 3-times standard deviation (SD) rule (Hermens

et al., 2013). Among 490 participants we identified 0.2% (64 cells) with data more

than 3-times the SD and replaced it with a mean score corresponding to scores

of those with a similar age and education level.  

Preliminary normative scores are presented using mean, standard deviation,

median, and percentile scores of twenty-four variables of the ten NPTs. All INTB

variables were standardized to z-scores (with a mean of zero and an SD of 1)

as our dataset for factor analysis. Furthermore, eleven variables representing

error scores or time to complete the test were reversed by multiplying the z-score

value by minus one.

All dependent test variables were chosen considering the often studied and

used in clinical practice, cognitive domains of executive function, learning and

memory (both verbal and visuospatial), language (both production and compre-

hension), and various attention tasks measuring both speed and accuracy. The

underlying cognitive constructs of the INTB were examined using a PCA with or-
thogonal rotation (varimax). Before conducting the PCA, three assumptions were

tested: the Kaiser-Meyer-Olkin (KMO) test as a measure of sampling adequacy,

Bartlett’s test of sphericity to demonstrate the viability of the analysis, and the
communality reflecting the shared variance among the included variables (it

should be higher than 0.30). Bartlett’s method to reveal unbiased scores was

chosen to calculate factor scores, next the rotation using the Orthogonal method.

Decision regarding the number of factors included in the model were Eigenvalues

higher than one, the amount of variance accounted for, as well as the inter-

pretability of the constructs. JASP (an open-source program for statistical analy -

sis supported by the University of Amsterdam, https://jasp-stats.org/) was used

to conduct confirmatory factor analysis on the chosen model obtained with PCA. 

Finally, a two-factor Multivariate Analysis of Variance (MANOVA) followed one

factor ANOVA’s and Bonferroni post-hoc testswere employed to investigate the

effect of age and education as between-subject factors on the underlying cogni-

tive constructs. Considering the age groups’ education differences as shown in

Table 1 and the age differences between the education groups (data not pre-

sented) we used ANCOVA’s to control for these factors in the post-hocone factor

ANOVA’s. The post-hoc tests were aimed to establish both global differences

between age groups (global decline) as well as significant declines between two
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neighbouring age categories, namely a fast decline. The latter is indicative of rather

large declines between adjacent age groups. The mean and the standard error
of each age and education category for each cognitive construct or factor are

presented in Figure 1. In addition, the orthogonal polynomial contrasts were used

to describe the age-dependent changes for each of the cognitive constructs,

more precisely, whether a significant amount of variance could be explained by

linear, quadratic, or cubic trends. As a rule of thumb, to determine the effect size,

we used eta squared (η2), a value of < 0.06 is a small effect, between 0.06 and

0.14 is a medium-size effect, and > 0.14 is a large effect (Cohen, 1988).

RESULTS

Preliminary Normative Score

The preliminary normative scores for Indonesian peopleliving in urban parts

of Java for INTB tests are shown in Table 2. The table gives the mean, standard

deviation, median, minimum, maximum, and 5 and 95 percentile scores. 

Reliability measures

Performance at the individual level of the ten tests in the two trials and relia-

bility coefficients are presented using ICC, SEM, and Pearson correlation ‘r’ in

Table 3.

Nine tests showed moderate to excellent reliability on the ICC index (0.60-

0.91). However, it was poor for three of the four RAVLT variables learning over

trials, short-term percent retention, and long-term percent retention (under 0.25).

Only the mean performance  A1-A5 (0.87) showed excellent reliability, which

confirms the outcomes of a previous study (de Sousa Magalhaes, Malloy-Diniz,

& Hamdan, 2012). We used the same version of the RAVLT to determine the

test-retest reliability, others used a parallel version. Therefore, learning over trials

and both recall scores were affected by the performance one or two weeks ear-

lier. Table 3 also shows the SEM indices for all variables. All the SEM values in-

dicate lower values than the standard deviation of the experimental test. The

variables that measured “time” seemed slightly higher, but all of them were below

their standard deviation.

Pearson correlation, conducted to explore the correlation between scores in

assessments one and two, presented in Table 3, shows moderate to strong cor-

relations for all 22 variables used. Only the scores of three variables on the

RAVLT test have no high correlation between the two tests. 

The differences showed a significant improvement for all variables of the TMT

and BNT. While other significantly different between test and retest emerged in

variables RAVLT (Mean A1-A5 (t(49) = 11.46), STPR (t(49) = 2.45), LTPR (t(49) =

2.36), FR score (t(49) = 2.72), FPT Unique number (t(49) = 5.05), the total errors

of Bourdon-Wiersma (t(49) = 3.89),  Stroop time card 3 (t(49) = 3.65), VFT K

(t(49) = 2.26) and S (t(49) = 3.12).
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Factor Loadings and Their Interpretations 

Bartlett’s test showed a significant result (c2 = 4228.20; p < .001), and the KMO
test was meritorious (KMO = .83) (Beavers et al., 2013), indicating the sampling

is adequate, and factors were reliable to use. The communalities for PCA re-

tained were above .30. PCA using the 24 variables indicated that a seven-factor

solution accounted for 62.83% of the total variance. The factor loadings are pre-

sented in Table 4. Only variables with factor loadings above .30 were considered

and included in the interpretation of a construct, as is commonly done. 
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Confirmatory factor analysis was used to establish the goodness of fit of our

seven factors model with parameters of c2 (129, N = 490) = 225.637, p < .001;

RMSEA = 0.040; TLI = 0.947 indicating that the seven-factor model fitted the

data rather well. 

Cognitive factor one comprises five variables: two variables from the TMT test

(both times to complete the TMT A and TMT B) and three from two other tests

(Five Point and Bourdon Wiersma). All variables in which time to complete the

tests was the dependent variable. The last variable that loaded high on this factor

was the number of unique designed figures from the Ruff’s Five Point (FP) test.
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The TMT and FP are executive function tests, while the Bourdon Wiersma mea-

sures sustained attention. In all three tests, visual-spatial information is pre-

sented, and speed is relevant (also, in the FP test, the number of correct items

within three minutes is crucial). Therefore, cognitive factor one is thought torep-

resent the speed of visuospatial information processing and planning.

All variables from the DS test loaded exclusively on a single factor with factor

loadings ranging between 0.65 to 0.82, also TMT time B (.333), errors of Token

test (.395), and RAVLT mean A1-A5 (.482) loaded on this construct. The score

of DS forward is generally interpreted as a short-term auditory memory buffer or

the phonological loop as part of Baddeley’s working memory model and relies
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on attention. The backward and sequence scores are considered and interpreted

as the result of the phonological and the central executive parts of Baddeley’s

working memory model to manipulate the digits from back to forth. The errors of

the Token test, TMT time B, and RAVLT mean A1-A5 might also contain attention

and working memory component. Cognitive factor two revealed the cognitive

ability of attention, auditory short-term, and working memory. 

The third factor comprised all three variables from the phonemic VF. VF vari-

ables loaded in one group is not surprising considering the high correlation of

the scores on its three subscales, as established earlier in a smaller sample of

Indonesian-speaking subjects (Pesau & van Luijtelaar, 2021). All three-factor

loadings were higher than 0.790. Verbal fluency is considered an executive in-

ternal language function, requiring self-monitoring, inhibition, access to one’s

lexicon, word fluency. and working memory (Lezak et al., 2012). In that sense, it

is quite possible that another executive function task in which auditory informa-

tion needs to be manipulated, DS forward, also loaded on this construct. 
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Factor four comprised two variables of the BNT, the number of errors in the

Token test and the number of correct items in the Figural Reproduction test. All

these dependent variables are based on visual stimuli requiring a semantic pro-

cess. In the BNT, with the high coefficient loading of .814 and .775 for BNT time

and the number of correct items, respectively, the production of words is based

on visual perception of drawings of objects. In the FR, which loaded .615, subject

had to remember a geometrical figure. In the Token test, the number of errors

loaded .416 on this factor, the stimuli were rows and columns of geometrical figu -

res with different shapes and colours. All three tests also rely on a semantic pro-

cess. The fourth construct is, therefore, thought to represent a visual cued

semantic process.

Three variables of the Stroop test were the difference in time card 3 – time

card 2 (.865), time card 3 (.822), the correct number of card 3 (.506). One vari-

able, the number of errors, in the Bourdon-Wiersma, loaded (.420) together into

one factor. The high loadings on two speed-related variables, including the clini -

cally most often used difference score between card 3 minus card 2 and the time

to complete card 3, and working precise and not being distracted,is helpful in

performing the Bourdon-Wiersma test. The fifth factor was thought to repre -

sent speed and inhibitory control.

Factor six and seven emphasized that two different aspects were measured

with the RAVLT test. Two recall variables from RAVLT, LTPR, and STPR, loaded

high on factor six (.868 and .839), respectively, and therefore factor six repre-

sents recall ability. While factor seven got high factor loadings on learning over

trials (.734) and the mean scores in the five learning trials (.511), another variable

loaded on factor seven was the number of errors from Bourdon test (.350). This

seventh factor represents mainly learning ability.

MANOVA 

A MANOVA was conducted to assess whether the factors (age and education)

and their interaction affected the seven PCs. Bivariate scatterplots were checked

for multivariate normality first. Subsequent ANOVA’s and post-tests indicated

more precise age and education effects. 

Age Effects

Results from the MANOVA indicated significant effects across the PCs for the

factors age (Wilks’ l = .76, F (35, 1945.89) = 3.71, p < .001, η2 = .05), education

(Wilks’ l = .69, F (21, 1327.17) = 8.70, p< .001, η2 = .12), and the first-order inter-

action (Wilks’ l = .75, F (91, 2888.46) = 1.50, p < .01, η2 = .04). Subsequent two-
factor ANOVA and one-factor ANCOVA were conducted to explore the effects of

demographic factors for each of the PCs. Details regarding which construct was

sensitive for age and education, including the effect sizes, are presented in Table

5, as well as outcomes of the Bonferroni post-hoc tests and whether there were

significant linear and quadratic trends, as established with orthogonal contrasts. 
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Fig.  1. The mean of the Z-score and standard error for age effects on seven PCs. Four PCs (A, B,

E, F) have a significant age effect. Linear trend declines were found for PC 2 (B)  and PC 5 (E),

and a significant quadratic trend was found for PC 4 (D) and PC 7 (G). Both linear and quadratic

trends were found for  PC 1 (A)
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Fig. 2. The mean of the Z-score and standard error of the mean for education affect the seven

PCs. Significant education effects were found for PC 1 (A) to PC 5 (E) and showed an increased

performance along with the higher education level. PC 6 (F) and PC 7 (G) were not sensitive to

education.
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As illustrated in Fig. 1, the general tendency wasan age-dependent decline

for PC1, PC2, and PC5 as witnessed by a significant linear orthogonal trend for

these three PCs. PC1 also showed a significant quadratic trend, representing

an accelerated decline after 60. Striking isthat η2 of PC1 (.10, indicating a medium

effect size) was among the largest of all PC, demonstrating that this PC, repre-

senting the speed of visuospatial information processing, is one of the most

age-sensitive cognitive constructs with declining starting at 30 and accelerating

around 60. For PC2 (attention, auditory short-term, and working memory),

a sudden decrease was found after 30 years since the 30+ groups scored less

good than the 16-29 year persons. The second difference was between 20-29

and age 40+. The linear decline for PC5 was gradual and lower scores were

found for the 60+ group compared to 16-29. For two other PCs, PC4 and PC7,

a quadratic trend was found, first showing an age-dependent increase with a maxi -

mum at 30-39 for PC4 and 20-39 for PC7, followed by an age-dependent de-

crease with the lowest scores for the oldest group. PC4 represents visual cued

semantic processes,and PC7 representslearning ability. Orthogonal trend

analyses confirmed the lack of significant age effects for PC3 (executive inter-

nal language). PC6 (recallability)showed sudden early decline at age 30 and

a further decline at 50+.

Education Effects

Five of the seven PCs were significantly influenced by education with p<.01,

PC 6, and PC 7, variables of the RAVLT that represented recall and verbal learn-

ing ability did not show an effect of education. The education-related effects on

the PCs are illustrated in Fig. 2. With some variations, all five significant PCs tend

to climb along with the educational level. Medium effect sizes were obtained for

PC1, PC3, and PC4, while small effect sizes for PC2 and PC5.

Regarding PC 1 (Speed of visuo-spatial information processing and plan-

ning) and PC 2 (attention, auditory short-term, and working memory), all

education groups outperformed the group with the least years of education (0-

9, junior high) since significant higher scores were obtained for the 10+ (senior

high) versus the 0-9 years group. Furthermore, for PC 3 (executive internal lan-

guage), the two lowest (junior and senior high) and two highest (undergraduate

and postgraduate) groups differed. While PC4, had the largest effect size(visual

cued semantic process), there was an increase between 0-9 and 10+ and 

a further increase between 10-12 and 13-16 years of education. PC 5 (speed

and inhibitory control), with small effect size, showed a better performance for

the 13-16 years compared to those with fewer years of education.  

Post-hoc tests following the interaction between age and education for PC2

showed that the senior high school group (N=159) showed a significant decline

at 30 years, while there was no significant decline for those with an undergrad-

uate degree (N=267).
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DISCUSSION 

Preliminary normative scores

  Our first aim was to provide preliminary normative scores for ten NPTs adapted

for the Indonesian population (termed as INTB). So far, these scores are lacking,

and if these tests are used in clinical practice, normative data from other coun-

tries, cultures, and originating from other epochs is insufficient and invalid. This

study is the first in which data from a coherent battery of ten internationally well

accepted cognitive tests were collected in one test session, allowing us to analy -

se the coherence among the test scores, and their underlying constructs of the

test scores in the battery. The availability of normative scores is crucial for neu-

ropsychologists in Indonesia to help them interpret the scores of their patients

or other clients. Nevertheless, mean, median, dispersion measures, and percen -

tile scores are available for 33 variables from 490 healthy participants, repre-

senting the urban Indonesian population living in Java Island. We can conclude

that the tests in this battery have good reliability, and the results showed that

they represent seven independent cognitive constructs. Most of these constructs

were sensitive to aging and education, contributing to the validity of the tests and

the constructs derived from the tests. 

We chose to collect only data in Java because in Java Island lives about 56%

of the total population of Indonesia and the increase in urbanization in Java has

reached 80% (Sub-directorate of Statistical Demographic, 2013). We assume that

the urbanized population in Java Island can be used as a pilot for the development

prior to more complete normative scores representing a more comprehensive geo-

graphical range of the Indonesian population. Currently, data are collected on three

other islands to increase the representation Indonesia’s norms and to analyse pos-

sible local differences. Normative scores in the form of mean, median, and SD are

the parameters for the success of the adaptation of the various test tools. 

The normative data from the tests can be compared with data obtained else-

where: First, DS, both forward and backward, with a similar wide age range were

close to previous studies reported in South Africa, Brazilian, and seven European

countries (Ostrosky-Solís & Lozano, 2006; Zimmermann, de Cardoso, Trentini,

Grassi-Oliveira, & Foncesa, 2015). Our verbal memory scores of the RAVLT were

lower for the variable STPR, LTPR, and LOT compared to a study by de Sousa

Magalhaes et al. (2019). However, their participants were younger (age ranging

between 17-40 years) than ours, and considering the well-known age-dependent

decrease in memory, this can be expected. Our average score for trials one to

five came close to what was reported by de Sousa Magalhaes et al.(2019).

The Five Point test was similar in the number of participants and age range

as studied by Catellani et al. (2011) were associated with producing the unique

design. For three other tests, the Token test, Boston Naming Test, and Stroop

Color Word Test, the means showed comparable and close to other countries’ re-

ports (Ktaiche, Fares, & Abou-Abbas, 2021; Troyer, Leach, & Strauss, 2006). The
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performances of our sample on the TMT were a bit slower on trial A but almost

the same for trial B compared to the results from a Scandinavian sample of 170

participants of 41-84 years (Espenes et al., 2020). We used words starting with

the letters K, S, and T for the adapted phonemic word fluency test based on Hen-

drawan and Hatta (2010). Although the number of correct words is somewhat de-

pendent on the number of words starting with these letters in Bahasa, there were

no large differences between the three subtests and the international scores. Also,

the FR reproduction was adapted, and this is the first report of its normative

score. Our normative scores were rather similar to an earlier study (de Brito-Mar-

ques et al., 2012). The test was conducted in Brazil and reported the correlation

between the score of visual reproduction for normal older adults and their edu-

cation level. The mean row time in seconds of the Bourdon Wiersma test was

also comparable with normative scores in a Dutch population with  the Indone-

sian sample was about 2 seconds per row faster. In contrast, Indonesians made

more errors than the Dutch (https://andi.nl/tests/aandacht-en-werkgeheugen/bw/)

and this might reflect a speed-accuracy trade-off. Finally, our test score from our

sample comes close to what is internationally reported. However, it should be kept

in mind that a detailed comparison between our outcomes and what is interna-

tionally reported is less meaningful considering differences in the assessment’s

circumstances and demographic factors. Moreover, language performance in Ba-

hasa Indonesia (for many Indonesians, Bahasa Indonesia is their second language)

and cultural and socioeconomic factors might also contribute to differences be-

tween scores of other countries and our sample.

Reliability of the test battery

A good test-retest reliability and internal consistency coefficient, and standard

error measurement of almost all variables of the ten tests of the INTB were found.

However, the variables learning over trials and short and long-term retention

from the RAVLT showed an ICC value under 0.5 (de Sousa Magalhaeset al.,

2012). It might be because we have used the same words in the retest session,

instead of a parallel version that is commonly. People cannot learn over trials so

much in case their initial performance (A1) is already high in the second assess-

ment. They remembered the items from the previous session. In support, it was

found that the amount of learning over trials was the only variable in which a sig-

nificant decrease was found in the second session compared to the first assess-

ment (16.86 to 9.20). Next, their recall scores on the second assessment were

almost perfect, and above 96%. The test-retest reliability of the mean score over

the first five trials of the RAVLT was close to 0.8. Therefore, and in agreement

with the international literature, we have no reason to doubt that the ICC and

test-retest reliability of the RAVLT test is more than sufficient.

Cognitive constructs and age and education effects

Principal Component Analysis was used as an exploratory factor analysis ca-

pable of inferring fundamental cognitive construct functions, while the result does
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not depend on certain assumptions. We identified seven constructs, some con-

tained a mixture of different variables from different tests, and others were de-

termined by the outcomes of a single test. We identified, among others, speed of

visual-spatial information processing, visual cued semantic process, verbal recall,

verbal learning, attention/working memory, executive internal language, and in-

hibitory control, most of which are commonly acknowledged cognitive constructs.

The outcomes of confirmatory factor analysis demonstrated the goodness of fit

of the seven-factor model. These outcomes contribute to the construct validity

of the INTB as a group of tests measuring different aspects of cognition. Earlier,

two studies of the Montreal Cognitive Assessment (MoCA) test, covering eight

different cognitive domains, explored the underlying factor from a different subset

of MoCA items. The earlier study yielded five factors (memory, attention/process-

ing speed, visuospatial, language, and executive function), and the later study

yielded four factors (visuospatial/executive function, memory, attention, and lan-

guage) (Moafmashhadi & Koski, 2013; Vogel et al., 2015). Some of our results re-

semble those reported by these authors with one obvious difference regarded

the language tests. In INTB, we used three language tests that measure different

aspects. The PCA showed that the three language tests loaded on two different

constructs: VF loaded on the executive internal language function. In contrast,

the BNT and Token loaded on a construct named visual cued semantic process

together with FR. Interestingly, also the TMT-time B loaded in this factor. In all

these four tests, the presentation of visual stimuli is followed by a motor act (draw-

ing, speaking, and pointing). The distinction between executive internal language

and the visual cued semantic process is more often found in the psycho-linguistic

literature; differences between semantic and executive aspects and deficits of lan-

guage function have been found in different patient categories (Dick et al., 2001). 

Although the outcomes of the PCA also showed that there were no clear su-

perfluous tests that showed a large overlap with other tests in our battery, except

that the single letter category might replace the three VFT tests, several mea-

sures demonstrated multiple associations. We found five variables that also

loaded in more than one factor with a not large (smaller or close to .40) coeffi-

cient. Variable TMT time B, errors of the Token Test, and RAVLT (mean A1-A5)

also loaded on PC2 (attention, short-term and working memory), acknowledging

the attentional and working memory aspects of these three variables (Strauss

&Spreen, 1991). DS forward also shares the coefficient loading with the VFT,

and it might represent an attentional aspect of the fluency task. The moderate

loading of the number of errors of the Bourdon Wiersma on the learning ability

suggests that an attentional component is also involved here.  

Our constructs also fitted partly in the Cattel-Horn-Carrol (CHC) model: a model

trying to encompass the theoretical structure of intelligence as broad domains

of cognition (van Rentergem et al., 2020). The current CHC taxonomy distinguishes

four conceptual groupings (i.e., motor abilities, perceptual processing, controlled

attention, and acquired knowledge) on two levels (i.e., speed and level). Our

PC1 belongs to the theoretical CHC constructs “perceptual processing and motor
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abilities”. Our PC2 and PC5 to CHC construct “controlled attention’’ with PC2 nar-

rower to working memory. Three of our PCs, PC3, PC6, and PC7, might have fit in

the broad cognitive abilities associated with “acquired knowledge” and seem also

close to long-term storage and retrieval fluency, while PC7 may reflect also “learning

efficiently”. PC4 is associated with the three broad abilities “acquired knowledge,

perceptual processing, and controlled attention”. However, more quantitative analy-

ses are necessary to see how well the data from the I-NTB fit into the CHC model.

The performance patterns convincingly showed heterogeneity regarding whether

there is an age-dependent decline or not, the age of the maximum performance,

and the age of the beginning of the decline (Hartshorne & Germine, 2015; Lezak

et al., 2012). We confirmed their outcomes since six of the seven factors showed

an age-dependent decline – three different ages at which a maximum of the cog-

nitive abilities was found. Two patterns regarding the onset of the decline were re-

vealed: one started as early as age 30, and another started much later, at age 60.

Six of the seven constructs showed age-dependent changes, commonly

found for most cognitive abilities measured by neuropsychological tests (Lezak

et al., 2012). An exception occurred for the factor which measures the executive

internal language function. This construct (PC3) is based on the outcome of a word

production task, mainly a phonemic verbal fluency task. The executive elements

of this test are self-monitoring, inhibition, and working memory. The language

function is access to one’s lexicon to switch to different semantic categories and

evaluate words’ spontaneous production. Word production seems well preserved

and remains intact for healthy adults (Cohen, Marsiske, & Smith, 2019; Glisky,

2007). The executive internal language might represent a cumulation of language

knowledge acquired and well preserved throughout life (crystalized knowledge).

Crystalized cognitive ability can be contrasted with a fluid ability (Cohen et al.,

2019). Previous studies reported that fluid ability tends to decline from age 20 to

80 while crystalized ability there is an improvement until approximately age 60

(Murman, 2015). We noticed that PC3 has crystallized and fluid abilities elements

and found an improvement until age 50. PC 4 also has mixed abilities with BNT

as crystalized and FR and Token as fluid, and this might be the reason for the im-

provement from 16 until age 39 and a plateau until age 49 followed by a decline. 

We have six age categories: the youngest group was 16-19 years, followed

by decade groups, and ended with the elderly at age 60+. We found three differ-

ent peak performances across the outcomes of the seven constructs. A first pat-

tern showed a peak in the early adulthood (the twenties),which regarded PC1,

PC2 (Hester et al., 2014), PC5, and PC6. A second pattern was found for PC7

with peak performance at age 20-39 (Messinis, Tsakona, Malefaki, & Papathana-

sopoulos, 2007). The last pattern was typical for only PC4, which peaked at age

30-49. The first pattern, the highest values in the youngest group followed by 

a monotonic decline, was typical for our PC1 and PC5, and in both tasks, speed

was a crucial factor. Tucker-Drob (2019) reported that cognitive abilities such as

visuospatial ability and processing speed peak in the early adulthood (the twen-

ties) and decline afterward.
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Furthermore, there were two general patterns regarding age at the start of

the decline. One onset decline started as early as age 30 for cognitive perfor-

mance related to attention, auditory short-term and working memory, and recall

ability (Lezak et al., 2012). A subsequent second cognitive performance decline

started much later at 60. The latter decline was related to inhibitory control, speed

of visuospatial information processing and planning, visual cued semantic process,

recall, and learning ability. The decline across five different cognitive constructs

might partly represent a decline in sensory perception, health, and socioeconomic

status (Murman, 2015). It is not uncommon in cross-sectional research to find 

a steep decline from age 60 onwards (Tucker-drob, 2019). Cohort effects, in our

case, fewer years of education in our 60+ group, were not the reason for this de-

cline. All six significant age effects remain present in an ANCOVA, with education

as a covariate.

Compared to the age effect, educational experience has, in general, larger

effect sizes than age, and on five of the seven constructs, significant education

effects were found. Only recall and learning ability were without significant ef-

fects. Both constructs come from RAVLT variables. Bolla-Wilson & Bleecker

(1986) found that verbal intelligence was associated with RAVLT performance

more than years of education. 

The significant education effects on the other five PCs align with a large

amount of literature showing that education affects almost all cognitive tests

(Weber&Skirbekk, 2014; Jansen et al., 2021; Guerra-Carrillo, Katovich, & Bunge,

2017). Of note is that the most significant differences in education were between

primary education and senior high for the speed of visuospatial information pro-

cessing and planning, attention, auditory short term and working memory, and

visual cued semantic process.  For executive internal language, visual cued se-

mantic process and speed and inhibitory control, having an undergraduate made

the difference or a further difference with lower educated groups (Guerra-Carrillo

et al., 2017). Further higher education, from undergraduate to postgraduate, did

not matter a great deal considering that no significant increases were found be-

tween 13-16 versus 17+. This lack of other differences might be ascribed to our

sample’s not-so-large number of persons with postgraduate education. Two con-

structs, short and long-term verbal ability and verbal learning ability, are not edu -

cation-dependent. The ability to learn and remember is not dependent on the

years of education after obtaining junior high.

In addition to age and education as main factors, an interaction of age x edu -

cation effects on the PC measuring “attention, auditory short term, and working

memory” was found. As revealed by post-hoc tests, it was found that those with

a senior high education (also for those with only junior high) showed a sharp de-

crease in attention, auditory short-term, and working memory from 30 years on-

ward, while this was not the case for the undergraduates; their decline is non-

significant, and if it happened it started later. This emphasizes the relevance of

education in the prevention of cognitive decline. 
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Limitations

A limitation of the current dataset is that the sample is relatively small for el-

derly people and also the less well-educated groups are poorly represented,

while the number of subjects between 20 and 40, and well-educated was rather

large. Further, our sample is mostly from urban areas and the population from

rural areas was underrepresented.

The preliminary scores are also not adjusted as yet for the commonly used

demographic factors age, education, and sex, while it is not clear whether adap-

tations for the language spoken in public as well as at home and for ethnicity, In-

donesian’s population consists of many different ethnic groups, are imperative.

This awaits the collection of a larger dataset and analyses of the putative role of

all these factors on the performance of these tests. 

Being aware of the limitations of our sample regarding an uneven distribution

of both age and education levels, and that mostly the urban population was as-

sessed, we are convinced that these results can be used as basic references

for the cognitive performance of healthy adults in Java. It fills in the lack of nor-

mative scores on these ten tests.

Finally, we have to collect data from different clinical populations, such as pa-

tients with neurological and psychiatric diseases, to get more insights in the clin-

ical validation of our test battery. 

We are currently expanding the neuropsychological dataset with the aid of

university partners unified in a consortium. This consortium represents six areas

from four islands in Indonesia and will expand in the future. Data storage and

calculation of normative scores of the ten tests are accommodated in I-ANDI, 

a dynamic database, and an online platform (Wahyuningrum et al., 2021).

CONCLUSIONS
We conclude that all test scores were in good agreement with what is inter-

nationally reported. The psychometric analyses showed objectives concerning

reliability and validity of the tests in the INTB are considered promising. Interest-

ingly, as expected, not all constructs showed the same age-dependent decline,

and a somewhat unique age-affected pattern for each of the cognitive constructs

was found. Education effects were more significant than age effects. The inter-

action between education and age underlines the relevance of education in pre-

venting early aging. It is hoped that the INTB can be used for the Indonesian

population and that the preliminary normative data reported here may enhance

the use of the tests in the future. Indonesia’s large ethnic and linguistic diversity

is a challenge for more definite normative scores for all Indonesians. Therefore,

reluctance in its use on a large scale is still advised until more insight into the

role of ethnicity and spoken languages is obtained. 
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