
 

anales de psicología / annals of psychology 
2023, vol. 39, nº 1 (january), 72-80 

https://doi.org/10.6018/analesps.466371 

© Copyright 2023: Editum. Universidad de Murcia (Spain) 
ISSN print: 0212-9728. ISSN online: 1695-2294. 
https://revistas.um.es/analesps 

Creative Commons 
4.0: BY-SA 

 
 

- 72 - 
 

ASIS Cognitive Profiles of Children with Learning Disabilities 
 

Mevlut Cirik1, Ugur Sak1,*, Deniz Arslan1, Engin Karaduman2, and Ercan Opengin3 
 

1 Faculty of Education Department of Special Education, Anadolu University (Turkey) 
2 Zonguldak Bulent Ecevit University (Turkey) 

3 Van Yuzuncu Yıl University (Turkey) 

 
Título: Perfiles cognitivos de ASIS en niños con problemas de aprendizaje. 
Resumen: Las escalas de inteligencia se utilizan ampliamente para el análi-
sis de perfiles cognitivos en el diagnóstico de problemas de aprendizaje. El 
propósito de este estudio fue explorar los perfiles cognitivos de los niños 
con problemas de aprendizaje en una nueva prueba de inteligencia, la Esca-
la de Inteligencia Anadolu-Sak. La prueba de inteligencia se administró a 89 
niños diagnosticados con discapacidades generales de aprendizaje. Se selec-
cionó aleatoriamente un grupo de control emparejado (N = 92) de la mues-
tra estándar. Los análisis de datos incluyeron análisis de perfil latente y 
comparaciones de puntuaciones entre grupos y comparaciones dentro de 
los grupos. Los hallazgos mostraron que la inteligencia general media y los 
medios de la capacidad verbal y visual de los niños con problemas de 
aprendizaje estaban en el rango promedio pero más cerca del límite infe-
rior. La media de la memoria de trabajo estaba ligeramente por debajo del 
rango medio y significativamente más baja que la media del grupo de con-
trol emparejado. Los análisis de perfil latente mostraron tres perfiles distin-
tos: el perfil en zigzag, el perfil ondulado y el perfil en cascada. La única 
debilidad compartida por los tres perfiles es la memoria de procesamiento 
secuencial visual. Los resultados implican que la memoria de procesamien-
to secuencial débil puede contribuir a las discapacidades de aprendizaje. 
Palabras clave: Dificultades de aprendizaje. Perfil cognitive. Análisis de 
perfil latente. ASIS. 

  Abstract: Intelligence scales are widely used for cognitive profile analyses 
in the diagnosis of learning disabilities. The purpose of this study was to 
explore the cognitive profiles of children with learning disabilities on a new 
test of intelligence, the Anadolu-Sak Intelligence Scale. The intelligence test 
was administered to 89 children diagnosed with general learning disabili-
ties. A matched control group (N = 92) was randomly selected from the 
norm sample. Data analyses included latent profile analyses and compari-
sons of scores across groups and within-group comparisons. The findings 
showed that the mean general intelligence and means of the verbal and 
visual ability of children with learning disabilities were in the average range 
but closer to the lower boundary. The mean of working memory was 
slightly below the average range and significantly lower than the mean of 
the matched control group. Latent profile analyses showed three distinct 
profiles: the zigzag profile, the wavy profile, the and waterfall profile.  The 
only weakness shared by the three profiles is visual sequential processing 
memory. The results imply that weak sequential processing memory may 
contribute to learning disabilities.   
Keywords: Learning disability. Cognitive profile. Latent profile analysis. 
ASIS. 

 

Introduction 
 
Learning disability (LD) is bounded to learning processes in-
fluenced by many factors, such as intelligence, memory, en-
vironment, and motivation. Studies show many possible 
causes of learning disabilities (Melekoglu, 2017). One of the 
most noticeable causes of LDs is the hereditary factor. Stud-
ies involving heredity found that 40% of individuals with 
special learning disabilities (SLD) share similar learning prob-
lems as their parents or siblings (Smith & Strick, 2010). 
However, heredity does not cause LDs alone. For instance, 
54% of the causes of reading disabilities in twins originate 
from genetic factors, 40% from environmental factors, and 
6% from personal factors (Smith & Strick, 2010).  

The diversity and potential causes of SLDs make it diffi-
cult to diagnose them with a single psychological scale 
(Görgün, 2017). A comprehensive examination of SLDs in-
cludes individual development history, school reports, and 
psychoeducational assessments (APA, 2013). In addition, 
further information is obtained from inconsistencies be-
tween ability, achievement, and response to intervention 
(RTI) and by measuring discrepancies in cognitive domains 
(Fletcher et al., 2005). Evidence regarding the presence of 
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SLDs can be obtained by measuring inconsistencies, if any, 
between intelligence and academic achievement. For exam-
ple, if a child has average or above-average intelligence but 
performs significantly below the norm in reading, writing, or 
mathematics, s/he may be experiencing a special learning 
disability (Fletcher et al., 2005; Gresham & Vellutino, 2010). 
That is, measurements of cognitive processes are as im-
portant as the measurement of academic skills in diagnosing 
SLDs. 

 
SLD Profiles on Intelligence Tests 
 

Children with SLDs show significant variations in intelli-
gence test scores that yield unique cognitive profiles. These 
profiles have promoted intelligence tests in diagnosing SLDs 
(Siegel, 1989). According to Siegel (1999), SLDs can only be 
determined using intelligence scales in many children be-
cause the heterogeneity existing in the cognitive processes of 
individuals with SLDs can be best captured only by intelli-
gence measurements. 

Although individuals with SLDs exhibit lower general in-
telligence than individuals without SLDs, their general intel-
ligence level is in the normal range, mainly close to the lower 
boundary of the normal range. For instance, D’angiulli and 
Siegel (2003) compared the intelligence performance of 121 
normal students with that of 100 students who had SLD in 
arithmetic and that of 143 students who had SLD in reading. 
The average WISC-R score (96.5) of the students with SLD 
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in arithmetic and the average score (91.1) of the students 
with SLD in reading was significantly lower than the average 
IQ score of the typically developing group (105.3). Similarly, 
Hyman, Shores, and North (2006) administered the WISC-
III scale to a group with SLDs and found that the average 
IQ of the group was 92.38. Sözel et al., (2018) administered 
the ASIS to a group of students with SLDs and found that 
the average IQ of the group was 86.76. Other studies also 
revealed similar findings (Ackerman et al., 1971; Mayes et al., 
1998; Vargo et al., 1995). 

That children with SLDs perform on the lower edge of 
the average range of intelligence discloses that children with 
SLDs differ from those with intellectual disabilities. There-
fore, identifying children with SLDs should be different 
from identifying children with intellectual disabilities (Gresh-
am & Vellutino, 2010). Individuals with SLDs perform poor-
ly in not all but some of the subtests of intelligence tests, 
causing their overall IQ scores to be lower than the average. 
That children who demonstrate very low academic achieve-
ment and learning problems at school but score average or 
above average on intelligence tests provide evidence that 
these children could not be classified as having intellectual 
disabilities. Agreements vary regarding the minimum IQ lev-
el required to identify SLDs (Siegel, 1999). Siegel suggests 
that an IQ score of 80 could be the base criterion. 

Several intelligence scales have been used in SLD re-
search (Lerner & Johns, 2012). For example, an SLD study 
was conducted to develop the Kaufman Assessment Battery 
for Children (KABC-II; Kaufman et al., 2005). This study 
examined the intelligence levels of three groups with learning 
disabilities in reading, writing, and mathematics. The Mental 
Processing Index (MPI), Fluid-Crystallized Index (FCI), and 
Nonverbal Index (NVI) were found to be close to each oth-
er in the study. However, the three groups' MPI, FCI, and 
NVI scores were significantly lower than the norm. The in-
dexes consist of such skills as short-term memory, long-term 
memory, acquired knowledge, sequential processing, and vo-
cabulary. Low performance in the subtests measuring these 
skills lowers the overall intelligence scores of individuals with 
SLDs. Also, in this study, participants had SLDs in more 
than one area, which may be another reason for the low IQ 
in these children.   

Stanford Binet-5 (SB5) has been used in studies about 
SLDs. Two studies stand out among others to determine the 
SB5 profiles of individuals with SLDs. One of these studies 
was conducted with 212 individuals (Roid, 2003). In this 
study, individuals with SLDs scored significantly lower than 
the norm group in the total score. In addition, the indexes 
scores, Fluent Reasoning (FR), Knowledge (KN), Quantita-
tive Reasoning (QR), Visual-Spatial Processing (VS), and 
Working Memory (WM), were significantly lower than the 
norm. In another research, Nelson (2008) assessed 234 indi-
viduals with SLDs. In this study, Full-Scale IQ, FR, KN, 
QR, VS, and WM subtest scores were significantly lower 
than the norm group’s scores. According to Roid and Bar-
ram (2004), the SB-5 subtests, particularly working memory, 

knowledge, and quantitative reasoning subtests, are gauges in 
diagnosing SLDs because these subtests are directly related 
to reading and antichemical skills. 

The WISC tests have been frequently used with children 
with SLDs (Alm & Kaufman, 2002; Altınoğlu-Dikmeer & 
Gençöz, 2009; D’Angulli & Siegel, 2003; Ottem, 1998). 
These studies yielded a variety of SLD profiles. Among 
them, the discrepancy profile (difference between verbal and 
performance intelligence), the Bannatyne Profile, the ACID 
Profile, and the Kaufman Profile are noteworthy. 
  In studies conducted with the first version of WISC, the 
discrepancy between verbal intelligence and performance in-
telligence was accepted as an essential indicator of SLDs 
since the verbal intelligence means of individuals with SLDs 
was one standard deviation lower than their performance in-
telligence (Kaufman, 1981). Several studies provided evi-
dence for this profile (Alm & Kaufman, 2002; Bilgiç et al., 
2006; Schiff et al., 1981). For example, in a meta-analysis by 
Kaufman (1981), verbal intelligence was significantly lower 
than performance intelligence in individuals with SLDs. 

SLD diagnoses include finding a discrepancy between 
verbal intelligence and performance intelligence. However, 
this practice may not yield a correct diagnosis because some 
studies reveal no difference between the two areas 
(D’Angulli & Siegel, 2003; Erdoğan-Bakar et al., 2016; Kaya-
Şekeral & Güngörmüş-Özkardeş, 2013; Schmidt & 
Saklofske, 1983; Smith et al., 1977).  The contradiction 
across studies may occur because SLDs have more than one 
type and require a multi-dimensional diagnosis. In addition, 
some children with SLDs were also found to have diagnosed 
or undiagnosed ADHD (Biederman & Faraone, 2005). Be-
cause of this contradiction among studies, verbal intelli-
gence-performance intelligence discrepancy is not suggested 
for diagnosing SLDs (D’Angiulli & Siegel, 2003). 

Banntyne (1968, 1974) claimed that the verbal intelli-
gence-performance intelligence dichotomy in WISC is insuf-
ficient to diagnose individuals with SLDs and suggested a 
new subtest classification. This classification grouped the 
WISC subtests into four categories: conceptual category 
(similarities, vocabulary, judgment), spatial category (image 
completion, pattern with cubes, merging parts), sequential 
category (number sequence, image editing, and encryption), 
and acquired knowledge category (arithmetic and vocabulary 
subtests) (as cited in Kentfield, 1988). The most distinct cat-
egories were the conceptual category, where children with 
SLDs were found to be stronger, and the acquired 
knowledge category, where these children were found to be 
weaker. Bannatyne (1974) ranked the scores of individuals 
with SLDs in the WISC-R subtests as conceptual category > 
spatial category > sequential category > acquired knowledge 
category. This ranking shows that children with SLDs have a 
very heterogeneous profile. Rugel (1974) carried out a meta-
analysis using 25 studies to determine the validity of the 
Bannatyne classification. The study, indeed, supported the 
classification. Research evidence supported the widespread 
use of the Bannatyne classification in diagnosis. However, 
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some studies conducted in the succeeding years did not sup-
port the Bannatyne classification and therefore raised doubts 
about its use (Clarizio & Bernard 1981; D’Angulli & Siegel, 
2003; Schmidt & Saklofske, 1983; Vargo et al., 1995). 

The ACID profile for the diagnosis of SLDs found sup-
port in studies. In a meta-analysis, Huelsman (1970) found 
that the ACID subtest scores were significantly lower in in-
dividuals with SLDs. Other studies also supported the ACID 
profile (Ackerman et al., 1971; Dykman et al., 1973; Sando-
val et al., 1988; Spafford, 1989). In their study of 165 stu-
dents with SLDs, Daley and Nagle (1996) found that the 
ACID profile effectively distinguished individuals with SLDs 
and claimed that the low ACID profile was strong evidence 
for the diagnosis of SLDs. Later, researchers revised the AC-
ID profile by adding the general knowledge subtest to the at-
tention distraction index developed by Kaufman (arithmetic, 
coding, number series) (Watkins, Kush, & Glutting, 1997). 
Their research showed that children with SLDs scored lower 
in these subtests because of their weakness in short-term and 
long-term memory, visual-spatial coordination, and mathe-
matical processing skills. 

However, the ACID profile analysis was not always ef-
fective in diagnosing SLDs like other profile analyses. For 
example, Watkins et al. (1997) administered the WISC-III to 
612 students with SLDs. They found that the ACID scores 
of the group were not significantly different from students 
without SLDs. A similar result was obtained in the study car-
ried out by Mayes et al. (1998). They analyzed the ACID 
profiles of 66 children with SLDs and found that 55 did not 
match the ACID profile.  

In the current study, the Anadolu Sak Intelligence Scale 
(Sak et al., 2016), a new intelligence test, was used to investi-
gate the cognitive profiles of children with SLDs. The ASIS 
is a new intelligence test different from other intelligence 
tests in terms of its content; therefore, it might produce dif-
ferent cognitive profiles for children with SLDs from those 
reported in prior research. The findings obtained from this 
research could shed new light on the understanding of 
SLDs. Therefore, the purpose of this study was to explore 
the cognitive profiles of children with SLDs. The following 
research question guided the study. 
1. How do intelligence scores of children with SLDS differ 

from those of a matched control group? 
2. Are there distinct cognitive profiles among children with 

SLDs? 
 

Method 
 

Participants 
 
The research participants included 89 children (f = 39%; 

m = 61%) diagnosed with learning disabilities by certified 
clinicians at hospitals and approved by the Guidance and 
Research Centers run by the Ministry of Education in Tur-
key. The Guidance and Research Centers did not specify the 
type of learning disabilities. They were all diagnosed with a 

general learning disability. Participants’ age ranged from 6 to 
11, with a mean of 8.69. All the participants were attending 
primary schools in two major cities in the mid-western part 
of Turkey. Recruitment of children with learning disabilities 
took place in two phases: First, they were identified by re-
viewing their files in the Guidance and Research Centers. 
The initial sample was 2049 children. Those between the ag-
es of 4 to 12 were selected for the second stage since ASIS 
can be administered to this age range. Second, those children 
with neurological, vision, hearing, or other types of problems 
or disabilities not related to learning disabilities were elimi-
nated from the list. The final sample included 89 children. 
Consents were obtained from the participants’ parents. The 
second group of participants included a matched control 
group of 92 students (f = 42%; m = 58%) randomly selected 
from the norm group with matching variables of age, gender, 
grade, and region. 

 
Instruments: Anadolu Sak Intelligence Scale (ASIS) 
 
ASIS is an individually administered intelligence test bat-

tery developed for children aged four to12 (Sak et al., 2016). 
It consists of seven subtests. The administration lasts from 
20 to 45 minutes, depending on the age and performance of 
the child. The mean of the index scores is 100, and the 
standard deviation is 15. For the subtests, the mean is 50, 
and the standard deviation is 10. The theoretical framework 
of the ASIS is based on the Cattell-Horn-Carroll (CHC) 
model. The CHC model consists of three layers (McGrew, 
2009). The structure of the ASIS also includes three layers. 
The General Intelligence Index (GIQ) is on the top layer. 
The second layer is composed of Verbal Ability Index (VAI), 
Nonverbal Ability Index (NVAI), and Memory Capacity In-
dex (MCI). The last layer includes the following subtests: 
visual sequential processing memory, verbal analogical rea-
soning, visual perceptual flexibility, visual analogical reason-
ing, verbal short-term memory, visual pattern memory, and 
vocabulary. The GIQ is the sum of all seven subtests. The 
VAI is composed he verbal analogical reasoning and vocabu-
lary subtests. The NVAI includes visual analogical reasoning 
and visual perceptual flexibility subtests. The MCI is the sum 
of visual sequential processing memory, verbal short-term 
memory, and visual pattern memory subtests. 

The verbal reasoning subtest measures crystallized ability, 
problem-solving ability, and verbal reasoning ability. The vo-
cabulary subtest measures vocabulary knowledge, language 
development, and expressive language. Visual reasoning is a 
measure of abstract thinking and reasoning through visual 
analogies. Visual perceptual flexibility subtest measures visu-
alization, visual discrimination, visual awareness, mental flex-
ibility, and visual perceptual processing skills. The visual se-
quential working memory subtest measures visual sequential 
processing and visual short-term memory. The visual pattern 
memory subtest measures visual-spatial processing memory 
and short-term memory. The verbal short-term memory 
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subtest measures verbal short-term memory, story memory, 
and attention. 

Several studies were carried out to investigate the validity 
and reliability of the ASIS (e.g., Sak et al., 2016; Sak et al., 
2019; Sözel et al., 2018; Tamul et al., 2020). Reliability stud-
ies included internal consistency, test-retest consistency, and 
inter-scorer consistency. The median test-retest reliability co-
efficient is 0.91 for index scores and slightly lower for sub-
test scores. Test-retest correlations range from .88 (Nonver-
bal) to .98 (Fluid Reasoning) for the index scores and from 
.66 (visual-spatial memory) to .85 (visual-spatial reasoning) 
for the subtests. The median reliability coefficient for inter-
nal consistency is .91 for subtest scores and .97 for index 
scores. Inter-scorer reliability coefficient ranges from .96 to 
1.00 (Tamul et al., 2020). 

The validity studies include construct, criterion, devel-
opmental, discrimination, and social validity (e.g., Sak et al., 
2016; Sak et al., 2019; Sözel et al., 2018; Tamul et al., 2020). 
A three-factor solution with three layers was confirmed us-
ing exploratory and confirmatory factor analyses in the 
norming study. Children’s intelligence scores correlate highly 
with their age and years in school (.82). The criterion study 
shows medium to high-medium correlations between ASIS 
scores and RIAS scores (Reynolds Intellectual Assessment 
System) and medium correlations with UNIT scores (Uni-
versal Nonverbal Intelligence Test). Correlations between 
ASIS scores and academic achievement range from .0.57 to 
.82 for math, science, social studies, and the language arts 
(Sak et al., 2019). In addition, ASIS scores significantly corre-
late with intelligence-related constructs, such as math ability 
(.77), scientific creativity (.55) (Köprü & Ayas, 2020), and 
humor ability (.77) (Arslan et al., 2021). 

The performance of clinical groups on the ASIS was also 
examined. According to the findings, gifted children, chil-
dren with autism, and children with intellectual disabilities 
were mostly correctly classified (Sözel et al., 2018). In addi-
tion, the satisfaction of the test users of the ASIS was found 
to be high in terms of its content, administration, and inter-
pretation. Further reliability and validity evidence can be 
found in Cirik et al. (2020), Sak et al. (2016), Sak et al. (2019), 
Sözel et al. (2018), and Tamul et al. (2020). 

 
Data Collection  
 
The ASIS was administered to all the participants with 

SLDs in their schools. Each school administration reserved a 
room for test administrations. All the rooms were checked 
for their appropriateness for test administration before test-
ing started. Then, all the tests were individually administered 
to children by a tester who had the test training. Test admin-
istrations lasted from 30 minutes to 45 minutes.  The norm 
data of the ASIS was obtained with permission from its au-
thors. 

 

Data Analysis 

 
The first data analysis included descriptive analysis and 

comparisons of the ASIS scores of the participants with 
SLDs to those of the matched control group. Differences 
were tested using the independent samples t-test. Paired 
samples t-test was used for within-group comparisons to 
compare the participant’s scores on the ASIS index scores. 
The effect sizes were estimated for significant differences us-
ing Cohen’s d (Cohen, 1988). According to this formula, the 
effect size was accepted to be small at .20, medium at .50, 
and large at .80. The Bonferroni correction was applied to 
minimize the error margin of binary comparisons in the in-
dex-level and subtest-level analyses. An alpha level below 
.007 was accepted as a significant difference in the paired 
samples t-test comparisons of the seven subtest scores and 
.01 in the four index scores. 

Second, the Latent Profile Analysis (LPA) was conducted 
to examine the cognitive profiles of children with SLDs. 
Based on covariance matrices, the LPA produces latent pro-
files for individuals who share meaningful and interpretable 
response patterns (Masyn, 2013). The LPA is grounded on 
ideas that 1) individual differences should be considered, 2) 
individual differences may emerge in patterns, and 3) even a 
small number of profiles found among individuals is mean-
ingful (Bergman et al., 2003; Sterba, 2013). In the current 
study, the criteria suggested by Nylund et al. (2007) were 
used to determine the number of optimal profiles. First, the 
analysis began with a test of two models and then continued 
with three and four models. The best model was identified 
by comparing fit statistics obtained from each model.  These 
 
Table 1 
Distribution of ASIS Scores of Children with SLDs. 

Indexes Min Max Category f* % 

General Intelligence 
Index (GIQ) 

71 120 

115-129 (high) 1 1 

85-114 (average) 45 51 
70-84 (low) 43 48 
< 69 (very low) - 0 

Verbal Ability  
Index (VAI) 

71 123 

115-129 3 3 

85-114  73 82 
70-84 13 15 
< 69 - 0 

Visual Ability Index 
(NVAI) 

69 129 

115-129 4 5 
85-114 57 64 
70-84 27 30 
< 69 1 1 
115-129 - 0 

Memory Capacity  
Index (MCI) 

62 113 

85-114 40 45 

70-84 41 46 

< 69 8 9 
*Note. N = 89      

 
evaluations included AIC and Sample-Adjusted Bayesian In-
formation Criterion (SABIC), Bootstrapped Likelihood Ra-
tio Test (BLRT), Entropy values, number of cases in each 
profile, and (d) posterior probabilities. The best model was 
determined based on the lowest AIC and SABIC values, the 
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BLRT value meaningful and closest to 0, an entropy value 
closest to 1, and the probability values of profiles. In addi-
tion, the interpretability of the profiles was considered. 
 

Results 
 
The distribution of ASIS index scores of children with SLDs 
is presented in Table 1. According to the findings, children’s 
general intelligence scores ranged from 71 to 120, with a very 
high heterogeneous profile. While 51% had an intelligence 
level in the average range, 48% had intelligence one standard 
deviation below the average range. Only one child (1%) was 
in the high range. Their index sores (component scores) had 
a higher dispersion, with the visual ability index having the 
highest dispersion from very low to high. In addition, there 
were more individuals in the very low range (below 69 IQ) in 
the working memory capacity index than in the other index-
es. The working memory capacity index had no individuals 
in the high range. Only 45% of individuals fell in the average 
range in the working memory capacity index, whereas 82% 
in the verbal ability index and 64% in the visual ability index. 
 

Comparisons with the Matched Control Group  
 
The research group's ASIS index and subtest scores were 

compared with the matched control group’s scores using the 
independent sample t-test. The results are presented in Table 
2. Overall, all the index scores of the children with SLDs 
were found to be significantly lower than the control group’s 
scores (GIQ: t(179) = 8.26, p < .001; VAI: t(179) = 5.43, p < 
.001; NVAI: t(179) = 3.40, p < .001; MCI: t(179) = 10.79, p 
< .001). The largest effect sizes were found in the memory 
capacity index (d = 1.605), general intelligence index (d = 
1.229), and verbal ability index (d = .808). The effect size for 
the difference between the visual ability index was medium 
(d = .505). 

Subtest scores of the research participants ranged from 9 
to 69 on a t-score distribution, with visual sequential pro-
cessing memory having the lowest mean (38,4) and the visual 
perceptual flexibility subtest having the highest mean (47). 
All the subtest scores, except visual perceptual flexibility, of 
the SLD participants were significantly lower than the con-
trol group’s scores (VSPM: t(179) = 7.43, p < .001; VAR: 
t(179) = 2.55, p =.012; VPF: t(179) = 1.72, p =.087; VSAR: 
t(179) = 3.59, p < .001; VSTM: t(179) = 7.59, p < .001; 
VPM: t(179) = 5.01, p < .001; VOC: t(179) = 7.17, p < .001). 
The largest effect sizes were observed in visual sequential 
processing memory, vocabulary, visual pattern memory, and 
verbal short-term memory. The other effect sizes were me-
dium or small. A large difference between the research par-
ticipants and the norm in the visual sequential processing 
memory and vocabulary subtests is noteworthy. The largest 
effect sizes were observed in verbal short-term memory (d = 
1.129), visual sequential processing memory (d = 1.105), and 
vocabulary (d = 1.067). The other effect sizes were medium 
or small. Particularly, the large differences in verbal short-

term memory, visual sequential processing memory, and vo-
cabulary subtests are noteworthy.  

 
Within-Group Comparisons: Latent Profile Analysis 
 
ASIS index scores of children with SLDs were compared 

using a paired-samples t-test to explore whether they showed 
within-group differences. The Latent Profile Analysis was 
conducted to examine the cognitive profiles of the partici-
pants. The index-level findings are presented in Table 3. Ac-
cording to the results, all the differences between the indexes 
were significant, except the difference between the visual 
ability index and the verbal ability index. The largest effect 
sizes were found between the general intelligence index 
(GIQ) and verbal ability index (d = -.865) and between the 
verbal ability index and memory capacity index (d = .823). 
The other effect sizes were medium or small. Memory capac-
ity scores were seemingly lower than all the other indexes.   

 
Table 2 
Comparison of the ASIS Scores of Children with SLDs with the Matched Control 
Group. 

 
SLD Group 

N = 89 
Control Group 

N = 92 
t p Cohen’s d 

Indexes Mean SD Mean SD    

GIQ 85.3 10.48 101 14.58 8.26 <.001 1.229 
VAI 91.9 9.89 101.6 13.79 5.43 <.001 .808 
NVAI 92.2 12.68 99.4 15.54 3.40 <.001 .505 
MCI 83.1 9.85 101.6 13.02 10.79 <.001 1.605 
Subtests        

VSPM 38.4 8.78 48.8 9.99 7.43 <.001 1.105 
VAR 45.1 8.64 48.7 10.20 2.55 .012 .379 
VPF 47 9.23 49.6 11.18 1.72 .087 - 
VSAR 43.6 9.66 49 10.48 3.59 <.001 .534 
VSTM 41.7 10.63 53 9.30 7.59 <.001 1.129 
VPM 41.7 6.47 48.5 11.08 5.01 <.001 .745 
VOC 38.8 9 49.6 11.12 7.17 <.001 1.067 
*GIQ = General Intelligence Index, VAI = Verbal Ability Index, NVAI = 
Visual Ability Index, MCI = Memory Capacity Index, VSPM = Visual Se-
quential Processing Memory, VAR = Verbal Analogical Reasoning, VPF = 
Visual Perceptual Flexibility, VSAR = Visual Analogical Reasoning, VSTM 
= Verbal Short-term Memory, VPM = Visual Pattern Memory, VOC = Vo-
cabulary. 

 
The fit statistics of the subtests and the profiles pro-

duced by the Latent Profile Analysis (LPA) are presented in 
Table 4. Overall, the LPA yielded three profiles with signifi-
cant BLRT values. The four-profile model had better fit sta-
tistics than the other two profiles. However, the three-profile 
model was found to be more interpretable. In addition, the 
differences between the four-profile model and the three-
profile model were not substantial. Therefore, the three-
profile model was selected for further analysis. Descriptive 
statistics related to the three-profile model are presented in 
table 5.  

The first profile included six individuals with a zigzag 
cognitive profile based on subtest scores and general intelli-
gence (77) below average (figure 1). This group had marked-
ly fluctuating subtest scores in visual-spatial areas (table 5), 
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with very low mean scores in the visual sequential processing 
memory (25.5), visual pattern memory (35.7), and visual-
spatial analogical reasoning (22.5), whereas its mean scores 
were in the average range in the other four subtests.  

Profile two had the largest number of individuals (N = 
49), with a wavy subtest profile and general intelligence 
(79.2) below average (figure 1). This group had substantially 
lower scores in the verbal domain (table 5), with a score of 
34.1 in vocabulary development (VOC) and 38.1 in verbal 
short-term memory, as well as in visual sequential processing 
memory (38). Seemingly, this group’s development was weak 
in verbal and visual memory.  

 
 

Table 3 
Within-Group Comparisons of the ASIS Index Scores. 

Indexes t p Cohen’s d 

GIQ 
VAI -8.168 < .001 -.865 
NVAI -7.055 < .001 -.747 
MCI 3.514 < .001 .372 

VAI 
NVAI -.171 .864 - 
MCI 7.764 < .001 .823 

NVAI MCI 6.915 < .001 .733 
*GIQ = General Intelligence Index, VAI = Verbal Ability Index, NVAI = 
Visual Ability Index, MCI = Memory Capacity Index. 
 

The third group (N= 36) displayed a waterfall-like profile, 
with average scores in six subtests and relatively low scores 
in visual sequential processing memory. Their mean general 
intelligence (95.6) was also within the normal range (Table 
5). 

Table 4 
LPA Model Fit Statistics. 
 Fit Statistics Profile Membership 

Model AIC SABIC BLRT Entropy 1 2 3 4 

Two-Profile 4459.715 4445.037 -2237.49* .68 59 30   
Three-Profile 4444.692 4424.676 -2207.86* .80 6 49 34  
Four-Profile 4433.86 4408.507 -2192.35* .87 4 55 6 24 
*p < .05 

 
Figure 1 
Three-Profile Model. 

 
 
Table 5 
LPA Results for the Three-Profile Model. 

 

Profile 1 Profile 2 Profile 3 
Zigzag Wavy Waterfall 

N = 6 N = 49 N = 34 

Subtest Mean SD Mean SD Mean SD 

VSPM 25.5 12.9 38 8.30 41.2 6.45 
VAR 46.3 4.89 40.4 7.37 51.6 6.41 
VPF 52.2 5.04 43.4 8.06 51.2 9.32 
VSAR 22.5 10.5 41.4 6.14 50.5 6.35 
VSTM 46.8 5.38 38.1 10.2 45.9 10.2 
VPM 35.7 4.46 39.9 6.14 45.5 5.18 
VOC 40.7 5.39 34.1 7.70 45.3 7.01 

GIQ 77 4.94 79.2 6.53 95.6 7.02 
*VSPM = Visual Sequential Processing Memory, VAR = Verbal Analogical 
Reasoning, VPF = Visual Perceptual Flexibility, VSAR = Visual Analogical 
Reasoning, VSTM = Verbal Short-term Memory, VPM = Visual Pattern 
Memory, VOC = Vocabulary, GIQ = General Intelligence Index. 

 

Discussion and Conclusions 
 
The cognitive profiles of children with SLDs were examined 
using the Anadolu-Sak Intelligence Scale (ASIS). An im-
portant finding of this study is related to the subtest-level 
findings that depict cognitive profiles of children with SLDs 
in specific skills. The subtest performance of the participants 
is relatively heterogeneous, with three distinct cognitive pro-
files: Zigzag, wavy, and waterfall. Prior studies show that 
children with SLDs perform better in visual-spatial pro-
cessing and reasoning than in verbal skills and sequential 
processing (Alm & Kaufman, 2002; Altınoğlu-Dikmeer & 
Gençöz, 2009; Kaufman et al., 2005; Soysal et al., 2001). 
However, this study shows a more heterogeneous cognitive 
profile for children with SLDs. Their cognitive heterogeneity 
is reflected differently on the ASIS subtests, with each pro-
file showing one or more distinct weaknesses. The degree of 
the weaknesses of the children with a zigzag profile differs 
seemingly from the other two profiles in all the domains of 
cognitive processing. The wavy and waterfall profiles show a 
similar pattern of cognitive profile in their performance in 
the subtests, albeit the wavy profile has much lower scores 
and more distinct weaknesses than the waterfall profile in all 
the subtests. 

Children with a zigzag profile have the lowest mean of 
general intelligence (77 IQ), below the lower borderline of 
the average range (85 - 115), and display irregular jumps and 
slumps in subtest performance. They have a unique cogni-
tive profile in that they all perform average in the verbal do-
main, including vocabulary, verbal reasoning, and verbal 
short-term memory, but are very weak in three visual pro-
cesses: visual sequential processing memory, visual-spatial 
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pattern memory, and visual-spatial reasoning. Particularly, 
they show remarkable weakness in visual sequential pro-
cessing memory and visual-spatial reasoning. Children with a 
zigzag profile are distinguishable from children with wavy 
and waterfall profiles for having severe weakness only in the 
visual domain, including low performance in visual-spatial 
reasoning that is average in children with wavy and waterfall 
profiles. 

Similar to children with a zigzag profile, children with a 
wavy cognitive profile show a substantial weakness in three 
processes but both in visual and verbal domains, an indica-
tion distinguishing this profile from the zigzag and waterfall 
profile. This group also has low general intelligence (79 IQ), 
below the average. Unlike the zigzag profile, this group does 
not display radical jumps and slumps but shows wave-like 
increases and decreases in subtest performance. Particularly, 
the wavy profile has weakness in both verbal and visual do-
mains of memory and only in the vocabulary, not reasoning, 
of the verbal domain. Low vocabulary development further 
distinguishes this group of children from children with zig-
zag and waterfall profiles in two ways. First, vocabulary de-
velopment is the weakest part of this profile (within-group 
difference). Second, this group has the weakest vocabulary 
development among the three profiles (between-group dif-
ferences).   

Children with a waterfall profile show average perfor-
mance in six processes and weak performance in one pro-
cess, visual sequential processing memory, which is near the 
lower borderline of the average range. They have average 
general intelligence (95.6 IQ). Having slight weakness in vis-
ual sequential processing memory distinguishes these chil-
dren from children with zigzag and wavy profiles, as the lat-
ter profiles have weaknesses in three processes.  

The three profiles share a commonality: having weakness 
in the visual sequential processing of information, which is 
an essential component of working memory and has im-
portant implications for practice as visual sequential pro-
cessing is an essential skill for learning arithmetic, reading, 
and writing. For example, vocabulary development is facili-
tated by reading, which is the sequential processing of sym-
bols. Reading ability development first requires syntax skills 
(Turan & Ege, 2003; Turgut, 2008). Further, weak sequential 
processing hampers the acquisition of new knowledge (Alm 
& Kaufman, 2002; Altınoğlu-Dikmeer & Gençöz, 2009; 
Bilgiç et al., 2006; D'Angulli & Siegel, 2003; Rugel, 1974) and 
therefore may lead to poor vocabulary development and skill 
acquisition in mathematics. Because of weak working 
memory performance, many children with SLDs cannot 
complete classroom tasks as scheduled and quickly forget in-
formation they learn in school. They cannot efficiently carry 
out sequential tasks (Alloway, 2009). Therefore, we suggest 
that measures of sequential processing can provide evidence 
for diagnosing SLDs. 

Another important finding of this study is related to 
component-level scores. First, general intelligence, verbal 
ability, visual ability, and memory scores are widely dispersed 

among children with SLDs. Component scores disperse 
three to four standard deviations, from low 70s to high 120s 
in verbal ability, visual ability, and memory. Second, all the 
component scores of the participants are much lower than 
the matched control group’s scores. The mean intelligence of 
the participants is approximately one standard deviation be-
low the mean of the matched control group. These results 
appear to be partly compatible with prior research on chil-
dren with SLDs (D’angiulli & Siegel, 2003; Mayes et al., 
1998; Nelson, 2008; Sözel et al., 2018; Roid, 2003). The gen-
eral assumption children with SLDs display an intelligence 
level that is one standard deviation below the mean (Nelson, 
2008), is supported in the current study. 

The discrepancy analysis of the current study sheds light 
on diagnostic practices in special learning disabilities. Dis-
crepancies between the verbal and performance domains in 
intelligence tests have been used as evidence of learning dis-
abilities (Alm & Kaufman, 2002; D’Angulli & Siegel, 2003; 
Kaufman, 1981). Contrary to this hypothesis made in prior 
studies, this study shows no significant difference between 
the two domains. Children’s verbal ability and visual ability 
scores are in the normal range though they are significantly 
lower than the matched control group’s scores in the same 
domains. This finding is noteworthy because it has implica-
tions for practice. The finding suggests that the validity of 
the criteria, a significant discrepancy between the verbal do-
main and performance domain, used to diagnose children 
with SLDs should be questioned seriously.  

The most notable area in which children with SLDs per-
form weakly is working memory. Research shows that the 
working memory performance of children with SLDs is dis-
tinctively lower than the performance of typically developing 
children (Alloway, 2009; Altınoğlu-Dikmeer & Gençöz, 
2009; Prifitera & Dersh, 1993). Similarly, in the current 
study, children with SLDs show remarkably low memory ca-
pacity, one standard deviation below the control group. Fur-
ther, although the participants show no discrepancy in their 
performance between verbal and visual domains, their 
memory performance reflects a discrepancy as it is signifi-
cantly lower than their verbal ability and visual ability, a find-
ing that makes children with SLDs more unique and that 
may be evidence for practitioners in diagnosing and educat-
ing children with SLDs.  

Lastly, the limitations of this study should be noted. 
First, the sample with SLDs is not representative of the 
population. Second, the type of learning disability the partic-
ipants were diagnosed with was not specific, as they were all 
diagnosed with a general learning disability. Because of this 
limitation, the data analyses did not include comparisons of 
cognitive profiles across specific learning disabilities, such as 
dyslexia or dyscalculia. Each specific learning disability may 
have a different cognitive profile. Thus, the generalizability 
of the findings in this study is limited to the characteristics of 
the participants and cognitive processes measured by the 
ASIS. 
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