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ABSTRACT 

 

Background: Very few studies have attempted to investigate working memory (WM) in neurodevelopmental 
disorders (NDD). This study seeks to profile WM in children with NDD against their matched, typically 
developing children (TDC), all belonging to high socioeconomic status (SES) families. Secondary 
assessment of gender differences, if any, was also attempted. Profile analysis of certain domains in 
neuropsychological and behavioural functioning for the children is delineated.  

Methodology: The study employed a cross-sectional 2-group comparison design by drawing a purposive 

sample of 84 children (42 in each group of NDD and TDC) in 6 to 8 years from across Bangalore city, India. 
We recruited the groups by matching them on intelligence, developmental skills, and SES. Assessment of 
WM was using verbal and visual n-back and spatial span tasks. 

Results: The study depicted significant differences between the children of the groups in accuracy scores for 
the tasks. Errors from the n-back tasks showed significant differences, mostly in omission errors. We reported 
effect size and the probability of superior (PS) outcomes. We did not observe gender differences in the NDD 

group. Although, we have highlighted differences in profiles of neuropsychological and behavior functions 
between the groups.  

Discussion: This dwells on the aspects that might have caused WM's observed deficits and explains the 

differences in these children's neuropsychological and behavior profiles. 

Conclusion: WM differs significantly between children with NDD and TDC. However, we have not found 

differences in WM performance and gender in the NDD group.  
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INTRODUCTION  

Executive Functions (EF) refers to the complex cognitive processes of control and coordination of thoughts 

and behaviours [1] and encompasses WM as one of its components [2]. Working memory (WM) remains 

an essential investigation topic in basic and clinical research [3]. This cognitive function enables the 

temporary storage and manipulation of information [4] and is required to execute many complex tasks [5]. 

It is one of the critical parameters of information processing in human development and cognition 

maturation [6]. We can reliably assess WM from as young as four years [7]. WM's neuropsychological 

assessment has shown a long development [8] and remains mostly dissociated from other EF [9]. Therefore, 

WM development continues into young adulthood, and impairments in WM can appear in isolation. Studies 

depict deficits in WM in children being associated with dyslexia [10], language disorders, mathematical 

disability [11], learning difficulties [12], attentional deficit disorders (ADHD) [13], specific language 

impairment [14], conduct disorders / oppositional defiant behavioural problems [15], autism spectrum 
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disorder (ASD) [16], academic achievement with teacher-student relationship [17], to name a few. 

Therefore, WM seems essential theoretically and for practical understanding of neurodevelopmental and 

educational disorders [11]. 

Neurodevelopmental Disorders (NDD) are difficult to conceptualize [18]. They are a group of conditions that 

occur at the onset of the developmental period, before the age of 6 years, marked by a range of deficits in 

various developmental domains such as personal, social, occupational, or academic functioning as provided 

in DSM 5 [19].  Impairment may occur in any of these development domains, starting in early childhood 

and assuming a steady course without remission and continuing through adult life [20]. The conditions are 

behavioural and cognitive disorders, whose etiology is complex to ascertain (ICD 11) [21]. Nearly 1/3rd of 

the population of India constitutes children under the age of 15 years [22]. Due to the risk factors [23] 

accompanying the lack of robust evidence on the burden of NDD in such a populous country, INCLEN 

Trust International conducted a study. It suggested that one child in eight in the age group of 2-9 years has 

at least one of the conditions of NDD [24]. This burden estimate appears alarming for a developing nation 

like India.  

When studying children and their cognitive abilities, their socioeconomic status (SES) assumes importance, 

especially in a resource-poor country such as India. This construct is challenging to define singularly due to 

social and economic factors such as income, education, income-to-needs ratio, occupational, and social 

prestige. The brain is shaped continually by numerous physical and environmental factors that influence our 

cognitive, emotional, and behavioural abilities. The explanation of childhood SES is about the environment 

where they are raised. That is, their parent's SES, thereby inheriting the genetic characteristics of the same 

level of SES [25]. Observations depict a delay in children's overall development as the SES and gestational 

age decreases [26].  

Abundant studies are reporting WM findings, specifically in NDD. For instance, the meta-analytic 

evaluation of 235 studies by Demetriou et al. [27] on WM's role in ASD suggested an overall impairment. 

A similar meta-analytic review in ASD across the lifespan depicted impairments in WM [28]. Kaspar, 

Alderson and Hudec [29] conducted a meta-analysis on ADHD and typically developing children (TDC). 

They found a large effect size in impairments in phonological and visuospatial tasks. In the learning difficulty 

domain, a meta-analytic review of 29 studies in reading, mathematical, and children with both difficulties, 

depicted impairments in verbal and numerical WM compared to TDC [12]. Gender differences in the 

presentation, symptomatology, and prevalence of NDD have been reported and discussed [30; 31]. 

However, few studies have implored the cognitive gender differences in early childhood with NDD as per 

our review. Gender differences might bring in a possible source of variation in WM abilities, and studies 

suggest they should be examined [32]. 

Studies on SES and WM in TDC children are many. In a meta-analysis of studies with children aged 2 to 

18 years, a significant association with their executive functions was found [33].  Many other separate studies 

validate this finding on an association between a child's EF and family SES [34; 35]. A few western studies 

that examined WM in children with NDD have controlled SES variables. For instance, Rosenthal et al. [36] 

found EF impairments in 185 children across varying age groups with ASD when matched for SES.   

Our Indian scenario is quite different. We conducted a brief review of EF/WM in children with NDD while 

considering the child's SES. We used search engines -- Google Scholar and PubMed. We used  phrases -- 

"neuropsychological profile in Indian children," "cognitive functions in Indian children," "executive 

functions in ADHD," "executive functions in Autism Spectrum Disorders," "working memory in 

neurodevelopmental disorders in India," "executive functions in learning disorders," "socioeconomic status 

and cognitive abilities in Indian children with NDD," "socioeconomic status and cognitive abilities in Indian 

children with Autism," "socioeconomic status and cognitive abilities in Indian children with ADHD," 

"socioeconomic status and cognitive abilities in Indian children with ID," "socioeconomic status and 

cognitive abilities in Indian children with LD." We found a few articles on WM in children with NDD while 

incorporating SES (Table 1). 

Table 1 shows one study on WM in NDD by considering SES. There are no studies on gender differences. 

Our review offered very few studies on functional domain differences in the developmental and intellectual 

functioning of NDD. For instance, Malhi and Singhi [52] charted children's developmental profile with ASD 
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and developmental delay on four-year-old’s. Another study on children with Down's syndrome examined 

profiles of the Binet-Kamat Intelligence Scale (BKIS) of intelligence, with and without mild ID [53]. 

Table-1 Studies on EF in Indian children with NDD incorporating SES and gender differences 

NDD Sample 

Size 

Age 

group 

(in years) 

SES 

assessed 

Y/N 

EF 

assessed 

Gender 

differences 

assessed 

Y/N 

Significant 

results in EF 

comparison 

to other / 

control group 

Y/N 

Citations 

LD 35 7 to 14  N EF N Y [37]  

SLD 59 4 to 13  N Attention, 
Language 

N N [38] 

LD 46 7 to 14  N Attention, 
Immediate 
recall 

N Y [39]  

ADHD 30 6 to 14  N WM N Y [40] 

LD 18 8 to 12  N Processing 
Skills 

N N [41] 

LD & 
ADHD 

32 11 to 15  N EF N Y [42] 

ADHD 60 6 to 13  N Verbal WM N N [43] 

LD 4 11 to 14  N EF 
 

N Y [44] 

LD 51 10 to 12  N The verbal 
short-term 
memory 

N Y [45] 

ADHD 20 6 to 14  N EF N Y [46] 

SLD  104 8 to 10  Y EF and 
Processing 
skills 

N Y [47] 

LD 30 8 to 15  N WM N Y [48] 

LD 5 8 to 11  N Processing 
skills 

N Y [49] 

ID 7 8 to 15  N WM N Y [50] 

ADHD 30 8 to 12  N WM N Y [51] 

[SES = Socioeconomic Status; ADHD = Attention-Deficit Hyperactivity Disorder; LD=Learning Disorder; 
SLD=Specific Learning Disorder; ID=Intellectual Disability; Y=Yes; N=No] 

Similar profiling of developmental and intellectual functioning in children with NDD might provide 

essential information on its functional domains. Notably, more research and subsequent interventions can 

help reduce the NDD burden [54]. Therefore, there is a felt need to examine WM, its gender differences, 

and the profiling of developmental and intellectual functioning in NDD and TDC, with a backdrop of SES. 
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The Present Study:  

This study attempts to capture WM performance in NDD and TDC. Using a unitary definition of NDD 

that denotes delays/impairment in a child's identified developmental domains is justified for many reasons. 

 The classification of heterogeneous conditions of NDD based on diagnostic manuals such as the 

Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5) [19] and ICD-11 [21] take 

into account particular signs or groups of symptoms observed in patients in a standardized manner 

[55]. Diagnostic distinctions are essential [18]. However, such differences can change depending on 

the given context. They should best reflect the purpose at hand [55]. 

 NDD could be looked at as a dimensional trait, thereby offering more flexibility, both for research 

and clinical practice [55]. 

 Problems of co-morbidity and co-occurrence of many symptom patterns in NDD may exist due to 

shared genetic risks and biological characteristics. This problem might make it challenging to seek 

single patterns of symptoms of a disorder [56]. The same conditions can give mixed patterns of 

symptoms in different children who certainly go against clarity and understanding, especially in 

research [20]. 

 Cognitive deficits such as EF have considerable overlap across various conditions of NDD [57]. 

Therefore, this study has taken NDD to mean neurodevelopmental impairment as an essential aspect of 

liability rather than categorical diagnostic grouping. With this framework of NDD and in the background 

of a high SES, it could be that WM might play an essential role in cognitive development. As per Baddeley's 

multi-component model, we assessed WM and its sub-systems of verbal, visual, and visuospatial 

components in this study [5]. The sample is in the age group of 6-8 years, as findings on improvement in 

neuropsychological functions from early childhood onwards in Indian children is noted [58]. We assessed 

the background measures of development (for the classification of groups NDD and TDC) and intellectual 

functioning. 

The research questions that emerge from the preceding are:  

 Are there deficits in WM performance in children with NDD and the TDC?  

 If deficits are observed between NDD and TDC, what are the similarities and differences between 

them?  

 Are there gender differences in WM performance within the NDD group?  

 What might be the profiles of neuropsychological and behavioral functioning in children with NDD 

and the TDC? 

 

Operational Definitions 

The key terms used in this study: NDD, WM, SES, and neuropsychological functioning are operationally 

defined as under: 

 NDD is any impairment in the developing brain or the CNS originating during the developmental 

period. It is characterized by a delay of three or more months or disturbance in acquiring skills in at 

least two domains: motor, sensory, speech, language, social, cognition, play, and academics. It is 

measured on valid tools. 

 WM is the ability to store and manipulate information for brief periods. It covers verbal and 

visuospatial facets as measured by N-back and spatial span tasks. 

 SES is the child's parental level of education, occupation, annual family income, and total net worth 

as assessed on a standardized contemporary scale. 

 Neuropsychological functioning refers to mental aspects such as general cognitive ability, verbal, 

non-verbal, numerical reasoning, language ability, memory skills, and conceptual thinking. It is 

measured on a valid normative age scale. 

 Behavioural functioning is the specific asset or deficit observable, or measurable actions assessed on 

a standardized behavior assessment tool for the targeted population. 
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METHODOLOGY 

 

We employed a two-group cross-sectional comparative study design and recruited one group of children 

with NDD and the other TDC group.  

Participants: We used a non-probability purposive technique to recruit the participants. A total of 84 

children with each group having 42 children were selected. The age group was 6 to 8 years, with both boys 

and girls. There were 32 boys (76.2 %) and 10 girls (23.8 %) in the NDD group, with 23 boys (64.3 %) and 

15 girls (35.7 %) among the TDC. The following inclusion criteria were used (Table 2).  

 

Table-2 Inclusion criteria for the groups 

Inclusion Criteria for NDD 

 

Inclusion Criteria for TD 

In the age – a group of 6 to 8 

years 

In the age – a group of 6 to 8 years 

Children from high SES families Children from high SES families 

Found to be having a deficit in at 

least two domains and delay of 

three months or more in 

development 

Found to be having no 

deficit/delay in development 

IQ above or equal to 70 IQ above or equal to 70 

Children not on medication for 

NDD or other disorders 

Children not on medication for 

any disorders 

No other medical conditions associated 

with NDD 

No history of 

physical/neurological/medical 

conditions 

[NDD=Neurodevelopmental Disorders, TD=Typically Developing, SES=Socioeconomic Status] 

 

Measures: 

The measures used in the study are divided into two sub-headings, as given below: 

Background (Control) Measures: Parent responded to the child and family demographic information. We 

used the NIMH-SES scale to assess the child's SES [59]. This tool gives an index based on the family's highest 

levels of education, pooled income, type of occupation, and net assets. We included a family SES score of 

16 and above. Along with DSM-5 [19], We used Activity Checklist for Preschool Children with Developmental 

Disabilities (ACPC-DD) [60], a standardized behavior assessment device to assess each child's developmental 

delay. This checklist consists of 400 items distributed evenly across eight behavioural domains relevant to 

children's daily activities affected by NDDs and between 0 to 72 months. There are 50 items each under its 

eight demarcated domains like sensory, gross motor, fine motor, communication, play, pre-academics, self-

help, and cognitive. The examiner gives each item a score on a five-point scale, depending on the assistance 

given to perform that item. The maximum score possible for a child on this tool is 2000. We included 

children with delays in domains of three or more months and at least two domains in the NDD group while 

children with nil developmental delay in the TDC. We chose this test to view the developmental delay 

observed in this age group of children with NDD. We used the same test to assess TDC to compare the 

NDD and TDC groups. Binet Kamat Intelligence Scale (BKIS) [61] is a modified version of the Stanford Binet 

Scale measuring the intelligence of Indian children [62]. This age-scale is for 3 to 22 years. Non-verbal, 
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verbal, power, and speed tests are included in BKIS. The 'basal age' is the highest age level below which all 

test items are passed, and 'ceiling age' is where all items are failed. The examiner calculates mental age by 

adding appropriate credits to every test's basal age beyond the basal level. The Intelligence Quotient (IQ) is 

computed as a percentage product of MA over CA. A profile analysis of BKIS test performance helps to 

understand the pattern for each subject. Profiles depict various neuropsychological functional domains like 

language, conceptual thinking, numerical and non-numerical reasoning, visuomotor ability, non-verbal 

reasoning, and social intelligence [63, 64]. We included all children above an IQ score of 70.  

WM measures: WM measures were administered on both the groups in random order as provided from the 

table of random sets generated using computer software [65]. N-back and Spatial span tasks were 

incorporated to measure verbal and visuospatial components of WM. The N-back task is commonly used as 

an assessment in cognitive neuroscience to measure a part of working memory and working memory 

capacity. The N-back task captures the active part of working memory [66]. The spatial span task has many 

variations. It is a non-verbal counterpart to the digit-span task. Its roots are traced to the Knox cube imitation 

test [67]. When used with many blocks, this task is called the Corsi Block tapping test [68]. Some intelligence 

tests, such as the revised Stanford Binet (SB-5), call it the Block-span task [69]. 

Verbal WM: The 1-back and 2-back verbal [70] tasks consist of 30 consonants common to Indian languages. 

They would be presented locally at the rate of one consonant per second. Out of 30, 9 of them are repeated 

in the list randomly interspersed. In the 1-back task, the participant taps his/her dominant hand on the table 

if the examiner repeats the consonant consecutively. In the 2-back task, the participant responds by tapping 

the table if the examiner repeats the consonant after an intervening consonant. 

Visuospatial WM: We assessed visuospatial WM using Visual n-back tasks and Spatial Span tasks.  These 

tasks are from the NIMHANS Child Neuropsychological Battery [71]. In 1 and 2 back tasks, there are 36 

cards of the same dimensions, with a black dot placed randomly in the card, again of the same dimension 

throughout. In the 1-back task, the participant responds by tapping the table if the dot repeats itself in the 

same location, consecutively. In the 2-back task, the participant responds if he/she sees the dot at the same 

location after one intervening random card. The number of correct responses (accuracy) and errors in both 

tests (verbal and visual) form a score. In the Spatial Span task, four cubes are arranged in a row with 1 inch 

in between, with the examiner tapping using the fifth cube for different sequences. The child is required to 

repeat the sequence as tapped by the examiner. The sequences are both forward and reverse, and the 

accuracy scores are the number of correct sequences tapped for both the conditions. 

Procedure: All children were recruited with the parents' written consent and complied with the ethical rules 

[72]. The period of collection of the data was from May 2019 to November 2019. We recruited children for 

the NDD group from special education therapy centres, child development clinics, and multispecialty clinics 

of Bangalore city, Karnataka, India. Figure 1 depicts the flow diagram of the final sample included in the 

NDD group. For the recruitment of TDC, we contacted the families using the snowball technique of 

sampling. We visited housing communities and schools in Bangalore city, Karnataka, India. The authors 

used a computer coded and amenable data intake and record sheet for every child to facilitate ease of scoring 

and administration of the measures. The children were all assessed in well-lit rooms of either the clinics or 

their homes in one to two sessions of 50 minutes each by the author, who has a Rehabilitation Council of 

India (RCI) approved pre-doctoral qualification in clinical psychology. 

 

STATISTICAL ANALYSIS 

 

The results were analysed using the Statistical Package for Social Sciences (SPSS version 23.0) [74]. We 

screened the data for normality using Shapiro Wilk's test, and depending on the obtained results, parametric 

(normal distribution) and non-parametric (skewed distribution) tests were conducted to infer appropriately. 

 

RESULTS  

 

We present the results of the study under the following four distinct but interrelated headings about WM in 

TDC and NDD groups: (a) Sample characteristics; (b) Distribution of WM scores; (c) Gender differences in 

WM scores in NDD group; and (d) Domain analysis of neuropsychological and behavioural functions. 
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Figure 1: Flow Diagram of the sample included in the NDD group Adapted [73] 

 

 
 

Sample Characteristics 

A perusal of demographic characteristics of the sample (Table 3) depicts the demographic and clinical 

features of the children from the NDD and TD groups. The children are similar in their chronological age 

range (p: >.05). However, they appear to vary by education, IQ, and developmental scores (p: <.001). The 

children of the NDD group (N:42), to a more considerable extent, were in upper kindergarten (35.7%) and 

first grade (31%), while the children of the TDC group (N:42) were in their Grade II (50%) in their current 

level of education. Many of the NDD group children were studying a grade less than their peers in the TDC 

group. The groups' probability results for the IQ and developmental scores depict significant differences (p: 

<.001). NDD was, on average, in the below-average category of intellectual functioning with a significant 

delay in development. 
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Table 3: Demographic characteristics, IQ and developmental scores for the groups (N = 84) 

      

Demographic Characteristics  

NDD 

(n=42) 

      TDC                   

        (n=42) 

            

 

p* 

 f% Mean 

 

SD 

 

f% Mean  SD 

Age 
 

6.72 .83 
 

6.70 .51 .94 

Education Level 

Lower Kindergarten 7.1  
 

0 
 

Upper Kindergarten 35.7 4.8 

First Grade  31 35.7 

Second Grade 16.7 50 

Third Grade 9.5 9.5 

Intellectual Functioning 
 

82.50 9.98 
 

113.07 14.99 .000** 

Developmental Scores 
 

1314.05 273.21 
 

1967.55 25.89 .000** 

SES Scores  19.88 .33  19.98 .15 .09 

[*Probability obtained using t-test statistic; **Significant at p<.001 level] 

 

Distribution of WM scores 

Each N-back task has the accuracy scores (number of correct responses), omission, and commission errors. 

Omission errors take place when the child fails to give an accurate response to a correct stimulus. 

Commission errors occur when a child gives an incorrect response to a wrong stimulus. The distribution for 

WM scores presented across span test forward and backward, 1-back as well as 2-back task conditions for 

both these types of errors shows consistently at least twice or even thrice as much better performance by 

children with NDD to TDC (Table 4). Thus, we answer the first research question about evident deficits in 

WM performance of children with NDD vis-a-vis age and SES matched TDC (p<.001). 

The next level analysis of accuracy scores depicts higher median scores for verbal 2 tasks with the lowest scores 

on the TDC's visual 1 task. Inter-quartile Range (IQR) on all three tasks, viz., verbal, visual, and spatial 

span, indicates substantial TDC variations. The children with NDD portray a different picture. The IQR's 

for all the tasks are smaller than the TDC. The highest median is noticed for the verbal 1 and span forward 

task and the lowest for the visual 2 tasks. In short, the results indicate that the TDC outperformed the NDD 

group in all the WM tasks. The analysis of errors, both omission, and commission, is deemed necessary when 

using N-back tasks [75]. Once again, we see that the two groups differ significantly for all N-back tasks (p: 

<.01). Omission errors, more than commission errors, are observed in the NDD group almost by three to 

four times as compared to TDC. The mean ranks for commission errors are almost identical for both groups. 

The analysis of effect size usually restricted to studies on meta-analysis and intervention outcomes [76], was 

attempted in this study as a descriptive value. It was calculated by hand using the formula given by Siegel 

and Castellan in 1988 [77]. We observed a noticeable impact on WM in the NDD group for the verbal 1 

task, its omission errors, and the span task. A moderate effect was observed in visual N-back tasks while a 

little impact was observed in the verbal 2 task, visual 1 task, and their errors, respectively, from the NDD 

group. Sometimes, studies suggest estimating the probability of superior (PS) outcome for intervention-based 
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studies [78] where they compare pre and post data. They are attempted in this study purely for its descriptive 

value, and they doubly confirm the same results as from the effect size. 

       

Table 4: Distribution of WM scores for NDD and TDC (N=84) 

 

 

       WM Scores 

NDD (n=42) TDC (n=42)  

     p* 

 

𝜼2 

 

PS Mean 

Ranks  

IQR Median Mean 

Ranks  

IQR Median  

Verbal 1-back Accuracy 

Score  

22.64 2.00 2.00 62.36 2.00 8.00 .000*** .68 .69 

Verbal 1-back Omission 

Errors  

62.61 2.00 7.00 22.39 2.00 1.00 .000*** .68 .69 

Verbal 1-back 

Commission Errors 

46.46 2.00 1.00 38.54 2.00 1.00  .185 - - 

Verbal 2-back Accuracy 

Score  

22.95 2.00 1.00 62.05 5.00 10.00 .000*** .65 .68 

Verbal 2-back Omission 

Errors  

62.61 2.00 17.00 22.39 2.00 1.00 .000*** .65 .68 

Verbal 2-back 

Commission Errors 

50.71 3.00 1.00 34.29 4.25 5.00  .001** .12 .53 

Visual 1-back Accuracy 

Score  

29.32 1.25 1.00 55.68 4.25 4.00 .000*** .30 .58 

Visual 1-back Omission 

Errors  

55.86 1.25 8.00 29.14 3.00 2.00 .000*** .30 .58 

Visual 1-back 

Commission Errors 

42.75 3.25 2.00 42.25 2.00 2.00  .924 - - 

Visual 2-back Accuracy 

Score  

28.08 1.00 0.00 56.92 3.00 7.00 .000*** .35 .60 

Visual 2-back Omission 

Errors  

57.35 1.00 9.00 27.65 2.00 2.00 .000*** .38 .61 

Visual 2-back 

Commission Errors 

38.21 3.00 1.00 46.79 1.25 4.00  .101 - - 

Span Test Forward 

Accuracy 

25.86 1.00 2.00 59.14 2.00 2.00 .000*** .48 .63 

Span Test Backward 

Accuracy 

28.06 .25 .00 56.94 3.00 5.00 .000*** .40 .61 

Span Test Total 

Accuracy 

25.18 2.00 2.00 59.82 5.00 8.00 .000*** .52 .64 

[p* = probability obtained using non-parametric test (Mann-Whitney U Test statistic) and 𝛈2 = Eta square depicting 

effect size obtained for non-parametric test; ** Significant at p < .01 level; ***Significant at p<.001 level; WM = 

Working Memory; IQR = Interquartile range; PS = Probability of Superior Outcome] 

 

Gender Differences in WM scores in NDD group 

The analysis of gender differences in WM for children with NDD did not yield significant differences (p: 

>.05; Table 5). The mean ranks on girls' accuracy scores are better than boys, indicating their slightly better 

performance on all WM tasks. The variability of their accuracy scores is greater than boys. We observed the 

mean ranks of omission and commission errors to be fluctuating in both groups. We also note that the sub-

sample size of boys and girls are unequal. Thus, our answer to the second research question is that there are 

no gender differences in WM performance of children with NDD, matched for SES (p>.05). 
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Table 5: Gender distribution of WM scores for NDD group (n=42) 

 

 

       WM Scores 

Boys (n=32) Girls (n=10)  

p* Mean Ranks  IQR Median Mean 

Ranks  

IQR Median  

Verbal 1-back Accuracy Score  20.31 2.00 2.00 25.30 1.75 2.00 .25 

Verbal 1-back Omission Errors  22.59 2.00 7.00 18.00 1.75 7.00 .29 

Verbal 1-back Commission Errors 20.22 2.00 1.00 25.60 2.50 2.00 .21 

Verbal 2-back Accuracy Score  20.08 2.00 1.00 26.05 1.50 2.00 .16 

Verbal 2-back Omission Errors  23.02 2.00 17.00 16.65 1.50 16.00 .13 

Verbal 2-back Commission Errors 20.14 2.00 1.00 25.85 4.25 3.00 .18 

Visual 1-back Accuracy Score  19.73 1.00 1.00 27.15 3.50 2.00 .08 

Visual 1-back Omission Errors  23.27 1.00 8.00 15.85 3.50 7.00 .08 

Visual 1-back Commission Errors 19.28 3.00 2.00 28.60 3.50 3.50 .30 

Visual 2-back Accuracy Score  20.81 1.00 0.00 23.70 2.00 0.00 .43 

Visual 2-back Omission Errors  22.19 1.00 9.00 19.30 2.00 9.00 .43 

Visual 2-back Commission Errors 19.83 3.00 1.00 26.85 9.25 2.00 .10 

Span Test Forward Accuracy 20.83 1.00 2.00 23.65 2.25 1.50 .34 

Span Test Backward Accuracy 20.55 0.75 0.00 24.55 0.25 0.00 .86 

Span Test Total Accuracy 21.64 1.00 2.00 21.05 3.25 1.50 .51 

[*p = probability obtained using non-parametric test (Mann-Whitney U test statistic) and 𝛈2 = obtained for non-

parametric test; WM = Working Memory; IQR=Interquartile range] 

 

Domain analysis of neuropsychological and behavior functions 

The next research question was about uncovering the profiles of neuropsychological and behavior functions 

for children with NDD and the TDC. On the whole, the overall, as well as individual domain-wise 

performance of TDC, is superior to children with NDD across all the neuropsychological functional 

domains as assessed on by profile analysis on BKIS (p<.01; Table 6; Figure 2) as well as the behavioral 

domains of ACPC-DD (p<.01; Table 7; Figure 3). 

 

Table 6: Comparative mean and SD mental age scores of samples on functional domains of BKIS (n=42) 

 

Functional Domains TDC NDD  

p*  Mean  SD Mean  SD 

Language  7.29 1.75 5.74 1.25 .000*** 

Meaningful Memory 7.25 1.86 4.36 1.85 .000*** 

Non-Meaningful Memory 7.45 1.58 4.29 1.50 .000*** 

Conceptual Thinking 7.26 1.99 5.46 1.83 .000*** 

Non-verbal Reasoning 5.30 3.09 3.19 2.80  002** 

Numerical Reasoning  7.61 1.21 5.83 1.84 .000*** 

Visual-Motor Ability 7.02 0.81 4.69 2.52 .000*** 

Social Intelligence 7.57 1.08 5.19 1.18 .000*** 

Overall  7.09 1.67 4.84 1.85 .000*** 

[* probability using Mann-Whitney test; **p<.01; ***p<.001] 
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Table 7: Comparative mean and SD scores of samples on behavioral domains of ACPC-DD (n=42) 

 

Behavioral Domains TDC NDD  

p*  Mean  SD Mean  SD 

Sensory  217.41 17.90 248.52 1.89 .000** 

Gross Motor  193.41 31.69 246.57 3.14 .000** 

Fine Motor  163.67 40.91 241.57 6.62 .000** 

Communication  173.07 40.96 245.55 4.53 .000** 

Play  167.17 41.87 247.29 3.20 .000** 

Cognitive  113.62 47.44 247.29 6.53 .000** 

Pre-academics 121.64 61.73 246.52 3.58 .000** 

Self-Help 157.05 50.34 246.57 3.23 .000** 

Overall  163.38 46.61 246.24 4.09 .000** 

[* probability using Mann-Whitney test; **p<.001] 

 

Figure 2: Distribution of domains for each of the groups 

 

 
 

[NDD=Neurodevelopmental Disorders; TD=Typically Developing; Developmental Domains are Sensory, Gross Motor, 

Fine Motor, Communication, Play, Cognitive, Pre-academic, and Self-help skills] 

 

Figure 3: Distribution of intellectual functioning domains between the groups 

 

 
[NDD=Neurodevelopmental Disorders; TD=Typically Developing; Lang = Language; M.M = Meaningful Memory; 

Non-M.M = Non-Meaningful Memory; Con.Thn = Conceptual Thinking; Non-V.R = Non-Verbal Reasoning; V.R = 

Verbal Reasoning; N.R = Numerical Reasoning; V.M.A = Visuo-Motor Ability; S.I = Social Intelligence] 
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On the BKIS, for instance, the profile shows consistently high scores across language, non-verbal reasoning, 

meaningful and non-meaningful memory, conceptual thinking, visual-motor ability, and social intelligence. 

We have omitted verbal reasoning since it does not developmentally fall within the age range of children 

recruited for this study. Likewise, the NDD group of children appears to be affected more in the domains of 

cognition and pre-academic, less in communication, play, self-help skills, and least affected in the sensory 

and gross motor domains, as evidenced by ACPC-DD. The mean scores of cognitive and pre-academic 

domains are twice as high for the TDC than the NDD group. A comparative profile analysis of performance 

on BKIS (Figure 3: Table 7) as a measure of neuropsychological functions consistently indicates superior 

performance, higher mental age, and IQs by TDC against children with NDD across all areas including 

language, meaningful and non-meaningful memory, conceptual thinking, non-verbal reasoning, numerical 

reasoning, visuomotor ability, and social intelligence respectively. These findings confirm two distinctive 

levels of profiles in children's neuropsychological functions with NDD and the TDC. 

 

DISCUSSION 

The first research question was to see for significant differences in WM between the two groups of children. 

The present data provided evidence for the differences in WM between children with NDD against their 

age, and SES matched peers in TDC. A profile analysis of neuropsychological and behavioural functioning 

shows a consistently high and better TDC performance compared to children with NDD. In a related study 

on 9-10-year-olds from three groups: one with above-average levels of IQ with Autism, ADHD, and TDC 

were compared for their EF using the Behavior Rating Inventory of Executive Function (BRIEF). There 

was clear evidence on the deficits in verbal WM in the children with ASD and ADHD compared to the 

TDC. However, this study did not find differences in the visuospatial WM [79, 80]. Further, they found no 

significant impairments in their clinical groups.  

The patterns of impairment overlapped that it lent support to the unitary approach towards NDD, as 

postulated in our present study. Henry and Botting [81] found WM deficits in children with developmental 

language impairment. Similar support for our study is put by Englund, Decker, Allen, and Roberts [82]. 

They examined a mixed clinical group of ADHD, ASD, and TDC in 4-18 years for specific cognitive 

abilities. Their results depicted that the TDC separated both clinical groups on WM deficits. They found 

verbal WM and visuomotor integration scores to be the best discriminating measure between these children. 

Specific domain deficits such as language, learning, self-help skills, and motor impairments provide us with 

several study outcomes to discuss WM results obtained in our study. For example, many studies have 

reported WM impairment in children with learning difficulties [9, 83, 84]. Studies have found deficits in 

visuospatial WM in children with arithmetic and learning disabilities [85]. The cognitive and pre-academic 

domains of the NDD group (Figure 3) are similarly impaired in our study, thereby pointing to learning 

problems in these children.  

Findings report IQ as a dissociable cognitive skill from WM, especially in learning outcomes [86], such as 

academic attainment [87]. Interestingly, self-help skills such as dressing, eating, and bathing could be 

impaired due to WM deficits hampering their execution [88]. Spatial WM deficits are observed in ASD [89, 

90], while verbal deficits have been observed in SLI [91] and learning difficulties at school [9]. Many studies 

have surfaced in the last decade on children with varied developmental impairments due to lower gestational 

ages' etiology. Sparse learning, occupational outcomes, higher motor impairments, and reduced cognitive 

functioning have been found in children born very preterm [92]. They were susceptible to attentional and 

poor verbal WM [93]. A missing link in the present study to explain the WM-IQ deficit in the NDD group 

could be the children's processing speed. Speed and intelligence at different ages of childhood are correlated 

[94]. Slow processing speed impacts a wide range of cognitive functions, such as EF and attention [87]. 

Children with WM deficits would also be slower to respond to several tasks [95]. 

Hence this could be one explanation for the current findings and needs to be explored. The type of 

assessment used to measure WM also needs evaluation. N-back assessments, which have repeatedly been 

used in various formats, rely on motor speed and information processing speed, rather than only WM [96]. 

This study has observed that the number of commission and omission errors is more for the NDD group 
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than the TDC, especially in the 2-back tasks. An increase in memory load as each difficulty level increases 

could be a reason. This increase demands more mental strategies (for 1-back = maintenance, 2-back = 

maintenance + monitoring, and so on) from the participant to complete the task at hand [97]. Although we 

found no significant differences in commission errors for verbal 1 and visual 1 and 2 tasks, indicating both 

groups being similar in their response to inhibit unnecessary items. 

This study's second research question was to check any gender differences in children with NDD on WM 

measures. This question is supported negatively. A reason for such a finding could be proper gender 

matching not done in this study. The boys are three times more than the girls in this sample. Such unequal 

and small sub-sample sizes could probably be the reason [98]. Brain activation studies report gender 

differences in WM with varying typical populations. Studies show mixed results in adults and adolescents 

[98, 99, 100]. A few studies on TDC depict lower accuracy scores and more commission errors in boys' N-

back task than girls from the age group of 6-8 years [101]. By contrast, Leon, Cimadevilla and Tascon [102] 

found boys outperforming girls in the age group of 6 to 8 years on computerized and classic psychometric 

assessments of spatial WM. A few studies found no gender differences in verbal and visuospatial WM tasks 

between 4 to 11 years [7]. Gender differences in the presentation and prevalence of a few NDD are reported 

[31, 24], but cognitive functions are far and few. With few studies on clinical samples of children evaluating 

gender differences, the available findings are inconsistent. For example, in a study on ADHD children and 

TDC by Munoz-Suazo, Navarro-Munoz, Diaz-Roman, Porcel-Galvez and Gil-Garcia [103], many 

cognitive functions separated the two groups of children. Nevertheless, they found no significant difference 

between boys and girls in WM and processing speed. In contrast, Nyden, Hjelmquist, and Gillbery [104] 

found that in 17 boys and girls with ASD, boys did better on measures of EF, especially visuospatial skills, 

than girls. Another study depicts similarities in boys' and girls' verbal profile, while no significant differences 

emerged in the non-verbal domain of neuropsychological assessment [105]. One reason for different 

conclusions in EF could be that the strategies employed by both genders are supported by different 

neurobiological mechanisms, though the ability is the same [106]. 

The third research question was to delineate the differences in neuropsychological and behavioral functioning domains 

in children's two groups. Many studies attempting to profile the functional skills in NDD [107, 108] have 

elicited the same patterns as derived in this study (Figure 3). For example, Mouga, Almeida, Cafe, Duque 

and Oliveira [109] profiled the adaptive skills of ASD versus other NDD group children between 6 to 18 

years to find lower scores on all the domains assessed-communication, socialization, daily living skills and 

a composite measure of all the adaptive behaviors. Similar lowered ratings were reported in children between 

9 to 10 years with ASD and ASD + ADHD as compared to their matched TDC [88]. Another prospective 

study on a cohort of 3-year-old children diagnosed with NDD who were later assessed again at age 7 on the 

same scales reported lower scores on all the domains such as personal-social, adaptive, fine, and gross motor 

skills, motor, and communication skills [110]. Researchers suggest interpreting these results with caution as 

a slow rate of progress vis-a-vis TDC rather than a stagnant development stage in children with NDD [107]. 

Profile analysis of neuropsychological and behavioral functions provides a better understanding of which 

group differs in that area rather than looking at a gross IQ score alone.  

Mouga et al. [111] found results along similar lines. They compared the ASD group and other children with 

NDDs on an intellectual profile and discussed their influences. They found distinct profiles for all the clinical 

groups. Such profiles would assist a clinician in remediating the child and psychoeducation of the family 

[110]. The finding in this study on lowered IQ scores in the NDD group compared to the TDC is 

corroborated by several others [112-113]. Frith and Happe [114] argued that low IQ could be a 

developmental consequence of brain damage. 

The present study has selected children above an IQ of 70 for two reasons. Firstly, to have reasonably 

homogenous groups using the cut-off of 70 instead of directly trying to match/co-vary IQ or other IQ 

covariates. There are reports that otherwise, a distortion of difference may appear between the experimental 

and control groups [115]. Second, we wanted to avoid the possibility of "double vulnerability" [116] of NDD 

with comorbid or co-occurring disorders of intellectual development [117]. 

This study has also intentionally attempted to control the socio-demographic characteristics associated with 

IQ in this sample, such as parental occupation, parental education, and income. These variables are highly 

correlated with IQ [25] and may indirectly account for differences in the outcome variable. Considering the 
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association between WM and IQ in NDD, one study with a clinical sample of ADHD suggests that group 

differences found in the IQ scores could be due to differences in cognitive abilities like WM, rather than just 

intellectual functioning [82]. Another study on 5-year-olds and 8-year-olds with epilepsy observed a 

significant correlation between WM and IQ [118]. WM for children with NDD has a researcher thinking 

about different diagnostic categories, segregated development domains with varying underlying 

mechanisms. All this makes the formulation of one conclusion challenging if not difficult. We could describe 

our study’s outcomes at many levels, like the domain impairments, IQ, and functions, other cognitive 

abilities such as processing speed and choosing a valid neuropsychological task for measurement. 

 

CONCLUSION 

 

NDDs can impact the child, their family, academic achievements, education, play, peer or social 

relationships, and cognitive functioning. WM happens to be the most apparent neuropsychological function 

that is affected by these children. There appear to be no gender differences in this predicament, as seen in 

children from matched high-SES in India's metropolitan city. 
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