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ABSTRACT
Objectives: The underlying etiology and the correct denomination of listening difficulties in children 
is a widely discussed subject. The discussion focuses on whether difficulties listening in complex 
situations, despite normal pure-tone sensitivity, are due to a truly auditory disorder and should thus be 
termed Auditory Processing Disorder (APD). Recent evidence suggests that top-down processes, such 
as attention, memory and language skills, have a substantial impact on the listening skills of children. 
However, the exact impact of top-down processes in listening difficulties (LiD) is unclear so far. Therefore, 
the aim of this study is to evaluate the influence of top-down cognitive processes on the perceived 
listening problems in children aged 8 to 12 years.

Design: In an exploratory case-control study we examined 9 children with reported LiD, without the 
presence of any other diagnosed neurodevelopmental disorder, and 21 typically developing children (TD), 
ages 8.0 to 12.0 years. The parents of all children completed questionnaires about the case history of 
the child, behavioral symptoms of attention deficit hyperactivity disorder and communication skills. The 
teachers of the children completed the Children’s Auditory Processing Performance Scale. The children 
themselves were assessed for auditory processing abilities, nonverbal intelligence, working memory, and 
auditory and visual attention.

Results: Significant differences between groups have been found on all questionnaires used in this 
study. Parents of children with LiD reported difficulties in communication (p < .001) and indicated that 
their children exhibit behavioral symptoms of ADHD (p = .003). Teachers assessed the children of being 
at-risk for listening difficulties (p < .001). Furthermore, children with reported LiD performed significantly 
worse on tests of working memory (p < .001), visual focused attention (p < .001), and auditory focused 
attention (p = .001) compared to the control group. The performance of TD and LiD children did not 
differ significantly on tests of intelligence, hearing and auditory processing. 

Conclusions: The problems of children with listening difficulties do not seem to be related to auditory 
processing difficulties. Instead, the reported LiD appears to be related to problems in cognitive skills such 
as working memory and attention. The results of our study provide further support for the hypothesis 
that listening difficulties in children are related to top-down cognitive processes; attention, memory and 
language skills seem to play an important role in listening. In addition, our study showed that symptoms 
of LiD cannot solely be attributed to one specific deficit, such as working memory or attention. Instead, 
the symptoms of children with LiD seem to reflect a complex relationship between skills in auditory, 
visual, cognitive and language domains. Further investigation in a larger group of children with LiD is 
necessary to confirm these results.
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INTRODUCTION 
To date, there is a strong debate among scientists and clinicians about the possible underlying etiology 
and the explanatory mechanism for listening difficulties (LiD) in children (Cacace & McFarland, 2009; 
DeBonis, 2015; Moncrieff, 2017; Wilson, 2018; de Wit et al., 2018b; Moore, 2018). Children with LiD 
have problems with listening and understanding speech in particularly noisy environments, such as in 
the classroom. From previous research, we know that children with LiD experience difficulties related to 
auditory and visual functioning, cognition, language and reading skills, that the reported LiD are not due 
to poor hearing sensitivity, and that LiD are more common in boys than girls (Chermak & Musiek, 1997; 
de Wit et al., 2016). 

Two professional working groups (American Speech-Language-Hearing Association [ASHA], 2005; 
American Academy of Audiology [AAA], 2010) concluded that there is sufficient evidence to suggest that 
LiD in children are auditory in nature and originate in the central auditory nervous system (Chermak & 
Musiek, 2011; Bellis et al., 2013). Contrary to this, there is the view that LiD in children include significant 
processing beyond the central auditory nervous system, especially in systems that are specialized for 
language and attention, and that the listening difficulties in children do not have a purely auditory deficit 
as a nature (Moore et al., 2013; British Society of Audiology [BSA], 2018). 

The underlying mechanisms of LiD are not well understood and different approaches to LiD in children 
exist (Wilson, 2018). One of this approach argues that LiD is a disorder or shortcoming in the bottom-up 
sensory processing of sounds in the primary auditory nervous system, which cannot be explained by 
higher order language or cognitive deficits, or so called top-down multimodal cognitive processing 
(Moore, 2012; Wilson, 2018). From this approach, the LiD is explained by a so-called Auditory Processing 
Disorder (APD). Contrary to this, is the approach that LiD are caused by a continuous interaction 
between both bottom-up sensory processes and top-down cognitive processes and that there is no 
evidence for a deficit in the primary auditory nervous system or a purely APD (Wilson, 2018; Moore, 
2018). In this approach deficits in multimodal cognitive processes affect the bottom-up processing of 
auditory information in the auditory system (Wilson 2018). To reconcile these two approaches, Wilson 
(2018) proposed to consider the concept of APD as a spectrum disorder spanning from bottom-up 
sensory processing to the top-down cognitive processes. This approach has also been proposed by others 
(Bishop & Snowling, 2004; Pennington, 2006; Bishop & Rutter, 2008; Wallach, 2011; Moore et al., 
2013; Moore & Hunter, 2013; Vermiglio, 2016). Due to the different approaches, one of the prevailing 
questions in the area of audiology and speech-language pathology is whether APD can be regarded as 
a valid diagnosis for children experiencing LiD (Dawes & Bishop, 2009; Vermiglio, 2014; DeBonis, 2015; 
Moncrieff, 2017; Keith et al., 2018; Illiadou et al., 2018; Moore, 2018; Illiadou & Kiese-Himmel, 2018; de 
Wit et al., 2018b).

Recent evidence suggests that top-down cognitive processes, like attention, memory and language skills 
have a substantial impact on listening (Moore et al., 2010; Dawes & Bishop, 2010; Sharma et al., 2014; 
Gyldenkærne et al., 2014; Tomlin et al., 2015; de Wit et al., 2016; Roebuck & Barry, 2018; Stavrinos 
et al., 2018). In order to be able to listen and understand what is being said, a child must detect the 
speech sound, determine where the speech sound comes from, pick up the speech sound and separate 
it from background noise. In addition to a well-functioning peripheral hearing and proper processing 
of the auditory signal in the central auditory nervous system (bottom-up processing), listening requires 
focus to the speech stimuli and the involvement of memory, intelligence and language skills (top-down 
processing) (BSA, 2011; Moore, 2012). This begs the question as to what extent cognitive abilities and 
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especially attention skills of a child influences listening in children with LiD. Up to date, this question has 
not been answered satisfactorily (for an overview, see Tomlin et al., 2015).

Attention is a cognitive skill and its effect on auditory processing of children gains increasing attention 
in the literature (e.g., Moore et al., 2010; Dawes & Bishop, 2010; Sharma et al., 2014; Tomlin et al., 
2015; Roebuck & Barry, 2018; Stavrinos et al., 2018). Attention functions are part of many processes of 
perception, memory, planning and acting and also play a role in speech production and reception, spatial 
orientation and problem-solving. Attention functions are basic skills that are required in almost every 
practical or intellectual activity (Schuhfried, 2006). Focused and sustained attention (i.e., alertness) are 
essential elements of attention. Alertness is essential for a fast and efficient response to stimuli and can be 
seen as part of sustained attention (Oken et al., 2006; Thiel & Fink, 2007). Focused attention is a direct 
manifestation of capacity limitations and the fact that people cannot simultaneously process an infinite 
amount of information (Cohen, 2014). In complex listening situations, like listen in the presence of 
background noise, auditory attention plays an important role. The listener should focus attention on the 
target information, shift the focus between different information sources on the basis of their relevance 
and stay alert (Fritz et al., 2007; Sharma et al., 2014; Tomlin et al., 2015).

Previous studies showed an association between LiD and limited sustained attention, both in the 
auditory and visual modality (Gyldenkærne et al., 2014; Barry et al., 2014; Tomlin et al., 2015; de Wit 
et al., 2016; Roebuck & Barry, 2018; Stavrinos et al., 2018). The findings of the study of Stavrinos et al. 
(2018) showed that a subgroup of children with an APD diagnosis demonstrates underlying sustained 
and divided attention deficits. These attention deficits appear to be centered around the auditory 
modality, but according to Stavrinos et al. (2018), further research into the different types of attention 
in both the auditory and visual modalities is warranted. However, there is a complex inter-relationship 
between attention and listening, whereby strengths or weaknesses in the linguistic domain interact with 
the ability to sustain attention (Roebuck & Barry, 2018). The exact interrelationship and the extent to 
which cognitive skills, such as auditory and visual attention skills, memory, intelligence and language skills 
of a child, precise affects the listening in children is unclear so far. 

In sum, there is a pressing need to understand the overt characteristics of children with reported LiD. 
For this purpose, we investigate whether children with reported LiD differ from typically developing 
children with respect to auditory and visual alertness and focused attention skills, working memory, 
non-verbal intelligence, communication and listening skills. With this study, we contribute to the ongoing 
discussion as to whether reduced top-down cognitive processes contribute to the problems of children 
with LiD. Based on recent literature (e.g., Moore et al., 2010; Sharma et al., 2014; Tomlin et al., 2015; 
de Wit et al., 2016; Roebuck & Barry, 2018; Stavrinos et al., 2018), it is hypothesized that children with 
reported LiD not only score lower on auditory processing behavioral tests and questionnaires, but also on 
attention, memory, and communication behavioral tests and questionnaires. If so, this would support the 
view that top-down mechanisms may also significantly contribute to LiD.

METHODS
This study was approved by the Medical Research Ethics Committee of the University Medical Center 
Groningen, approval No. 2013/487. All parents of the included children provided written informed 
consent. Participating teachers also gave written informed consent. 
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Participants

For this case-control study, we recruited children in the age of 8.0 to 12.0 years with normal pure-tone 
sensitivity and with the clinical representation of listening difficulties (cases) as well as typically developing 
children (controls). The term ‘listening difficulties’ is not an official diagnosis in the Diagnostic and 
Statistical Manual of Mental Disorders-5 (DSM-5; American Psychiatric Association [APA], 2013) or 
International Statistical Classification of Diseases and Related Health Problems-11 (ICD-11; World Health 
Organization [WHO], 2018), but is used to indicate the reported problems of hearing or listening by 
caregiver or professional without knowing the responsible mechanism for the problems (Moore, 2018). 
The participants of the group with clinical representation of LiD were recruited via primary schools in the 
province of Groningen, via speech-language therapists (SLT’s) in private practices in the Northern part 
of the Netherlands, via Dutch Audiological Centers, and via advertisements on the Dutch professional 
website avp.taalexpert.nl/onderzoek. Parents and children were invited to participate if there were 
parental concerns regarding listening. Typical developing children were recruited via primary schools in 
the province of Groningen, via advertisements on the website taalexpert.nl, Social Media (Twitter and 
Facebook), and via word-of-mouth. A child was eligible to participate in the control group if there were 
no parental concerns regarding listening, academic progress and/or learning ability. 

Inclusion criteria for all participants were: -Dutch as first language, -normal hearing and -normal, or 
corrected-to-normal vision, and -no history of neurological diseases or formal diagnosis of attention-
deficit/hyperactivity disorder (ADHD), autism, dyslexia or developmental language disorder (DLD). 
Whether a child met the inclusion criteria was also checked during the start of the study by conducting a 
hearing and visual test and a case history questionnaire. 

Once consent to participate was received, all parents received the Dutch version of Keith’s Auditory 
Processing Difficulties Checklist, see Table 1 (Keith, 2000; Dutch version by Neijenhuis & Stollman, 2003). 
In the current Dutch clinical practice, Keith’s checklist is a widely used tool to detect LiD in children. To 
suspect LiD, a child must exhibit at least four of the eleven symptoms which must be present for at least 
6 months (Neijenhuis, 2003). Based on this checklist completed by parents, children were allocated to 
one of the two groups: (1) Experimental group: children with reported listening difficulties (LiD); (2) 
Control group: typically developing children (TD). In sum, a child was included in the experimental group 
if there were parental concerns regarding listening and when at least four of the eleven symptoms of the 
completed checklist were present in the child’s behavior for at least six months. Furthermore, a child was 
included in the control group if there were no parental concerns regarding listening, academic progress 
and/or learning ability and when less than four symptoms of the completed checklist were present in the 
child’s behavior.    

Thirty-one children signed up for this study. One child, referred by one of the Audiological Centers 
based on parental concerns regarding listening and academic progress, was excluded following the score 
on Keith’s checklist (< 4 symptoms present). The remaining 30 children were included in the study. The 
LiD group consisted of 9 children (7 males and 2 females) with a mean age of 9.5 years (SD = 1.13; 
range = 8.1 – 11.8 years). The TD group consisted of 21 children (7 males and 14 females) with a mean 
age of 9.9 years (SD = 1.13; range = 8.2 – 11.5 years). 
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Table 1. Keith’s Auditory Processing Difficulties Checklist (Keith, 2000; Dutch version by Neijenhuis & 
Stollman, 2003).

Symptom

1. Behaves as if a peripheral hearing loss is present, despite normal hearing.

2. Difficulty with auditory discrimination expressed as diminished ability to discriminate among speech sounds (phonemes).

3. Deficiencies in remembering phonemes and manipulation them (e.g. on tasks such as reading, spelling, and phonics, as 
well as phonemic synthesis or analysis). 

4. Difficulty understanding speech in the presence of background noise.

5. Difficulty with auditory memory, either span or sequence; unable to remember auditory information or follow multiple 
instructions. 

6. Demonstrates scatter across subtests with domains assessed by speech-language and psychoeducational tests, with 
weaknesses in auditory dependent areas. 

7. Poor listening skills characterized by decreased attention for auditory information; distractible or restless in listening 
situations. 

8. Inconsistent responses to auditory information (sometimes responds appropriately, sometimes not) or inconsistent auditory 
awareness (one-to-one conversation is better than in a group).

9. Receptive and/or expressive language disorder; may have a discrepancy between expressive and receptive language skills.

10. Difficulty understanding rapid speech or persons with an unfamiliar dialect.

11. Poor musical abilities, does not recognize sound patterns or rhythms; poor vocal prosody in speech production. 

To suspect auditory processing disorders, a child must exhibit at least four of the eleven symptoms which must be present for at least 6 

months.

Test Protocol 

Table 2 gives an overview of tests used and the order in which the tests were conducted. Pure tone 
audiometry and speech audiometry were assessed using standard audiometric protocols using a calibrated 
Equinox2.0 AC440 PC-based two channel audiometer (Interacoustics) and TDH39 headphones in order 
to confirm hearing within normal limits. Visual acuity was assessed using the Snellen Visual Acuity Test 
(Snellen, 1862). After measuring peripheral hearing and visual acuity, participants proceeded to the 
tests for auditory processing (AP), working memory, nonverbal intelligence, and visual and auditory 
attention. In the five children referred by the two Audiological Centers, the tests for hearing and auditory 
processing had recently been conducted and only the tests with an asterisk in Table 2 were performed. 
During the test session of the children, parents filled in three questionnaires. Subsequently, children’s 
classroom teachers were asked by parents to complete and reply the Children’s Auditory Processing 
Performance Scale (CHAPPS; Smoski et al., 1998). 

Outcome Variables 

Questionnaires · The first questionnaire was a self-developed in-house case history questionnaire to 
ensure children met recruitment criteria and to gather information regarding background, health, overall 
development, and academic, hearing, vision, language, and sensory processing skills. 

The second questionnaire was the Dutch attention deficit hyperactivity disorder questionnaire (ADHD-Q 
[ADHD Vragenlijst (AVL)]; Scholte & Van der Ploeg, 2010), which was used to measure whether and to 
what extent children show behavioral symptoms of ADHD. Parents indicated on a 5-point Likert scale 
to what extent behavioral symptoms of ADHD were present in their child’s behavior in the previous six 
months. The sum of the three subscale scores is the total ADHD score. A higher score corresponds to an 
increasing indication for ADHD-related behavioral symptoms. The rough scores of the three subscales 
and the total score have been converted to a percentile score on the basis of the age-based normative 
data for the general youth population (Scholte & Van der Ploeg, 2010). 
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The third questionnaire was the Dutch version of the Children’s Communication Checklist-2 (CCC-
2-NL; Bishop, 2007, Dutch version: Geurts, 2007). The CCC-2-NL was used to measure children’s 
communication and social interaction skills. Parents indicated how often a behavior was observed. 
Standard scores for the subscales have an average of 10 with a standard deviation of 3. Based on the 
standard scores of the different scales, the composite score: General Communication Composite (GCC) 
was calculated. Standards scores of the subscales and GCC score were converted to percentile scores. 

Teachers of the children were asked to complete the Children’s Auditory Processing Performance Scale 
(CHAPPS; Smoski, et al. 1998; CHAPPS-NL, Dutch version; Neijenhuis & Nijland, 2005). The teacher 
indicated the severity of a child’s listening difficulties compared to the child’s classmates on a 7-point 
scale, ranges from -5 “cannot function at all” to +1 “less difficulty, at six different listening conditions 
(Quiet, Ideal, Noise, Multiple Inputs, Auditory Memory, and Auditory Attention). The average score for 
each listening condition was calculated by dividing the total condition score by the number of items (an 
average condition score between -5 and -1 is an at-risk score). The total score was calculated by the 
sum of all condition scores. A total score between -180 and -12 is an at-risk score and was therefore 
converted to a score below the normal range (Smoski et al., 1992).

Behavioral Auditory Processing Tests · The listening abilities of children under the age of 8.6 years 
were assessed with four subtests of the Auditory Test for Primary School Children [Auditieve Test 
voor Basisschoolkinderen] (Simkens & Verhoeven, 2000). For children older than 8.6 years subtests 
of the Nijmegen Test Battery for Auditory Processing Disorders [Nijmeegse testbatterij voor Auditieve 
Verwerkingsproblemen] (Neijenhuis et al., 2003) were used. The used AP subtests included: (a) 
word-in-noise, (b) filtered speech, (c) binaural fusion, and (d) dichotic listening. Percentage of correctly 
reproduced phoneme scores determined the subtest score. Percentage correct scores were compared with 
the age-related normative data and converted into percentile scores (Simkens & Verhoeven, 2000 and 
Neijenhuis et al., 2003 respectively). A percentile score below 10 was considered to be deviant.

Working Memory Tests · Auditory working memory was assessed using the Working Memory Index of 
the Clinical Evaluation of Language Fundamentals – Fourth Edition – Netherlands (CELF-4-NL; Semel 
et al., 2003; Dutch adaption: Kort et al., 2010). The Working Memory Index was determined with the 
subtests Number Repetition, including the digit span test forward (serial short-term memory) and the 
digit span test backward (working memory), and the subtest Familiar Sequences of the CELF-4-NL. The 
raw scores of both subtests were converted into standard scores (age-based scaled scores), with a mean 
of 10 and standard deviation of 3. The standard score of both subtests together form the total score for 
the working memory index, which was converted to a quotient score, with a normative mean of 100 and 
standard deviation of 15.   

Nonverbal Intelligence Test · The Raven’s Coloured Progressive Matrices (Raven et al., 1986, 1995) of 
the Vienna Test System (Schuhfried GmbH, version 25, 2011), a computerized test battery, was used for 
the non-verbal assessment of general intelligence. The total of correct answers was scored and converted 
to a non-verbal IQ score, with a normative mean of 100 and standard deviation of 15.   
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Table 2. Test battery order, summary of tasks and available norms of the used measurements. 
Measure Test Task Standardization

Audiometric assessment Pure tone audiometry Estimation of pure tone thresholds in each ear at octave intervals 
from 500 Hz to 4000 Hz

Hearing within normal limits ≤20 DB HL bilaterally 

Speech audiometry Monaurally in quiet using phonetically balanced monosyllabic 
words lists for children from standard Dutch speech audiometry 
material (Bosman and Smoorenburg 1992)

Word recognition score of 88% or higher

Visual assessment* Snellen Visual Acuity Test Monocular visual acuity for each eye (with optical correction if 
needed) with a standard Snellen 11-row letter chart at a distance 
of 6 m (20 ft)

Score of 20/25 or better (≥80%) (Kaiser 2009)

Attention* WAF-Alertness visual and 
auditory test 

Reaction time in response to simple visual or auditory stimuli, 
which are presented without a cue

Norms (based on a norm sample of N=270) for children aged 7 to 17 years 

Auditory processing Words-in-Noise Test Monosyllable-words in speech noise, presented monaurally at 
signal to noise ratios -2 dB

Auditory Test for Primary School Children: preliminary norm scores for children aged 6 to 10 years

Filtered Speech Test Filtered monosyllable-words, presented monaurally. A high-pass 
filter (cut- off 3 kHz) and a low-pass filter (cut-off 500 Hz) both 
with a slope of 60 dB/octave were combined

Nijmegen Test Battery for Auditory Processing Disorders: norm scores (based on a norm sample of N=75) 
for children aged 8.6-13.0 (Neijenhuis et al. 2001; 2002)

Binaural Fusion Test Monosyllable words with low-pass filtered speech presented in one 
ear, and simultaneously high-pass filtered speech presented in the 
other ear

Dichotic Word test/
Dichotic Digit test 

Two words with and without contrast per item, free recall 
condition or 6 monosyllable digits (simultaneously 3 left, 3 right) 

Attention* WAF-Focused visual and 
auditory test 

Reaction time in response to relevant visual or auditory stimuli 
against a background of distracting stimuli

Norms (based on a norm sample of N=270) for children aged 7 to 17 years

Auditory Working Memory* CELF-4-NL:
   Digit span forward
   Digit span reverse
   Familiar Sequences 

Repeat sequence of numbers, which increase in length, forward 
and Backward. Enumerate a list of numbers and letters, days of the 
week, counts backward, organize information while being timed

Norms (based on a norm sample of N=1.356) for children aged 5 to 18 years

Nonverbal Intelligence* Raven’s CPM 36 language free matrices with graphic elements, constructed 
according to logical rules, presented in three sets of 12. One 
element in the matrix is missing and must be filled in by choosing 
from number 1 to 6 on the response panel

Percentile ranks and T-score norms of the paper-and pencil form for children aged 4.9 – 12.0 years

Questionnaires* ADHD-Q [AVL] 18-item parental questionnaire, covering 3 subscales: inattention, 
hyperactivity, and impulsivity to measure whether and to what 
extent children show behavioral symptoms of ADHD

Norms (based on a norm sample of N=2.536 (general youth populations)) for children aged 4 to 18 years.

CCC-2-NL 70-item parental checklist over ten subscales for the assessment of 
children’s communication behaviors and social interaction skills 

Norms (based on a norm sample of N=2.580) for children from 4 to 15 years.

CHAPPS 36- item teacher questionnaire with 6 subscales about the listening 
difficulties of a child

No standardized norms. The child’s peer group acts as reference.  

ADHD-Q [AVL], Dutch attention deficit hyperactivity disorder questionnaire (Scholte & Van der Ploeg 2010); Binaural Fusion Test 

(Simkens & Verhoeven 2000; Neijenhuis 2003); CCC-2-NL, Children’s Communication Checklist-2 (Bishop 2007, Dutch version: Geurts 

2007); CELF-4-NL, Clinical Evaluation of Language Fundamentals – Fourth Edition – Netherlands (Semel, Wiig, & Secord 2003; Dutch 

adaption: Kort, Schittekatte & Compaan 2010); CHAPPS, Children’s Auditory Processing Performance Scale (Smoski, Brunt & Tannahill 

1998; Dutch translation by Wiltingh, Neijenhuis, Snik, & Nijland (Neijenhuis & Nijland 2005)); Dichotic Word test (Simkens & 

Verhoeven 2000) / Dichotic Digit test (Neijenhuis 2003); Filtered Speech Test (Simkens & Verhoeven 2000; Neijenhuis 2003); Raven’s 

CPM, Raven’s Coloured Progressive Matrices (Raven, Court & Raven 1986; 1995) of the Vienna Test System (Schuhfried GmbH, 

version 25, 2011); WAFA, Perception and Attention Functions Alertness (Schuhfried GmbH, version 22.00, 2006); WAFF, Perception 

and Attention Functions Focused (Schuhfried GmbH, version 23 – Revision 1, 2008); Words-in-Noise Test (Simkens & Verhoeven 2000; 

Neijenhuis, 2003). 
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Table 2. Test battery order, summary of tasks and available norms of the used measurements. 
Measure Test Task Standardization

Audiometric assessment Pure tone audiometry Estimation of pure tone thresholds in each ear at octave intervals 
from 500 Hz to 4000 Hz

Hearing within normal limits ≤20 DB HL bilaterally 

Speech audiometry Monaurally in quiet using phonetically balanced monosyllabic 
words lists for children from standard Dutch speech audiometry 
material (Bosman and Smoorenburg 1992)

Word recognition score of 88% or higher

Visual assessment* Snellen Visual Acuity Test Monocular visual acuity for each eye (with optical correction if 
needed) with a standard Snellen 11-row letter chart at a distance 
of 6 m (20 ft)

Score of 20/25 or better (≥80%) (Kaiser 2009)

Attention* WAF-Alertness visual and 
auditory test 

Reaction time in response to simple visual or auditory stimuli, 
which are presented without a cue

Norms (based on a norm sample of N=270) for children aged 7 to 17 years 

Auditory processing Words-in-Noise Test Monosyllable-words in speech noise, presented monaurally at 
signal to noise ratios -2 dB

Auditory Test for Primary School Children: preliminary norm scores for children aged 6 to 10 years

Filtered Speech Test Filtered monosyllable-words, presented monaurally. A high-pass 
filter (cut- off 3 kHz) and a low-pass filter (cut-off 500 Hz) both 
with a slope of 60 dB/octave were combined

Nijmegen Test Battery for Auditory Processing Disorders: norm scores (based on a norm sample of N=75) 
for children aged 8.6-13.0 (Neijenhuis et al. 2001; 2002)

Binaural Fusion Test Monosyllable words with low-pass filtered speech presented in one 
ear, and simultaneously high-pass filtered speech presented in the 
other ear

Dichotic Word test/
Dichotic Digit test 

Two words with and without contrast per item, free recall 
condition or 6 monosyllable digits (simultaneously 3 left, 3 right) 

Attention* WAF-Focused visual and 
auditory test 

Reaction time in response to relevant visual or auditory stimuli 
against a background of distracting stimuli

Norms (based on a norm sample of N=270) for children aged 7 to 17 years

Auditory Working Memory* CELF-4-NL:
   Digit span forward
   Digit span reverse
   Familiar Sequences 

Repeat sequence of numbers, which increase in length, forward 
and Backward. Enumerate a list of numbers and letters, days of the 
week, counts backward, organize information while being timed

Norms (based on a norm sample of N=1.356) for children aged 5 to 18 years

Nonverbal Intelligence* Raven’s CPM 36 language free matrices with graphic elements, constructed 
according to logical rules, presented in three sets of 12. One 
element in the matrix is missing and must be filled in by choosing 
from number 1 to 6 on the response panel

Percentile ranks and T-score norms of the paper-and pencil form for children aged 4.9 – 12.0 years

Questionnaires* ADHD-Q [AVL] 18-item parental questionnaire, covering 3 subscales: inattention, 
hyperactivity, and impulsivity to measure whether and to what 
extent children show behavioral symptoms of ADHD

Norms (based on a norm sample of N=2.536 (general youth populations)) for children aged 4 to 18 years.

CCC-2-NL 70-item parental checklist over ten subscales for the assessment of 
children’s communication behaviors and social interaction skills 

Norms (based on a norm sample of N=2.580) for children from 4 to 15 years.

CHAPPS 36- item teacher questionnaire with 6 subscales about the listening 
difficulties of a child

No standardized norms. The child’s peer group acts as reference.  
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Auditory and Visual Attention Tests · Auditory and visual attention was examined with the subtest 
Alertness and the subtest Focused attention of the Perception and Attention Functions test battery 
[WAF; Wahrnehmungs- und aufmerksamkeitsFunktionen] of the Vienna Test System (Schuhfried 
GmbH, Austria) with both an auditory and visual task. Children could choose a comfortable listening 
level and completed the tasks via the response panel. For each subtest, an instruction phase and a short 
practice phase preceded the actual test phase. The Perception and Attention Functions test involved the 
measurement of mean reaction time and the number of errors (omissions and false positives) in response 
to visual or auditory stimulus material.  Alertness (attention activation) was examined with the Intrinsic 
Visual Test and the Intrinsic Auditory Test of the Perception and Attention Functions-Alertness subtest 
(WAFA; Wahrnehmungs- und aufmerksamkeitsFunktionen Alertness; Schuhfried GmbH, version 22.00, 
2006). In the Alertness Intrinsic Visual Test, black circles appeared, without a warning signal, for 1500 
ms on the computer screen. In the auditory variant, the signal was a 1kHz tone for 1500 ms. Between 
the signals there was an inter-stimulus interval of 3-5 seconds. The participant was instructed to react as 
quickly as possible when seeing or hearing the signal by clicking the green button on the response panel. 
If there was no response within 1500 ms, an omission error was registered. If there was a response within 
1 ms after the onset of the black circle or the tone, a false positive was registered. Each test consisted of 
50 trials and lasted for around 3 minutes. Figure 1A shows an example of the reaction time per trial to 
the Alertness test of a TD child (male, 11 years and 3 months). 

Focused attention was examined with the Unimodal Visual Test and Unimodal Auditory Test 
of the Perception and Attention Functions-Focused subtest (WAFF; Wahrnehmungs- und 
aufmerksamkeitsFunktionen Fokussierte Aufmerksamkeit; Schuhfried GmbH, version 23 – Revision 1, 
2008). In the Focused attention subtest, the participant was presented with relevant visual or auditory 
stimuli which precede other distracting stimuli. In the Focused Attention Unimodal Visual Test, two 
black geometric figures appeared simultaneously on a white background of the computer screen in 
an unpredictable sequence. The figures were either 2 squares, or 2 circles, or a circle and a square. A 
circle that gradually became lighter was considered a target. If a target appeared in two subsequent 
presentations (= relevant stimuli: 27 out of 162 trials), the participant was to press the response button as 
soon as possible. In the irrelevant stimuli (135 out of 162 trials) the circle remained dark or only became 
lighter once, and/or a square remained dark or became lighter. In the auditory variant, a sound signal of 
500 Hz was presented against a complex babble of voices. In the relevant stimuli (30 out of 160 trials), 
the participant had to response by pressing the response button as soon as possible when the 500 Hz 
sound became softer in two subsequent presentations. In the irrelevant stimuli (130 out of 160 trials) the 
sound of 500 Hz remained loud. In both subtests the stimuli were presented for 1500 ms. A change may 
take place after 500 ms. There was an interstimulus interval of 1000 ms between stimuli. An omission 
error was counted, if no response was given during the presentation of a target stimulus (1000 ms). If 
there was a response within 1 ms after the onset of the stimulus, a false positive was registered. Figure 
1B shows an example of the reaction time per trial to the Focused attention test of a TD child (male, 11 
years and 3 months). 
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Figure 1. Example of reaction times in a typically developing child.  
The traces represent the reaction times of subsequent trials in the Visual subtest (black) and the Auditory subtest (gray). (A) represents 

the reaction times of the Alertness Attention Test. If a child did not respond within 1500 ms, an omission was scored. A reaction time 

of 1 ms or less was considered a false positive response. (B) represents the reaction time of the Focused Attention Test. In this test, a 

reaction time of 1000 ms or more was scored as omission. A reaction time of 1 ms or less was considered a false positive. 

Procedure

All behavioral testing took place in the Department of Speech and Language Pathology of the Hanze 
University of Applied Sciences Groningen or at one of the locations of the referring Audiological Centers 
in the south of the Netherlands (Adelante audiology & communication Eindhoven or Libra revalidation & 
audiology Eindhoven). Testing was carried out by a speech-language therapist/clinical linguist with the 
assistance of students fulfilling a bachelor’s degree in speech-language therapy. The pure tone and speech 
audiometry, the AP tests and the subtests of the CELF-4-NL were conducted in a soundproofed room. 
All other tests were carried out in a low-noise room. The entire assessment took an average of 2 hours 
to complete. At least two breaks were provided. Upon the child’s request, extra breaks were provided. 
Participation of the children was rewarded with a 5-euro gift card (this was not known in advance) and 
parents were reimbursed for travel expenses. 

Not all children completed all tests. Data from the Filtered Speech Test for one child in the LiD group 
and data of the auditory subtest of the Focused attention test (WAFF) for another child in the LiD group 
and one child in the TD group was missing due to equipment failure. CHAPPS teacher questionnaires 
from six children of the TD group have not been returned. 
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Data Analysis

Statistical analyses were conducted in the Statistical Package for the Social Sciences (SPSS, version 23). 
Descriptive statistics were calculated for all variables. Mann-Whitney nonparametric independent sample 
tests were used to compare between-group differences, because of the small group size (i.e., data did not 
meet the normality assumptions). The Holm-Bonferroni method (Holm, 1979) was used to control for 
multiple comparisons (Holm-Bonferroni Sequential Correction Excel calculator, Gaetano 2013). 

For the questionnaires, AP tests, and psychoeducational tests (nonverbal intelligence and working 
memory), Fisher’s exact test was carried out to analyze the proportion of poor-scoring children with 
reported LiD versus TD children. To this aim, the individual age-based normative scores of the children 
included in both groups were converted into percentile scores. A percentile score below 10 (= 1.3 
standard deviation or more below average) was considered as an abnormal score (poor-scoring). In 
case of a significant difference in proportion of poor-scoring children, the positive likelihood ratio was 
calculated. If the divisor was zero in the calculation of the likelihood ratio, 0.5 was added to each cell of 
the 2x2 table. 

For the visual and auditory attention tests, the number of errors (omissions and false positives), the 
mean reaction time (RT) per child and per group, and the variability of reaction times (standard deviation) 
per child across trials was analyzed. Finally, based on the performed tasks of the alertness attention test 
and the focused attention test, an average value was calculated for visual and auditory attention. For this, 
the mean RTs of the two visual tasks and the mean RTs of the two auditory tasks were summed up and 
divided by two. Mann-Whitney nonparametric independent sample test was used to compare between-
group differences. Box-scatterplots were made using the ggplot2 library of the statistical package R 
(https://www.r-project.org/about.html). 

RESULTS
Participant Demographics

The nine children included in the LiD group and the 21 controls did not differ significantly in average age 
(p = .397). All children in the LiD group and the control group show hearing thresholds within the normal 
range (<20 dB HL) at all frequencies and had normal visual acuity. All parents of the nine participants 
with the clinical representation of LiD indicated that their child gives inconsistent responses to auditory 
information or that there is inconsistent auditory awareness (Item 8 of Keith’s Checklist in Table 1). Item 
4, 5 and 7 of the checklist were indicated by seven or more of the parents as a characteristic feature of 
their child’s LiD. The parents of 14 children in the control group indicated that none of the characteristics 
of Keith’s checklist were present. Four parents indicated that one characteristic was present, two parents 
that 2 characteristics were present, and 1 parent indicated at 3 characteristics of the checklist that they 
were present in the behavior of their child.

Comparison of Group Performance 

Questionnaires · The parents of the children in the LiD group reported greater difficulties in general 
communication (General Communication Composite (GCC) score, p < .001) and indicated that their 
children exhibit behavioral symptoms of ADHD (p = .003), see Table 3. However, none of the individual 
scores of the children in the LiD group met the criteria for an ADHD diagnosis raised in child psychiatry 
(≥36 = subclinical, ≥48 = clinical). 

Children in the LiD group had significantly lower total performance scores (Total score, p < .001) on the 
CHAPPS as completed by the teacher, and on five of the six CHAPPS listening conditions. All children in 
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the LiD group achieved an at-risk total score on the CHAPPS, and the highest risk scores were achieved 
on the listening condition Listening in noise. No significant differences were found for the listening 
condition Ideal (at Holm-Bonferroni corrected level).

Table 3. Median data and variance of the performance of the participants on parental and teacher  
questionnaires.

Questionnaire
LiD 
Median (IQR)

TD 
Median (IQR)

Mann-Whitney U
P value (exact)

Gender #males: #females 7:2 7:14

Age (months) 112 (102.5-125) 118 (107.5-130) z = -0.883, p = .397

ADHD-Q Total scorea

Subscalesb:
inattention
hyperactivity
impulsivity

20 (10-31)

5 (3-15)
7 (4-10)
4 (3-8)

7 (3-13)

2 (0-5)
3 (1-5)
2 (1-4)

z = -2.902, p = .003*

z = -2.906, p = .003*
z = -2.571, p = .009
z = -2.155, p = .032

CCC-2-NL GCC scorec

Subscalesd:
speech
syntax
semantics
coherence
inappropriate initiation
stereotyped language
use of context
nonverbal communication
social relations
interests

104 (91-112)

14 (11-15)
15 (10-15)
13 (12-15)
14 (9-15)
12 (10-14)
13 (8-15)
14 (13-16)
14 (12-15)
11 (8-13)
12 (11-14)

63 (56-84)

8 (8-13)
7 (7-9)
6 (5-11)
7 (6-10)
8 (7-11)
7 (7-12)
9 (7-11)
9 (6-11)
7 (7-10)
10 (6-12)

z = -3.557, p < .001*
 
z = -2.427, p = .022
z = -3.280, p = .003*
z = -3.617, p < .001*
z = -3.157, p = .001*
z = -2.256, p = .025
z = -1.821, p = .077
z = -3.677, p < .001*
z = -3.457, p < .001*
z = -1.961, p = .056
z = -2.094, p = .036

CHAPPS Total scoree

Subscalesf: 
noise
quiet
ideal
multiple inputs
auditory memory
auditory attention

-62 (-69- -34)

-2.57 (-3.72- -1.71)
-1.14 (-1.57- -0.50)
-0.33 (-1.50-0.17)
-1.33 (-2.17- -1.0)
-1.50 (-3.75- -0.94)
-0.75 (-1.56- -0.32)

4 (-2-15)

0 (-0.57-0.14)
0 (0-0.57)
0 (0-1.0)
0.33 (0-0.66)
0 (0-0.50)
0.12 (0-0.50)

z = -3.967, p < .001*

z = -4.044, p < .001*
z = -3.625, p < .001*
z = -2.312, p = .025
z = -4.042, p < .001*
z = -3.818, p < .001*
z = -3.739, p < .001*

ADHD-Q, Attention Deficit Hyperactivity Disorder questionnaire; CCC-2-NL, Children’s Communication Checklist 2nd edition; CHAPPS, 

Children’s Auditory Processing Performance Scale; GCC, General Communication Composite; LiD, listening difficulties; TD, typically 

developing. 

a Cutt-off points: score ≥ 36 = subclinical, Score ≥ 48 = clinical; b Cutt-off points: score ≥ 12 = subclinical, Score ≥ 16 = clinical; c Score 

≥104 = percentile score <10; d Test mean 10, SD 3, Score >13 = -1 SD of the mean; e Pass range: +36 to -11, At-risk range: -12 to 

-180; f Pass range: >-1, At risk range: between -1 and -5. 

* = indicates significance at the Holm-Bonferroni corrected level.
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Table 4. Median data and variance of the performance of the participants on behavioral tests.

Test
LiD 
Median (IQR)

TD group 
Median (IQR)

Mann-Whitney U
P value (exact)

Gender #males: #females 7:2 7:14

Age (months) 112 (102.5-125) 118 (107.5-130) z = -0.883, p = .397

Nonverbal IQ (Ravens’s CPM)a 111 (95-116) 118 (109-124) z = -1.681, p = .104

Working Memory Index (CELF-4-NL)a 82 (68-97) 112 (102-117) z = -3.675, p < .001*

Speech-In-Noise Test -2 dB Total scoreb

right Ear
left Ear

Filtered Speech Test Total scoreb

right Ear
left Ear

Binaural Fusion Testb

Dichotic Words/Digits Test Total scoreb

right Ear
left Ear

74 (64-78)
72 (58-78)
77 (69-80)
70 (59-83)
70 (59-79)
76 (58-81)
62 (55-84)
66 (52-77)
62 (48-73)
68 (55-85)

77 (73-85)
78 (74-84)
76 (68-85)
78 (73-84)
77 (73-84)
77 (73-84)
79 (71-88)
69 (63-79)
65 (58-74)
75 (69-88)

z = -1.315, p = .193
z = -1.883, p = .063
z = -0.068, p = .965
z = -1.338, p = .193
z = -1.698, p = .094
z = -0.862, p = .397
z = -1.294, p = .200
z = -1.200, p = .244
z = -1.021, p = .326
z = -1.451, p = .150

CELF-4-NL, Clinical Evaluation of Language Fundamentals 4th edition; CPM, Coloured Progressive Matrices; LiD, listening difficulties; 

TD, typically developing. 

a Test mean 100, SD 15; b Percent correct score.

* = indicates significance at the Holm-Bonferroni corrected level.

 Table 5. Descriptive statistics for the number of errors of the participants on the attention tests.
LiD TD

Mann-Whitney U
P value (exact)Tests Mean (SD) Min-Max Mean (SD) Min-Max

Attention Alertness (WAFA test)
Intrinsic Auditory 
Intrinsic Visual

0.2 (0.4)
1.6 (2.6)

0-1
0-8

0.3 (0.6)
0.3 (0.6)

0-2
0-2

z = -0.411, p = .756
z = -1.927, p = .114

Focused Attention (WAFF test)
Unimodal Auditory
Unimodal Visual 

18.5 (5.4)
6.2 (6.7)

9-25
1-20

9.8 (5.2)
2.5 (3.8)

3-21
0-14

z = -3.084, p = .001*
z = -2.320, p = .022

 

LiD, listening difficulties; TD, typically developing; WAFA, Wahrnehmungs- und aufmerksamkeitsFunktionen Alertness; WAFF, 

Wahrnehmungs- und aufmerksamkeitsFunktionen Fokussierte Aufmerksamkeit.

* = indicates significance at the Holm-Bonferroni corrected level.

Table 6. Median data and variability of the reaction time of the participants on the attention tests.
LiD TD

Mann-Whitney U
P value (exact)Tests Median (IQR) Mean (SD) Median (IQR) Mean (SD)

Attention Alertness (WAFA test)
Intrinsic Auditory 
Intrinsic Visual

374 ms (301-476)
303 ms (297-389)

409 ms (130)
335 ms (50)

325 ms (284-408)
280 ms (247-307)

343 ms (89)
282 ms (41)

z = -1.245, p = .226
z = -2.376, p = .017

Focused Attention (WAFF test)
Unimodal Auditory
Unimodal Visual 

693 ms (578-780)
506 ms (456-609)

677 ms (116)
524 ms (75)

657 ms (578-747)
433 ms (406-478)

658 ms (82)
434 ms (54)

z = -0.458, p = .672
z = -2.783, p = .004*

LiD, listening difficulties; TD, typically developing; WAFA, Wahrnehmungs- und aufmerksamkeitsFunktionen Alertness; WAFF, 

Wahrnehmungs- und aufmerksamkeitsFunktionen Fokussierte Aufmerksamkeit. 

* = indicates significance at the Holm-Bonferroni corrected level.
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Auditory Processing, Nonverbal Intelligence, and Working Memory · The nonverbal IQ (p = .104) and 
auditory processing tests total scores (Speech-In-Noise p = .193; Filtered Speech p = .1923; Binaural 
Fusion p = .200; Dichotic listening p = .244) and scores for each ear of the four subtests (see Table 4) 
were not significantly different between the groups. The LiD group had significantly lower performance 
scores than the control group on the tests of working memory (p < .001). 

Auditory and Visual Attention Tests · For the number of errors, significant differences between groups 
at the corrected level were only found for the auditory variant of the Focused attention test. Children 
in the LiD group had significant (p = .001) more errors than TD children on this task, see Table 5. In 
both groups, more omissions and false positives were present in the focused attention task than in the 
alertness attention task. 

Children in the control group consistently achieved slightly faster RTs than children with LiD. Only 
significant differences were found for the visual Focused attention test. Children in the LiD group had a 
significant (p = .004) slower reaction time on this test, see Table 6.

Proportion of Poor-Scoring Children

Figure 2 shows the percentage of children of both groups that achieved an abnormal individual test score 
(score < percentile 10). Overall, Figure 2 shows that children with listening difficulties are 20 times more 
likely than TD children to fail a Working Memory task, 7,5 times more likely to have an at-risk total score 
on the teacher questionnaire CHAPPS, and 14 times more likely to have an under average GCC score on 
the parental questionnaire CCC-2-NL. None of the included children in both groups had a below average 
nonverbal intelligence score. 

Fisher’s exact testing at a significance level of 0.05 showed significant differences in proportions of 
poor scores in children with LiD compared to TD children for the CELF-4-NL Working Memory Index 
(χ2(1,N=30)=10.77, P=.005), CHAPPS total score (χ2(1,N=24)=17.02, P<.001.), and CCC-2-NL GCC 
(χ2(1,N=30)=13.50, P=.001). At sub-test level, significant differences between groups were found for 
all six listening conditions of the CHAPPS, the attention subscale of the ADHD-Q (χ2(1,N=30)=7.78, 
P=.021), and the subscales Syntax (χ2(1,N=30)=8.23, P=.008), Semantic (χ2(1,N=30)=8.23, P=.008), 
Coherence (χ2(1,N=30)=7.46, P=.014), Context (χ2(1,N=30)=13.98, P=.001), and Nonverbal 
(χ2(1,N=30)=7.46, P=.01) of the CCC-2-NL. 
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Figure 2. Percentage of children with poor clinical scores on a number of behavioral tests. Results are 
shown for children with listening difficulties (LiD) and typically developing (TD) children.  
Poor performance is defined as scoring within the lowest 10% of the population (percentile <10).  
** = significant χ2 test result with p <0.01, *** = significant χ2 test result with p <0.001. 
ADHD-Q, attention deficit hyperactivity disorder questionnaire (Dutch version [ADHD Vragenlijst], Scholte & Van der Ploeg, 2010); 

CCC-2-NL, Children’s Communication Checklist-2-Dutch version (Bishop 2007, Dutch version: Geurts, 2007); CHAPPS, Children’s 

Auditory Processing Performance Scale (Smoski et al., 1998, Dutch version: Neijenhuis & Nijland, 2005); GCC, General Communication 

Composite score; SN, Speech-in-Noise.

Individual Performance: Auditory and Visual Attention 

Figure 3 shows individual RTs in the four attention tests for children in both groups. The boxplots 
show the variability between groups and the scatterplot the distribution of the individual data. The 
performance on the attention tests of children in both groups was variable both within and between 
groups. 

Based on the mean RTs of the two auditory and two visual attention tasks, an average value was 
determined for visual and auditory attention. Figure 4A and Figure 4B show the mean RT for the auditory 
task in comparison with the visual task for the two separate attention tests. Four children from the LiD 
group have a slower response to the visual task of both tests compared to children in the TD group. 
With combining the mean RTs of both tests, a value was created for visual and auditory attention. Figure 
4C shows the relationship between visual and auditory attention for both groups. Auditory attention 
correlated significant with visual attention in the LiD group (r (8) = 0.76, p < 0.05) and for all children 
in both groups (r (28) = 0.57, p < 0.01). A significant difference between groups was found for visual 
attention only, children in the LiD group had a significant slower mean RT for visual attention (p < .001) 
in comparison with TD children. 
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Figure 3. Reaction times in auditory and visual attention tests for children with listening diffi culties (LiD) 
and typically developing (TD) children. Each data point represents the average reaction time on an attention tests in an 

individual. The only statistically signifi cant difference was observed for the Visual Focused Attention test (p<0.01).

Figure 4. Relation between visual and auditory attention for children with listening diffi culties (LiD) and 
typically developing (TD) children. (A) Attention Alertness test. (B) Focused Attention test. (C) Combined 
Attention Alertness test and Focused Attention test.
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DISCUSSION
This study set out with the aim of evaluating the influence of top-down cognitive processes on reported 
LiD in children aged 8 to 12 years. We investigated whether children with reported LiD, without the 
presence of any other diagnosed neurodevelopmental disorder, differ from typically developing children 
with respect to different types of attention (i.e., auditory and visual alertness and focused attention), 
working memory, non-verbal intelligence, communication and listening skills. The most important finding 
was that the problems of the children with reported LiD in this study were not limited to problems in 
the auditory modality but appear to be related to problems in visually attention and auditory attention, 
working memory, communication skills and listening skills. We found no differences between groups on 
tests of intelligence, hearing and auditory processing. Additionally, no distinctive pattern of psychometric 
performance has been found in this study. The children with reported LiD all showed diverse performance 
profiles. From the results of this study it may be concluded that top-down cognitive processes, such 
as attention, memory and language, seem to play a significant role in reported LiD and that there is a 
complex relationship between the various cognitive functions. 

Auditory and Visual Attention

In the attention tests used in this study, both children with LiD as well as children without LiD showed 
variation in reaction times across trials for both auditory and visual subtests. The result that children 
in the LiD group made significantly more errors, had slower reaction times on a part of the attention 
tasks and scored poorer on an ADHD questionnaire are in line with those of previous studies, which 
suggested that poor attention may underlie the reported LiD in children (Moore et al., 2010; Ferguson 
et al., 2011). Stavrinos and colleagues (2018) found correlations between a Dichotic Digits Test and 
divided auditory and divided auditory-visual attention in a sample of 20 children with an APD diagnosis. 
However, they found that only a subgroup of children with APD demonstrated underlying sustained and 
divided attention deficits: 40% had disordered sustained auditory attention performance and more than 
half had an underling deficit in divided attention tasks. The authors recommend further examination of 
various types of attention in both modalities (Stavrinos et al., 2018). In the current study, we examined 
other types of attention (i.e., alertness and focused attention) in the visual and auditory modality and 
found that poor attention was not the only factor that could explain the LiD of the children. Instead, 
a combination of cognitive factors (visual and auditory attention, memory capacity and language 
weakness) was related to the listening difficulties of the children. Surprisingly, in the current study no 
differences were found between the two groups with regard to the auditory processing tests, which 
supports the hypothesis that the reported LiD of the children included in the present study are related to 
top-down cognitive processes and that attention, memory and language skills play an important role in 
listening.

Working Memory

The current study found that children with listening complaints had lower working memory capacity than 
typically developing children. The influence of low working memory capacity on the listening ability of 
children with LiD was also found by others (Maerlender et al., 2004; Sharma et al., 2014; Tomlin et al., 
2015; Lotfi et al., 2016). In accordance with the present study, Sharma and colleagues (2014) also used 
the Digit Span Test of the CELF-4 (Semel et al., 2003) to assess working memory and found significantly 
poorer scores in children with reported LiD compared to controls for the forward digit span and backward 
digit span test. Significantly lower scores on the Digit Span Test of the CELF-4 (Semel et al., 2003) in a 
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group of children who met the diagnostic criteria for APD were also found by Tomlin et al. (2015). In 
contrast to our finding, Sharma et al. (2014) reported that only one child (of the 21) would be diagnosed 
clinically as having memory deficits (based on a score below 2 SDs of the mean). In our study, we used 
a score below percentile 10 (1.3 SDs of the mean) and found that 4 out of 9 children had memory 
deficits compared to the norm group. However, in accordance with our study, Sharma et al. (2014) found 
significant group differences in auditory memory between children with LiD and controls. In summary, 
memory deficits are not always clinically diagnosed in children with LiD, but there are certainly weaker 
working memory skills in children with LiD compared to children without listening problems. 

The relative low score on working memory tests supports the idea that top-down cognitive processes, 
such as working memory, play a role in the listening problems of children. Working memory deficits are 
often identified as related to learning disabilities, for example dyslexia, dyscalculia, specific language 
impairment (SLI) and ADHD (Baddely, 2003; Archibald & Gathercole, 2006; Maehler & Schuchardt, 
2016). Teachers rate children with poor working memory as being inattentive, having short attention 
spans and high levels of distractibility (Gathercole et al., 2008). The majority of the children included in 
the Gathercole et al. study (2008) also exhibited behaviors related to poor executive functioning. They 
suggest that this profile of behavioral problems (i.e., executive dysfunction) in the classroom may be a 
possible explanation for the fact that many children with poor working memory have difficulty learning. 
A profile of executive dysfunction possibly contributes to reported LiD in children. A further study 
with more focus on the executive functioning (e.g., inhibition, flexibility, impulsivity, working memory, 
attention) of children with reported LiD is therefore suggested.

Communication

The result that parents of children with LiD report greater difficulties in general communication and 
significantly more problems in terms of syntax, semantics, coherence, use of context and non-verbal 
communication is in line with those of previous studies (Moore et al., 2010; Dawes & Bishop, 2010; 
Ferguson et al., 2011; Roebuck & Barry, 2018). Dawes and Bishop (2010) found that children with LiD 
have more difficulties in attention, reading and language. They studied the performance of children with 
an APD diagnosis on a psychometric battery consisting of standardized assessments and parent report 
measures, which were compared with the performance of a group of children diagnosed with dyslexia. 
They found no differences between the two clinical groups in overall general communication composite 
(GCC) score, but both groups showed structural language and pragmatic problems (poor GCC score and 
poor subtests score compared to the norm group). In the study of Roebuck and Barry (2018) children 
with LiD had a significantly worse GCC score compared to children rated as having typical listening 
abilities. Our finding that not all cases in the current study had a below average general communication 
score on the CCC-2 (6 out of 9), is in line with the results of the study by Stavrinos et al. (2018), who 
reported that communication impairment measured with the CCC-2 are present in a majority of children 
with APD. The results of our study and those of previous studies show that not all children with LiD have 
problems with language. Each child with LiD has a diverse language, attention and memory profile. This 
suggests that there is no distinctive pattern of psychometric performance in children with LiD. 

Listening

It is interesting to note that in all 9 cases, teachers indicated that the children with reported LiD had 
significantly more difficulty than their peers with listening in a noisy classroom. In accordance with the 
current study, Dawes and Bishop (2010) also found that children with LiD have at-risk scores on the 
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CHAPPS questionnaire (Smoski et al., 1998). Similar results were also found by others (Moore et al., 
2010; Ferguson et al., 2011; Iliadou & Bamiou, 2012; Allen & Allen, 2014). Contrary to the current study, 
in previous studies the CHAPPS was completed by the parents instead of the teachers of the child. The 
CHAPPS is designed to be completed by the child’s teacher in order to identify the listening difficulties 
of children in the classroom, compared to classmates (Smoski et al., 1998). According to the data of our 
study and previous studies, we can infer that both parents and teachers rate children with LiD as weaker 
listeners compared to their peers and that children with reported LiD have significantly more problems 
in daily live with listening in noise and in a quiet room, and when, in addition to listening, there is also 
another form of input (i.e. visual or tactile). They are also assessed poorer by parents and teachers 
in auditory memory and attention span. However, these difficulties do not say anything about the 
underlying cause of the observed problems. The questionnaire only indicates that the teacher or parent 
judges the child with LiD poorer in terms of listening skills compared to peers. 

Bottom-up or Top-down Processing

Based on the results of our study, it is possible to hypothesize that reported LiD in children appears to be 
multifactorial in nature. In the current study, no evidence was found that the problems of the children 
with reported LiD were caused by a distorted bottom-up sensory processing deficiency only. This study 
showed that there seems to be a combination of cognitive factors (attention, language, working memory) 
that can be related to the listening problems that manifest themselves in the classroom. In line with these 
results, previous studies also demonstrated a link between language weakness, low working memory 
capacity, reduced visual and auditory attention and the listening abilities of a child (e.g., Maerlender 
et al., 2004; Moore et al., 2010; Ferguson et al., 2011; Allen & Allen, 2014; Gyldenkærne et al., 2014; 
Sharma et al., 2014; Tomlin et al., 2015; Roebuck & Barry, 2018; Stavrinos et al., 2018). The results of 
our study provide further support for the hypothesis that also top-down cognitive processes significantly 
influence the experienced LiD of children. It seems too easy to attribute the symptoms of children with 
LiD to one specific deficit, such as working memory or attention. Instead, the symptoms of children 
with LiD seem to reflect a complex relationship between skills in auditory, visual, cognitive and language 
domains. 

Clinical Implications and Future Research 

The findings of this study can be used to indicate how children with LiD should be assessed in the 
clinic and which diagnostic procedure should be used in children with reported or identified LiD. The 
current evidence indicates that problems with listening are due to problems in language, attention 
and/or memory. This does not rule out the possibility that bottom-up auditory processing is the main 
contributor to listening difficulties in a subgroup of children. Because of the multifactorial aspect of the 
problems of children with LiD, clinical assessments are preferably performed by a multidisciplinary team 
of professionals. 

Based on the results of this explorative study, it is recommended to assess both hearing and listening 
skills, as well as language, attention and memory skills in children with reported LiD. To avoid 
unnecessary assessment in children with LiD, it is important to know which tests should and which 
tests should not be performed as default for this group of children. We advise to carry out step-by-step 
assessment on the basis of the request for help from the client and/or parents and the difficulties arising 
from the questionnaires, as described for example in DeBonis (2015) and De Wit et al. (2017). Using 
questionnaires and broad multidisciplinary tests, which are proven valid to distinguish children with 
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difficulties from children without difficulties, professionals can describe and evaluate the functioning and 
listening difficulties of a child in a broad manner. 

Strengths and Limitations 

A strength of the current study is that the results are specific to the clinical population used in this study, 
i.e. Dutch children with reported LiD, without the presence of any other diagnosed neurodevelopmental 
disorder. Children with an established APD diagnosis are not included in this study, because in the 
Netherlands the diagnosis APD is not used in clinical practice as a valid diagnosis. Therefore, the children 
with listening problems were included on the basis of parent reports. In the Netherlands, this is the 
population of children of which the listening skills are evaluated in daily clinical practice. 

A limitation of this study was the small sample size of the clinical population. Because of the relatively 
small sample size, the results must be interpreted with caution. The results of this study only relate to a 
select and small group of children. At the same time, the small sample size is also indicative of the degree 
of occurrence of unexplained LiD in the Netherlands. During recruitment of children for this study, it 
appeared that many of the children with reported LiD already had a diagnosis, such as dyslexia, DLD or 
ADHD, which could explain the LiD. It turned out that LiD without an additional condition was rarely 
observed in the Netherlands. Nevertheless, the included group consists of children who are referred for 
clinical evaluation of unexplained LiD. 

Another limitation of this study is the use of conventional auditory processing tests that do not use 
adaptive methodology. This could possibly explain the generally high scores of the children in both 
groups on the auditory processing tests. Unfortunately, there is no valid adaptive test instrument available 
in the Netherlands for testing auditory processing abilities. 

Finally, due to limitations in the area of attention span and the degree of availability of the children, not 
all available hearing and AP tests were conducted. Instead, we used a selection of available tests in this 
study. As a result, the hearing ability of the children has not been fully assessed and as a consequence 
there may be unobserved hearing problems in the children included in this study. However, this is not 
likely because there was no indication of undetected hearing problems during the study and from the 
parents’ questionnaires. Moreover, the speech and language skills of the children were not objectified 
with a behavioral task, but only assessed using validated questionnaires. 

CONCLUSION
In this exploratory study, it appears that listening difficulties (by parent report) can be associated with 
poorer listening skills (teacher report), poorer communication performance (parent report), poorer 
working memory and poorer auditory and visual attention skills (behavioral tests). The problems were 
not associated with poorer performance on central auditory processing tests. Together, this shows that 
listening difficulties in children appear to be related to top-down cognitive processes and that there 
appears to be a continuous interaction between both bottom-up sensory processes and top-down 
cognitive processes. A combination of deficits can explain the difficulty these children have with academic 
activities in the classroom. Apparently, limitations in cognitive skills may present themselves as listening 
problems to parents and teachers.
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