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INTRODUCTION
Learning new knowledge and skills are important human abilities. Much of what we learn as 
human beings takes place at primary school. To learn, a child must develop academic skills, such as 
communication skills, for example listening and adequately processing of and responding to non-verbal 
and verbal information, and cognitive skills, such as concentration, attention and memory. From the age 
of six, the capacity to process information markedly increases and the control of attention and memory 
improves (Verhulst, 2017).

Normal hearing is essential for the acquisition of oral language and effective verbal communication 
(Bhatnagar & Korabic, 2006). Most children will learn without problems, but some children experience 
learning difficulties. One of the learning difficulties that may occur in children, is having problems with 
listening and processing auditory information, despite normal peripheral hearing ability. Children which 
such problems, have difficulties with understanding speech in complex listening situations, such as in a 
busy classroom with a lot of background noise. These children are described by their parents and teachers 
as children who are uncertain about what they hear, have trouble listening in the presence of background 
noise and have difficulty in following oral instructions. They have trouble understanding rapid or 
disturbed speech and are unable to follow conversations and are inattentive (Jerger & Musiek, 2000; 
Hind et al., 2011; Moore, Rosen, Bamiou, Campbell & Sirimanna, 2013).

Problems in auditory processing are complex and not yet fully understood. It is unclear whether auditory 
processing difficulties should be regarded as a pure auditory disorder with an underlying etiological unity 
that is distinct from other learning disabilities or that the listening difficulties are caused by deficits in the 
field of intelligence, language, reading and spelling, attention and/or concentration (Moore, 2006; Dawes 
& Bishop, 2009; Miller & Wagstaff, 2011).

The term “listening difficulties (LiD)” is used to summarize the problems with hearing or listening, 
in spite of normal audiometry. These difficulties are typically reported by the caregiver or professional 
of the child and refer to the symptoms perceived at the child. The cause of the symptoms of these 
listening difficulties is not yet known. The term “listening difficulties” does not imply any underlying 
mechanism and cannot be used as a diagnostic label (Moore, 2018). In many audiology services around 
the world, the term "auditory processing disorder (APD)" is the clinical label or diagnosis used to classify 
the listening difficulties of children (Moore et al., 2013). The diagnosis APD refers to problems with 
the auditory processing of speech in everyday life in individuals who have normal hearing pure tone 
sensitivity. A description that is often given for APD is “when something goes wrong with what we do 
with what we hear” (Katz, Stecker & Henderson, 1992). Recently, APD is included as a disorder in the 
10th version of the International Classification of Diseases as H93.25 and in the forthcoming beta 11th 
version (Iliadou et al., 2017).

However, not in every country the diagnosis APD is used to classify the problems of children with 
listening difficulties. This is due to the uncertainties surrounding the underlying cause of the listening 
problems in children and to the potential overlap between the symptomatology of APD and the 
symptoms of other neurodevelopmental disorders, such as developmental language disorder (DLD) or 
specific language impairment (SLI), dyslexia, attention deficit (hyperactivity) disorder (AD(H)D), and 
autism spectrum disorder (ASD) (Bamiou, Musiek & Luxon, 2001; Rosen, 2005; Hind, 2006; Moore, 
2006; Cacace & McFarland, 2009).
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Figure 1. Schematic representation of the central auditory pathway (© 2015 Sinauer Associates, Inc. 
Figure 9.20 from Wolfe, Kluender & Levi, Sensation & Perception 4th Edition).

Auditory Processing

Auditory processing refers to the processing of auditory stimuli by the outer ear, via the middle ear, to 
transduction in hair cells in the inner ear, up to and including the central pathways (brainstem, thalamus 
and cortex). When hearing a sound or spoken message by the peripheral auditory system, the meaning 
of the auditory stimulus, usually with a linguistic message included, must be processed by the central 
auditory system (CAS), so called central auditory processing. Central auditory processing refers to how 
the auditory sensory input and acoustic information from the environment is perceived and processed 
by the auditory pathway after it leaves the peripheral auditory structures (outer, middle, and inner 
ear) and what happens to this information as it is transmitted along the central auditory system (CAS) 
(Bailey, 2012; McNamara & Hurley, 2015; Perigoe & Paterson, 2015). Central auditory processing 
includes the auditory mechanisms that underlie the following skills: sound localization and lateralization; 
auditory discrimination; auditory pattern recognition; temporal aspects of audition, including temporary 
integration, temporally discrimination (e.g., temporal gap detection), temporal order and temporal 
masking; auditory performance in competitive acoustic signals (including dichotic listening); and auditory 
performance with degraded acoustic signals (American Speech-Language-Hearing Association (ASHA), 
1996; Musiek & Chermak, 2007; Bellis, 2011).

Figure 1 illustrates the schematic representation of the central auditory pathway. The central auditory 
pathway consists of an extensive network of interconnected nuclear complexes in the brainstem and 
thalamus, and numerous areas in the cerebral cortex (Hackett, 2009). The auditory signal is transmitted 
via the cochlea to the auditory nerve and then transported by the auditory pathway through the 
brainstem, via the superior olivary complex that receives bilateral projections from the cochlear nuclei and 
where the auditory signal is converged, via the inferior colliculus (midbrain) and medial geniculate nucleus 
(thalamus) to the auditory cortex. This is the so called afferent or ascending pathway. The ascending 
pathway receives signifi cant input from the efferent or descending pathway (Winer, 2005). Equally 
massive and equally specifi c descending projections take place from the auditory cortex to the medial 
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geniculate nucleus, inferior colliculus, superior olivary complex, cochlear nucleus, pons and basal ganglia. 
These descending pathways can affect many aspects of subcortical performance, including filtering, 
sharpness of tuning, and response plasticity (Winer, 2005).

Bottom-up and Top-down Processing

In order to be able to listen and understand what is being said, a child must detect the speech sound, 
focus on the speech sound, determine where the speech sound comes from, and separate it from 
background noise. Hearing and bottom-up auditory processing of the sound alone is not sufficient 
for interpreting and understanding the auditory stimulus. Various skills, such as guided attention, 
memory and language skills, that is, the so called top-down cognitive processes, play a role in correctly 
interpreting and understanding the message (Bellis, 2011; Moore, 2012;). In the ultimate processing of 
auditory input, both bottom-up factors (sensory encoding) and top-down factors (cognition, language 
and other higher-order functions) work together (Bellis, 2011). Even the simplest auditory signals are 
influenced by higher cognitive factors, such as memory, attention and learning (Mülder, Rogiers & Hoen, 
2007). Thus, in addition to a well-functioning peripheral hearing and well-processing of the auditory 
signal, listening requires focus to the speech stimuli and the involvement of memory, intelligence 
and language skills (British Society of Audiology (BSA), 2007). Therefore, the processing of auditory 
information comprises both bottom-up and top-down processing. According to Moore (2006) it is 
difficult to clearly understand which role bottom-up and top-down processes play exactly when listening, 
since both processes contribute to almost all aspects of processing auditory information.

Relationship between APD and other neurodevelopmental disorders

One of the current pressing issues is whether APD is a unique clinical entity which can be regarded as 
a unimodal auditory-specific disorder or whether the listening problems are related to or caused by 
another impairment, for example, language- or attention difficulties (e.g., Bellis & Ferre, 1999; Cacace & 
McFarland, 2009; Dawes & Bishop, 2009; Ferguson, Hall, Riley & Moore, 2011; Kamhi, 2011; Miller & 
Wagstaff, 2011; Richard, 2011). It has been suggested that a child may receive the diagnosis APD, SLI, 
dyslexia or ADHD depending on the referral route of a child with reported listening difficulties. (Dawes 
& Bishop, 2009; Ferguson et al., 2011; Moore et al., 2013). This is obviously related to the lack of clarity 
on the causes of listening difficulties in children (Rosen, 2005; Cacace & McFarland, 2009), and its exact 
relationship with other neurodevelopmental disorders (Dawes & Bishop, 2009; Miller, 2011). Listening 
difficulties are associated with other neurodevelopmental disorders, but the exact relationships are 
unclear. The possible relationships are shown in Figure 2 (based on Miller & Wagstaff, 2011):

1. The listening difficulties in children are caused by a pure APD and the various neurodevelopmental 
disorders are distinct constructs and identifiable disorders that can be distinguished theoretically 
and clinically.

2. APD, SLI, dyslexia and ADHD are different labels for the same construct.
3. Listening difficulties are caused by language, reading, attention and/or concentration impairments 

and are a subset or symptom of one of the other neurodevelopmental disorders.
4. All other neurodevelopmental disorders are caused by APD and the symptoms of other  

neurodevelopmental disorders are a subset of APD.
5. A larger processing deficit or multimodal or general neurodevelopmental disorder exists in which 

the behavioral difficulties of children (e.g. auditory, language and attention) serve as indicators 
that can be expressed along a continuum of severity.
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Figure 2. Five possible relationships between the construct auditory processing disorders (APD) or  
listening difficulties (LiD) and other neurodevelopmental disorders (specific language impairment (SLI), 
dyslexia, and attention deficit hyperactivity disorder (ADHD)). (Based on the figure of Miller & Wagstaff, 
2011).

Controversies in auditory processing disorder

The diagnostic term "APD" is used to address listening difficulties that somehow relate to deficits in the 
bottom-up and/or top-down processing of auditory information. Various professional audiology societies 
(e.g., ASHA, 1996; 2005 & American Academy of Audiology (AAA), 2010) stated in their APD guidance 
documents that APD is a problem of the central auditory system, separated from multi-modal cognitive 
and language problems. In these guidelines, APD is regarded as a consequence of a disturbed bottom-up 
function of the auditory system (Moore, 2012). According to Cacace and McFarland (2005; 2006), APD 
can only be seen as bottom-up deficit when there is a modality-specific disorder and the deficit only 
occurs in the processing of acoustic information and not when similar information is offered to other 
sensory modalities (for example the visual modality). Without modality specificity, the concept of APD 
has little power and significance (McFarland & Cacace, 2009). In contrast to the American audiology 
societies, there is, according to the British Society of Audiology (BSA, 2011), no evidence for the claim 
that APD is primarily a disturbed bottom-up processing. Research by Moore and colleagues (2010; 2011) 
have shown that poor listening in children in most cases has a cognitive component and that the listening 
problems are related to weak attention, poor working memory or language problems.
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The lack of clarity about the nature of listening difficulties and controversies related to listening 
difficulties and APD, causes confusion at the theoretical level as well as at the clinical level. It is not clear 
how children with listening difficulties should be detected, diagnosed and treated. The problems of 
children with listening difficulties are diverse, with large inter-individual variation. No specific profile for a 
child with listening difficulties presently exists (Sharma, Purdy & Kelly, 2009; Ferguson et al., 2011; Miller 
& Wagstaff, 2011). The symptoms of children with reported listening difficulties and the association of 
these symptoms with other neurodevelopmental disorders are factors that influence the discussion about 
the validity of the APD diagnosis in addition to the discussion whether APD should be considered as a 
pure auditory bottom-up processing disorder or should be considered as a cognitive impairment.

Because of the lack of clarity and questions from clinicians about how to manage children who 
suffer from listening problems, these group of children are not always referred to the right discipline 
or multidisciplinary center. It is evident that a clinical demand exists for scientific insight into APD and 
that there is currently no clear, scientifically and evidence based diagnostic procedure for children with 
listening difficulties (Moore, Halliday & Amity, 2008).

Audiology services in the Netherlands

In the Netherlands, children with unexplained listening difficulties are usually identified by an education 
specialist and/or a speech-language therapist and after detection, referred by a general practitioner 
to an audiological center (Neijenhuis & Nijland, 2005; Neijenhuis & Van Herel-De Frel, 2010; Van den 
Bosch & Gerrits, 2013). An audiological center is an expertise center for hearing, speech and language. 
In an audiological center, professionals from different fields (e.g., audiologist, speech-language therapist, 
psychologist, child psychologist, linguist, social worker) work in multidisciplinary teams on diagnostics, 
rehabilitation and assistance of children and adults with an auditory and/or communicative disability 
(www.fenac.nl; www.audiologieboek.nl).

In response to questions from Dutch speech-language therapists working in private practices about 
uncertainties surrounding the signaling, referral and treatment of children with listening difficulties, 
the applied research project “Logopedic approach of auditory processing difficulties”, initiated by the 
Hanze University of applied sciences Groningen and funded by the Regional Attention and Action for 
Knowledge circulation (RAAK) of the Ministry of Education, Culture and Science in the Netherlands, was 
started in 2010. The aim of this project was, -1- to establish a uniform definition for the target group 
of children with listening difficulties, -2- to combine knowledge and experience of clinicians in the field 
of signaling, diagnosis, referral and treatment of children with listening difficulties and, -3- to make this 
knowledge accessible for professionals.

As part of this project, bachelor’s students from the Department of Speech and language Pathology 
at Hanze University of applied sciences Groningen studied the procedure of Dutch audiological 
centers with regard to referral, diagnostics and the follow-up program for children with unexplained 
listening difficulties. Based on the interviews with various professionals from Dutch audiological centers 
throughout the Netherlands, the conclusion could be made that there is a large variation between the 
Dutch centers in diagnostic procedures and counselling of children who experience listening difficulties 
(de Boer & Kuijpers, 2011). Since the first decade of this century, various auditory processing test 
batteries are available for the Dutch ACs (Neijenhuis & Van Herel-De Frel, 2010). It became clear that 
some centers used specific procedures for children who were referred with reported listening difficulties, 
including the use of the auditory processing test batteries, while other centers did not use auditory 
processing test batteries, but based their assessment on the broad mapping of the child’s functioning. 
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This diversity among Dutch audiological centers was two years later confirmed in a study of Van den 
Bosch and Gerrits (2013). They used a survey among Dutch speech-language therapists and audiologists, 
which showed that there was no uniformity in procedures for diagnostics and referral in the Netherlands 
for children with reduced listening ability.

The lack of uniformity in the Netherlands is in line with the (inter)national discussion about the 
definition, diagnostic route and the management of children with listening difficulties. There is quite 
some controversy surrounding the concepts of listening difficulties and APD (e.g., Chermak & Musiek, 
1992; Cacace & McFarland, 1998; Moore, 2006; Cacace & McFarland, 2009; Fey et al., 2011; Moore et 
al., 2013). The definition, etiology, signs, symptoms, treatment and outcomes of difficulties in auditory 
processing have been discussed for more than 50 years already, and still there is little agreement among 
scientists and clinicians (Levy & Parkin, 2003; Hind, 2006; Moore, 2006; Cacace & McFarland, 2009; 
Beck, Clarke & Moore, 2016). The lack of clarity surrounding the referral pathway for children with 
listening difficulties appears to be caused by ambiguity about what difficulties in auditory processing are 
and the unknown cause of the listening difficulties in children (Hind, 2006). According to DeBonis and 
Moncrieff (2008) speech-language therapists are affected by this current state of uncertainty because 
their professional responsibilities includes screening for listening difficulties, making appropriate referrals, 
and providing intervention services.

Aim of this thesis

In conclusion, there is an urgent and pressing need for clarity about the etiology, definition, symptoms, 
diagnostics and management of children suffering from listening difficulties. This will advance the 
treatment of a vulnerable group of children. The overall aim of this PhD research is to investigate which 
behavioral characteristics are associated with listening difficulties and APD, how the relationship between 
APD and other neurodevelopmental disorders is, what the role of top-down processes is in children 
with listening difficulties, and to achieve, in collaboration with Dutch speech-language therapists and 
audiologists, a uniform and workable definition and working method for children with reported listening 
difficulties in the Netherlands.

OUTLINE OF THIS THESIS
The current PhD research has been carried out at the Hanze University of Applied Sciences (Hanze UAS) 
in collaboration with the Department of Otorhinolaryngology, Head & Neck Surgery at the University 
Medical Center Groningen (UMCG) and the Behavioural Science Institute at the Radboud University 
Nijmegen in the Netherlands. The research at the Hanze UAS is practice-based research and rooted in 
professional practice. The research aims to generate knowledge, insights and products that help solve the 
problems in professional practice and/or further development of this professional practice (Hanze UAS, 
2017).

The central question of this thesis is whether APD is a truly disorder in auditory processing which can 
be regarded as a distinct and unique construct that can be distinguished theoretically and clinically from 
other neurodevelopmental disorders, such as SLI, dyslexia, ADHD and ASD. The following main question 
was formulated for this thesis:

• What are the characteristics of children with listening difficulties (LiD) and can auditory processing 
disorder (APD) regarded as a distinct clinical and identifiable disorder that explains the listening 
difficulties?
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With regard to this main question, the following sub-questions were formulated:
1. Which characteristics are associated with (suspected) APD in children?
2. Which characteristics of children with (suspected) APD overlap with the characteristics of children 

diagnosed with another neurodevelopmental disorder, such as specific language impairment (SLI), 
dyslexia, attention deficit hyperactivity disorder (ADHD), and autism spectrum disorder (ASD)?

3. Are listening difficulties in children aged 8 to 12 related to auditory and/or visual attention skills?
4. What is a useful definition and working method for Dutch professionals who work with children 

with listening difficulties in clinical practice and how and by whom should listening difficulties in 
children be identified, examined and treated?

Part I

In the first part of the thesis, the fundamentals of listening difficulties and APD were studied. Since 
publications about APD often contain a series of personal opinions or clinical anecdotes that do not have 
a solid basis in theory or evidence, two systematic reviews were carried out to synthesize the existing 
knowledge about the characteristics of children diagnosed with APD and children with a suspicion of 
APD.

In Chapter 2, we systematically studied in the existing literature how children with an APD diagnosis 
perform on various tests and what possible characteristics are of APD. In addition, Chapter 3 presents our 
response to the letter to the editor of Moncrieff (2017): “Response to de Wit et al., 2016, Characteristics 
of Auditory Processing Disorders: A Systematic Review”. As described above, APD is a highly 
controversial subject in which a long-standing intellectual, theoretical and practical impasse exists. It is 
therefore not surprising that there is a lot of reaction to each other’s publications in scientific journals.

In Chapter 4, we systematically studied in the existing literature on how children with (suspected) APD 
perform various tests compared to children diagnosed with another developmental disorder. In this study, 
the overlap of the characteristics of children with (suspected) APD and children diagnosed with another 
neurodevelopmental disorder is descripted.

The underlying etiology and cause of listening difficulties in children is unclear. Recent evidence 
suggests that top-down processes, like attention, memory and language skills have a substantial impact 
on the listening skills of children. This is why we examined in Chapter 5 in an explorative study the 
differences in performances between children with reported listening difficulties and typically developing 
children on tests of communication, auditory processing, nonverbal intelligence, working memory, and 
visual and auditory attention.

Part II

In the second part of the thesis, the development and realization of a Dutch position statement for the 
professional practice is described. In practice-based research, the opinion of professionals from the field is 
an important factor to include besides scientific underpinnings.

In Chapter 6, a qualitative study is described in which the perspectives of various professionals from 
Dutch audiological centers on the definition and care pathways of children with suspected APD were 
studied with focus group discussions.

In Chapter 7, a two-round internet-based Delphi study is presented, which was used to reach consensus 
among a small group of speech-language therapists and audiologists from the clinical field on clinical 
signs, comorbidity and referral of children with listening difficulties.
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In Chapter 8, the acquired knowledge is returned to the professional practice through the ‘Dutch 
Position Statement Children with Listening Difficulties’. At the time of the development of the Dutch 
Position Statement the information from chapter 2, 4, 6 and 7 was available. Therefore, the knowledge 
and evidence from these studies is included in the Dutch Position Statement. The purpose of this Position 
Statement is to provide professionals with tools to identify, diagnose and treat children with listening 
difficulties.

Finally, Chapter 9, summarizes and discusses the main outcomes of the studies in this thesis and the 
implications and future perspectives for children with listening difficulties and the professionals in the 
field.
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ABSTRACT
Purpose: The purpose of this review article is to describe characteristics of auditory processing disorders 
(APD) by evaluating the literature in which children with suspected or diagnosed APD were compared 
with typically developing children and to determine whether APD must be regarded as a deficit specific to 
the auditory modality or as a multimodal deficit.

Method: Six electronic databases were searched for peer-reviewed studies investigating children with 
(suspected) APD in comparison with typically developing peers. Relevant studies were independently 
reviewed and appraised by 2 reviewers. Methodological quality was quantified using the American 
Speech-Language-Hearing Association’s levels of evidence.

Results: Fifty-three relevant studies were identified. Five studies were excluded because of weak internal 
validity. In total, 48 studies were included, of which only 1 was classified as having strong methodological 
quality. Significant dissimilarities were found between children referred with listening difficulties and 
controls. These differences relate to auditory and visual functioning, cognition, language, reading, and 
physiological and neuroimaging measures.

Conclusions: Methodological quality of most of the incorporated studies was rated moderate due to 
the heterogeneous groups of participants, inadequate descriptions of participants, and the omission of 
valid and reliable measurements. The listening difficulties of children with APD may be a consequence of 
cognitive, language, and attention issues rather than bottom-up auditory processing.
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INTRODUCTION
Children with auditory processing disorders (APD) encounter listening difficulties despite displaying 
normal or near-normal hearing acuity. Depending on the definition used, the prevalence of APD among 
children and adults varies between 0.5% and 7.0% (Chermak & Musiek, 1997; Bamiou, Musiek, & 
Luxon, 2001; Hind et al., 2011), with a 2:1 ratio between boys and girls (Chermak & Musiek, 1997). 
After more than 40 years of research, there is still no consensus among speech-language pathologists, 
audiologists, and researchers regarding the nature and definition of developmental APD and whether the 
disorder can be considered a distinct clinical disorder (Bellis, 2003; W. J. Wilson, Heine, & Harvey, 2004; 
Rosen, 2005; Cacace & McFarland, 2009; Dawes & Bishop, 2009; Kamhi, 2011; W. J. Wilson & Arnott, 
2013). One of the main questions among professionals working with children with APD is whether the 
listening difficulties in children with APD are due to a specific auditory sensory processing deficit (bottom-
up problem) or to a cognitive deficit (top-down problem). In other words, can we speak about modality 
specificity in children with APD, or do we need to speak about a multimodal deficit (e.g., Moore, 2012, 
2015; Moore & Hunter, 2013; Cacace & McFarland, 2014; Dillon, Cameron, Tomlin, & Glyde, 2014; 
McFarland & Cacace, 2014; Moore & Ferguson, 2014).

During the past 15 years, special interest groups and task forces from various countries around the 
world introduced several position statements in an attempt to achieve more uniformity for the diagnosis 
and diagnostic criteria of APD. The American Speech-Language-Hearing Association (ASHA, 2005), 
the American Academy of Audiology (AAA, 2010), and the British Society of Audiology (BSA, 2011a) 
stated that APD arises from deficiencies in the central nervous system, which can lead to impaired 
performance on behavioral psychoacoustic tasks (Moore, Rosen, Bamiou, Campbell, & Sirimanna, 
2013). There is debate on how to differentiate between the processing of auditory information and 
higher order functions, such as cognition and/or language, and whether the processing of both speech 
and nonspeech sounds is impaired in children with APD (Cacace & McFarland, 2009). According to the 
BSA (2011a), “APD is characterized by poor perception of both speech and nonspeech sounds, and is a 
collection of symptoms that usually co-occurs with other neurodevelopmental disorders” (p. 3). In their 
position statement, they also indicated that “attention is a key element of auditory processing and that 
attention may make a major contribution to APD” (BSA, 2011a; Moore, 2011). The working groups of 
ASHA (2005) and AAA (2010) make no distinction between the processing of speech and nonspeech 
information and did not include higher order cognitive and/or language-related functions in their 
definition. According to these working groups, abilities such as phonological awareness, attention, and 
memory may be associated with central auditory processing difficulties. However, they did not include 
these skills in their definition because these are considered higher order cognitive, communicative, and/
or language-related functions (ASHA, 2005). Cacace and McFarland (McFarland & Cacace, 1995; Cacace 
& McFarland, 2005, 2013;) defined APD as “a modality specific perceptual dysfunction that is not due to 
peripheral hearing loss” and claimed that there is no basis for diagnosing APD when modality specificity 
cannot be demonstrated with any degree of certainty in patients concerning listening problems (Cacace 
& McFarland, 2013, p. 573).

The diagnosis of APD is currently achieved by using a variety of criteria such as the presence of a 
minimal set of specific symptoms (e.g., listening difficulties in the presence of background noise) and/or 
poor performance on auditory processing tests (Cacace & McFarland, 2009; Ahmmed et al., 2014). The 
diagnostic criteria provided by ASHA (2005) are poor performance (at least 2 SD below the mean) on 
two or more tests of the APD test battery or a performance of 3 SD below the mean on one component 
of the test battery. ASHA did not specify whether the poor performance must be present in one or both 
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ears. In contrast, AAA (2010) did specify ear performance in their diagnostic criteria. The diagnostic 
criterion of AAA is a score of 2 SD or more below the mean for at least one ear on at least two different 
tests of the APD test battery. BSA (2011a) did not mention specific diagnostic criteria in their most 
current position statement, although they did note that APD should be assessed with the utilization of 
standardized tests of auditory perception and that both direct and indirect measures (e.g., questionnaires) 
should be used.

A key issue is that there is currently no gold standard available for assessing APD, and none of the 
available tests meet the criteria of good validity and reliability (Katz et al., 2002; Keith, 2009; BSA, 2011a; 
Moore et al., 2013). W. J. Wilson and Arnott (2013) used nine diagnostic criteria from international 
literature (Bellis, 2003; ASHA, 2005; Dawes & Bishop, 2009; McArthur, 2009; AAA, 2010; BSA, 2011a) 
for diagnosing APD in 150 children who were referred for an APD assessment. They reported diagnosis 
rates ranging from 7.3% to 96.0% when using the different criteria (W. J. Wilson & Arnott, 2013).

As a consequence of the ongoing debate about APD, speech-language pathologists and audiologists 
find it difficult to identify and subsequently treat children with possible APD (Friel-Patti, 1999; Richard, 
2011). A prerequisite for suitable treatment of APD is recognition of APD. One of the most frequently 
reported characteristics of APD is an obvious impairment of auditory perception, especially in the 
presence of background noise (Jerger & Musiek, 2000; ASHA, 2005). Other frequently reported 
symptoms are difficulties with comprehending and complying with verbal instructions, misinterpreting 
oral messages, requesting repetition, problems with maintaining focus, and having difficulties with the 
localization of sounds (ASHA, 2005; DeBonis & Moncrieff, 2008; AAA, 2010; Moore et al., 2013). In this 
systematic review, we describe studies comparing the performance of children with listening difficulties 
(suspected APD [susAPD] or APD) with that of their typically developing (TD) peers. The aim of this 
systematic review is to describe the characteristics of APD and susAPD and to provide a summary of the 
differences in performance on behavioral, physiological, and neuroimaging measurements. The central 
question of this systematic review is whether the listening difficulties of children with susAPD are due to a 
specific auditory deficit or to a multimodal deficit.

METHOD
Identification of Studies

Between January 2012 and March 2012, the following six electronic databases were searched: PubMed, 
CINAHL, Eric, PsychINFO, Communication & Mass Media Complete, and EMBASE. In May 2015, a 
second search was conducted in five of the six electronic databases (Pubmed, CINAHL, Eric, PsychINFO, 
and Communication & Mass Media Complete) to locate studies that were published between March 
2012 and May 2015. The results of EMBASE were not included in the second search because of 
significant differences in use and outcome of the database in comparison with the first search.

In PubMed, the following search terms were utilized to identify studies: (“Auditory Diseases, Central 
”[Mesh] OR auditory processing[tiab] OR auditory perceptual[tiab]) AND (child[tiab] OR children[tiab] 
OR adolescent*[tiab]). In CINAHL, Eric, PsychINFO, and Communication & Mass Media Complete, 
the following search terms were used to identify studies: (TI “auditory processing” OR TI “auditory 
perception” OR TI “auditory perceptual”) OR (AB “auditory processing” OR AB “auditory perception” 
OR AB “auditory perceptual”) AND (AB child OR AB adolescent). In EMBASE, the search terms included 
“auditory processing,” “auditory perception,” “auditory perceptual” child:ab OR children:ab OR 
adolescent:ab OR adolescents:ab.
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Inclusion and Exclusion Criteria

Studies published from 1954 to May 31, 2015, were considered eligible if they met the following 
criteria: (a) They were published in a peer-reviewed journal and were written in English, (b) the focus 
of the study was to investigate whether the characteristics or performance of children with susAPD or 
clinically diagnosed APD in the presence of normal peripheral hearing differ from those of TD children 
or normative data from TD children, (c) the study contained data regarding participants primarily under 
age 18 years, (d) participants in the experimental group had either susAPD or a diagnosis of APD (for 
details see Supplement), (e) participants in the control group were TD children or a norm group that was 
described in detail, and (f) the study contained a description of the research method and tests used for 
the identification of differences between children with susAPD or APD and their TD peers.

Studies were excluded when (a) the focus was to investigate auditory processing skills in children with 
a main diagnosis of learning difficulties, speech-language impairment (SLI) or language impairment, 
dyslexia, attention-deficit/ hyperactivity disorder (ADHD), or autism; (b) participants were neonates 
or individuals with peripheral hearing loss, chronic otitis media, brain damage, neuropathy, cochlear 
implants, or Down syndrome; and (c) the study contained nonreviewed books or book chapters, narrative 
reviews, dissertations, or case studies or case series. RefWorks was used to remove duplicates. A review 
protocol (see Supplement) was created to ensure that each reviewer applied the same criteria during the 
process of selection, screening, and data extraction.

Search Outcome

First, two reviewers (the first and second authors) independently screened the titles of the remaining 
studies against the inclusion and exclusion criteria. Second, two reviewers (the first and second or 
first and last authors), blinded to each other’s results, screened the remaining studies according to the 
abstracts. The selections of both reviewers were compared. Because it was not always obvious from the 
abstract whether the study satisfied the inclusion criteria, remaining studies were read more extensively 
for eligibility by one of the three reviewers (the first, second, and last authors). They individually read 
and reviewed the study against the formulated criteria for inclusion. In the event of uncertainty, a 
second author reviewed the study. In a final consensus meeting, all selections were discussed, and any 
discrepancies between reviewers’ evaluations were resolved by consensus.

Quality Assessment and Data Extraction

Each included study was independently reviewed and evaluated for methodological quality by two 
reviewers (the first and second or first and last authors) with ASHA’s levels of evidence (LOE) scheme 
(Mullen, 2007). The two reviewers, blinded to each other’s results, appraised each study on the basis 
of the quality indicators: study design, blinding, sampling/allocation, group/participant comparability, 
outcomes, significance, and precision. The quality indicator “intention to treat” of ASHA’s LOE scheme 
was removed because there were no treatment studies included in the review. One point was assigned 
for each marker that satisfied the highest level of quality. In the cases of indicators with multiple possible 
levels, only the highest level of quality received 1 point (for a description, see Table 1). A final score was 
derived from the total number of indicators that conformed to the highest level of quality. The highest 
possible quality score was 7 points. All discrepancies were resolved by consensus among the three 
reviewers in a consensus meeting.
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Table 1. Quality Indicators in the ASHA Levels-of-Evidence Scheme (Mullen, 2007).
Indicator Quality Marker

Study design Controlled trial  
Cohort study  
Single-subject design or case control study  
Cross-sectional study or Case series 
Case study 

Blinding Yes = Assessors blinded  
No = Assessors not blinded or not stated 

Sampling Yes = Random sample adequately described  
No = Random sample inadequately described  
No = Convenience sample adequately described  
No = Convenience sample inadequately described or hand-picked sample or not stated 

Group / participant comparability Yes = Groups comparable at baseline on important factors (between-subject design) or 
subject(s) adequately described (within subject design)  
No = Groups/subjects not comparable at baseline or comparability not reported or subject(s) not 
adequately described  

Outcomes Yes = At least one primary outcome measure is valid and reliable  
Reasonable = Validity is unknown but appears reasonable; measure is reliable  
No = Invalid and/or unreliable 

Significance Yes = P value reported or calculable  
No = P value neither reported nor calculable 

Precision Yes = Effect size and confidence interval reported or calculable  
No = Effect size or confidence interval, but not both, reported or calculable  
No = Neither effect size or confidence interval reported or calculable 

Boldface indicates highest level of quality marker.  

 
On the basis of the quality score, we classified studies into three categories. Studies assigned 5 to 7 points 
were classified as strong, studies awarded 2 to 4 points were classified as moderate, and studies awarded 
1 or 0 points were classified as weak (adapted to the quality assessment tool developed by Gyorkos et al., 
1994). The quality score refers to the internal validity of a study (i.e., how well the study was carried out). 
Strong studies had no major weaknesses in the design that threatened the internal validity of the study 
and the likelihood of the results (minor threats of information bias, selection bias, and confounders).

Variables were compiled in order to extract relevant data from the studies. The list of variables was 
established with discussion between the first two authors. The list contained the following components:

1. Study characteristics: sample size, definition of APD used, norm used to diagnose APD, aim of the 
study, and research question

2. Participant characteristics: description, age, gender, diagnosis and comorbidity (inclusion and 
exclusion criteria), and education

3. Measures: auditory processing tests, hearing tests, speech and language tests, intelligence and 
attention tests, and other measurements

4. Study results: main outcome, main findings, and significant symptoms reported for APD

All information and aggregated data were extracted from the selected studies, and methodological 
assessment was based on information provided in the studies. Missing information is indicated as not 
reported.
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Figure 1. Process for identifi cation of included studies. Adapted from: Moher, D., Liberati, A., Tetzlaff, J., 
& Altman, D. G., The PRISMA Group (2009). 

RESULTS
In total, 3,317 references were screened by title, and 548 studies were screened by abstracts. Of the 
remaining 194 studies, eligibility was assessed by one of the three authors (the fi rst, second, or last 
authors). A total of 141 full-text studies were excluded for various reasons.

Most excluded studies in Stage 3 (full-text articles assessed for eligibility) reported no group differences 
between children with susAPD and TD controls or investigated auditory processing skills in children with 
a primary diagnosis of learning diffi culties, dyslexia, language impairment, or ADHD. One study was 
excluded because it was not clear whether the study contained data regarding participants under age 18 
years (the study mentioned only that the 40 children in the study groups were between 7 and 24 years 
of age). Six studies were excluded because children in the control group were initially referred to a clinic 
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because of APD concerns but subsequently were classified as non–APD after elaborate testing. Last, 
53 studies were included for assessing the methodological quality. Figure 1 illustrates the identification, 
selection, and reasons for exclusion of the studies in this review (Prisma Flow Diagram, Moher, Liberati, 
Tetzlaff, Altman, & The PRISMA Group, 2009). The two experiments described in the study by 
Schmithorst, Farah, and Keith (2013) were both utilized in this systematic review and were categorized 
into Experiment A and Experiment B in the tables.

Methodological Quality

Five studies (Gopal & Kowalski, 1999; Meister, von Wedel, & Walger, 2004; Phillips, Comeau, & Andrus, 
2010; Tobey, Cullen, & Rampp, 1979; Zwissler et al., 2014) were classified as weak on the basis of the 
total quality score and are excluded from this systematic review (see Table 2); 47 studies were classified 
as moderate, and only one study had strong internal validity. In total, 48 studies were included in this 
systematic review (see Table 3).

Table 2. Methodological quality of the excluded studies. Critical appraisal ratings of excluded studies 
evaluated with the ASHA’s levels-of-evidence (ASHA’s LOE) scheme (Mullen, 2007). Based on the quality 
score studies awarded with one or no points were classified as weak and were excluded from the review.
Study Study Design Assessor 

Blinded
Random 
Sample

Groups / 
Participants 
Comparable

Valid Primary 
Outcome 
Measure(s)a

Signifcance  
Reported or 
Calculable

Precision 
Reported or 
Calculable

Total 
Quality 
Score

Gopal & 
Kowalski, 1999

Case-control study No No No Yes No No 1/7

Meister et al., 
2004

Case-control study No No No No Yes No 1/7

Phillips et al.,  
2010

Case-control study No No No No Yes No 1/7

Tobey et al.,  
1979

Case-control study No No No No Yes No 1/7

Zwissler et al.,
2014

Case-control study No No No Yes No No 1/7 

aAt the criterion “Valid primary outcome measures” three answer options were possible, namely: Yes, Reasonable, and No. Al other 

criterion had two possible outcomes, Yes or No. Boldface indicates highest level of quality in each category. 

Table 3. Methodological quality of the included studies. Critical appraisal ratings of included studies 
evaluated with the ASHA’s levels-of-evidence (ASHA’s LOE) scheme (Mullen, 2007). Based on the quality 
score studies awarded with two to four points were classified as moderate, and studies awarded with five 
to seven points were classified as strong.
Study Study Design Assessor 

Blinded
Random 
Sample

Groups / 
Participants 
Comparable

Valid Primary 
Outcome 
Measure(s)a

Significance 
Reported or 
Calculable

Precision 
Reported or 
Calculable

Total 
Quality 
Score

Balen et al.,  
2009

Cross-sectional study No No No Reasonable Yes Yes 2/7

Bellis et al.,  
2008

Cross-sectional study No No No Reasonable Yes Yes 2/7

Bellis et al.,  
2011

Cross-sectional study No No No Reasonable Yes Yes 2/7

Bench & Maule, 
1997

Case-control study No No No Reasonable Yes Yes 2/7

Cameron et al.,  
2006

Cross-sectional study No No No Reasonable Yes Yes 2/7
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Study Study Design Assessor 
Blinded

Random 
Sample

Groups / 
Participants 
Comparable

Valid Primary 
Outcome 
Measure(s)a

Significance 
Reported or 
Calculable

Precision 
Reported or 
Calculable

Total 
Quality 
Score

Dagenais et al.,  
1997

Case-control study No No No Reasonable Yes Yes 2/7

Dawes et al., 
2009

Cross-sectional study No No No Reasonable Yes Yes 2/7

Elliott et al.,  
2007

Case-control study No No No No Yes Yes 2/7

Iliadou & 
Bamiou,  
2012

Case-control study No No No No Yes Yes 2/7

Lagace et al.,  
2011

Case-control study No No No Reasonable Yes Yes 2/7

Ludwig et al.,  
2014

Case-control study No No No Reasonable Yes Yes 2/7

Putter-Katz et al.,  
2002

Case-control study No No No No Yes Yes 2/7

Rickard et al., 
2013

Case-control study No No No Reasonable Yes Yes 2/7

Rocha-Muniz et 
al., 2014 

Cross-sectional study No No No Reasonable Yes Yes 2/7

Yalçinkaya et al., 
2009

Case-control study No No No No Yes Yes 2/7

Barry et al.,  
2015

Case-control study No No No Yes Yes Yes 3/7 

Burguetti et al., 
2008

Case-control study No No No Yes Yes Yes 3/7

Butler et al.,  
2011

Case-control study No No No Yes Yes Yes 3/7

Cameron & 
Dillon, 2008

Cross-sectional study No No No Yes Yes Yes 3/7

Dhamani et al., 
2013

Cross-sectional study No No Yes Reasonable Yes Yes 3/7

Farah et al., 2014 Case-control study No No No Yes Yes Yes 3/7

Ferguson et al., 
2011

Cross-sectional study No No No Yes Yes Yes 3/7

Ferguson & 
Moore, 2014

Cross-sectional study No No No Yes Yes Yes 3/7 

Gopal & Pierel, 
1999

Case-control study No No No Yes Yes Yes 3/7

Gyldenkærne et 
al., 2014 

Case-control study No No No Yes Yes Yes 3/7 

Jirsa & Clontz, 
1990

Case-control study No No No Yes Yes Yes 3/7

Kumar & Singh, 
2015

Case-control study No No No Yes Yes Yes 3/7

Kreisman et al., 
2012

Case-control study No No No Yes Yes Yes 3/7

Liasis et al., 2003 Case-control study No No No Yes Yes Yes 3/7

Maerlender, 2010 Cross-sectional study No No No Yes Yes Yes 3/7

Moossavi et al., 
2014 

Case-control study No No No Yes Yes Yes 3/7

Muchnik et al., 
2004

Case-control study No No No Yes Yes Yes 3/7

Pluta et al., 2014 Case-control study No No No Yes Yes Yes 3/7
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Study Study Design Assessor 
Blinded

Random 
Sample

Groups / 
Participants 
Comparable

Valid Primary 
Outcome 
Measure(s)a

Significance 
Reported or 
Calculable

Precision 
Reported or 
Calculable

Total 
Quality 
Score

Rocha-Muniz et 
al., 2012

Cross-sectional study No No No Yes Yes Yes 3/7

Roggia & 
Colares, 2008

Case-control study No No No Yes Yes Yes 3/7

Rosen et al., 
2010

Case-control study No No No Yes Yes Yes 3/7

Sanches & 
Carvallo, 2006

Case-control study No No No Yes Yes Yes 3/7

Schmithorst et 
al., 2013

Case-control study No No No Yes Yes Yes 3/7

Sharma et al., 
2014

Case-control study No No No Yes Yes Yes 3/7

Sharma, Purdy, & 
Kelly, 2014

Case-control study No No No Yes Yes Yes 3/7

Tomlin et al., 
2015

Case-control study No No No Yes Yes Yes 3/7

Vanniasegaram 
et al., 2004

Case-control study No No No Yes Yes Yes 3/7

Yalçinkaya et al., 
2010

Case-control study No No No Yes Yes Yes 3/7

Gopal et al., 
2002

Case-control study Yes No No Yes Yes Yes 4/7

James et al., 
1994

Case-control study No No Yes Yes Yes Yes 4/7

Jirsa, 2001 Case-control study Yes No No Yes Yes Yes 4/7

Olakunbi et al., 
2010

Case-control study No No Yes Yes Yes Yes 4/7

Moore et al., 
2010

Cross-sectional study No Yes Yes Yes Yes Yes 5/7

Studies are arranged from low to high quality score. 

aAt the criterion “Valid primary outcome measures” three answer options were possible, namely: Yes, Reasonable, and No. Al other 

criterion had two possible outcomes, Yes or No. Boldface indicates highest level of quality in each category. 

All studies were based on cross-sectional data, and most studies used a case- control design (n = 35). 
In all of the studies, p values were reported. The researchers were blinded in only two studies (Gopal, 
Daily, & Kao, 2002; Jirsa, 2001), and only one study used a randomly selected sample (Moore, Ferguson, 
Edmondson-Jones, Ratib, & Riley, 2010). In 16 studies, it was not clear whether the authors used a 
valid outcome measure. Information regarding validity and/or reliability was missing in these studies. 
In only four studies (Dhamani, Leung, Carlile, & Sharma, 2013; James, Van Steenbrugge, & Chiveralls, 
1994; Moore et al., 2010; Olakunbi, Bamiou, Stewart, & Luxon, 2010) the participants within groups 
were well described (with participant information in a table) and the children in the different groups 
were comparable in hearing; language, intelligence, and reading abilities; and the absence of comorbid 
disorders.

APD or susAPD

The included studies used dissimilar terminology to describe the experimental group. A number of studies 
used the term susAPD (instead of APD or central APD) to describe children with listening difficulties. 
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Three studies used a different term—auditory listening problems (Yalçinkaya, Yilmaz & Muluk, 2010) or 
listening difficulties (Dhamani et al., 2013; Sharma, Dhamani, Leung & Carlile, 2014) — instead of APD. 
In case of susAPD, either there was suspicion of APD or children were at risk for APD. The terms APD 
and central APD refer to children with a diagnosis of APD. In Tables 4, 5, 6, 7, and 8, the column that 
refers to the number of APD participants included in the study uses lettered footnotes to denote cases 
where the authors utilized the term susAPD.

In 18 of the 48 included studies, the experimental groups were children with susAPD (including 
the studies of Dhamani et al. [2013] and Sharma et al. [2014], in which they used the term listening 
difficulties). Children with susAPD were included on the basis of (a) a presumption of the parents, 
teacher, and/or speech-language therapist (n = 5); (b) a reference for an APD assessment to an audiology 
clinic due to abnormal auditory behavior (n = 7); or (c) low results on an APD screening test (e.g., the 
SCAN or SCAN-A test; Keith, 1986, 1994; n = 5). Moore et al. (2010) used a population approach. Their 
study included 1,469 randomly selected 6- to 11-year-old children with normal hearing who were divided 
into groups: children with poorer auditory processing (lower 5%, n ≈ 73) and children with typical 
auditory processing (upper 95%, n ≈ 1,396).

In 30 of the 48 studies, the experimental group consisted of children with diagnosed APD, including the 
study by Yalçinkaya et al. (2010), which used the term auditory listening problems. The diagnosis was 
made on the basis of various criteria. Seventeen studies used the criterion of a low result on two or more 
of the behavioral diagnostic auditory processing tests. Nine of the 17 studies specified a low result at 2 
SD below the mean. Six studies utilized low results (1 or 2 SD below the mean) on one or more of the 
auditory processing tests, and two studies used low results on three or more of the behavioral diagnostic 
auditory processing tests as a diagnostic criterion. Three studies used typical symptoms reported by 
parents or teachers (e.g., difficulty hearing with background noise, difficulty understanding or following 
directions in the classroom, difficulty remaining focused and easily distracted) as diagnostic criteria. In 
this systematic review, we refer to the group of children with susAPD or diagnosed APD as children with 
APD.

Sanches and Carvallo (2006) included two APD groups (I and II). Children in Group I exhibited low 
scores (<68% in one or both ears) on the speech-in-noise test and < 85% on the Staggered Spondaic 
Word (SSW)1 test, and children in Group II demonstrated normal scores (>68% in both ears) on the 
speech-in-noise test and < 85% on the SSW test. Both groups are included in this systematic review. 
Five studies (Barry, Tomlin, Moore, & Dillon, 2015; Gyldenkærne, Dillon, Sharma, & Purdy, 2014; Iliadou 
& Bamiou, 2012; Ludwig et al., 2014; Tomlin, Dillon, Sharma, & Rance, 2015) included a clinical group 
of children with listening difficulties and a referral for an APD assessment in their study. On the basis of 
performance on APD assessment and diagnostic criteria of APD, they divided the clinical group into a 
subgroup of APD+ (those who met diagnostic criteria for APD) and a subgroup of APD– (those without 
an APD diagnosis). From these five studies, only the data of the APD+ group in comparison with their TD 
peers were used in this systematic review.

Three of the included studies had no control group with TD peers but used normative data as a control 
group (Cameron & Dillon, 2008; Cameron, Dillon, & Newall, 2006; Maerlender, 2010). Two studies used 
more than one control group. Elliot, Bhagat, and Lynn (2007) included 11 age-matched controls and 
11 span- matched controls, and James et al. (1994) included six age-matched controls and six language 
age-matched controls. Both control groups were included in this systematic review.

1 Sanches and Carvallo (2006) used the Portuguese version of the SSW. No reference was included in their article. The original test 

(English version) was developed by Katz (1962).
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Table 4. Summary of participant characteristics, reported measurements, and characteristics of children in 
the auditory processing disorders (APD) group for studies that made use of questionnaires and checklists. 

n Age range (M) Gender

  Study TD APD TD APD TD APD Measurement Characteristics of APD Group

Barry et 
al., 2015

14 12 7.1 – 
12.8
(9.62)

7.1 – 
12.8
(8.35)

M=4
F=10

M=7
F=5

LIFE: short version On all questionnaires, children 
with APD were rated as having 
more difficulties 
(greater listening difficulty). 

TEAP

ECLiPS: parental 
report

FAPC: parental report 

Ferguson 
et al., 
2011

47 19 6.0 – 
11.9  
(8.7)

6.2 – 
13.9  
(9.07)

M=26
F=21

M=13  
F=6 

CPRS-R:S ns

CCC-2 Poorer General Communication 
Composite scores and all 
individual CCC-2 scale scores.

CHAPPS Poorer performance scores 
for the Noise, Multiple Inputs, 
Auditory Memory and Auditory 
Attention scales.

Moore et 
al., 2010

NRc,d NRa,c,d 6 - 12 6 - 12 NR NR CCC-2 (GCC score) Poorer General Communication 
Composite scores.

CHAPPS (total score)
 

Poorer auditory processing is not 
related to everyday listening (no 
association between CHAPPS 
results and separate auditory 
processing test results)
Poorer total scores on the 
CHAPPS in children with 
lower performers on the derived 
Frequency Resolution test and 
composite auditory processing 
measure. 

Iliadou & 
Bamiou, 
2012

39 38 11.4 – 
12.7b  
(12.14)

11.4 
– 12.7 
(12.21)

M=24b

F=15
M=25 
F=13 

CHAPPS - Greek 
version 

Poorer performance scores on 
all six scales (Ideal, Quiet, Noise, 
Multiple Inputs, Auditory 
Attention, Auditory Memory).

Sharma et 
al., 2014 

15 21a 10 – 15
(12.5)

10 – 15
(12.3)

NR NR Self-developed 
questionnaire 

Lower scores for attention and 
memory, listening ability in quiet, 
and listening-in-noise ability. 

Kreisman 
et al., 
2012

20 19 9.6 – 
16.9b   
(12.79)

9.5 – 
17.8
(11.93)

M=6b

F=14
M=9  
F=10 

SSRS Greater psychosocial problems, 
reported by parents, on the 
subscales Responsibility, 
Externalizing Problem Behaviors, 
and Internalizing Problem 
Behaviors. 

BASC-2 Greater psychosocial problems, 
reported by parents, on the 
subscales Externalizing Problems, 
Internalizing Problems, 
Behavioral Symptoms Index and 
Adaptive Skills Index. 
Greater psychosocial problems, 
reported by the children, on the 
Emotional Symptoms Index.
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n Age range (M) Gender

  Study TD APD TD APD TD APD Measurement Characteristics of APD Group

COOP-A Greater psychosocial problems, 
reported by parents, on the Pain, 
School Work, Emotional Feelings 
and Self-Esteem subscale.
Greater psychosocial problems, 
reported by the children, on the 
Emotional Feeling and Overall 
Health subscales.

Olakunbi 
et al., 
2010

8 8 7.3 – 
14.8b  
(10.3)

7.3 – 
14.8  
(11.5)

M=4b

F=4
M=5  
F=3 

GMAP (reduced form: 
Melody and Metre 
subtests)

Poorer in judging metre.

Yalçinkaya 
et al., 
2009

41 26a 7 - 8  
(7.58)

7 - 8  
(7.66)

M=25  
F=16 

M=21  
F=5 

ORS from the CELF-4. Poorer listening skills
Better speaking, reading, and 
writing skills

 
Studies are arranged in order of the measurements used. Age is presented in years.

a = Suspected APD; b = age or gender matched; c = Moore et al. (2011) used the population approach in their study. In the study, 

1469 randomly chosen, 6- to 11-year-olds with normal hearing were included. For the analyses, Moore et al. divided the group into 

children with poorer auditory processing (suspected APD) and children with typical auditory processing. The children with poorer 

auditory processing were defined as the lower 5% of the included children (5% of 1469 children ≈ 73 children), and the children with 

typical auditory processing were defined as the upper 95% of the included children (95% of 1469 children ≈ 1396 children). dThe two 

questionnaires used in the study (CCC-2 & CHAPPS) were sent in a follow-up letter to caregivers, only 60% (n = 856) completed both 

questionnaires.

APD = auditory processing disorders; F = female; M = mean; M = male; ns = no significant differences between groups; NR = not 

reported; TD = typically developing children.

BASC-2 = Behavioral Assessment System for Children, Second edition (Reynolds & Kamphaus, 2004); CCC-2 = Children’s 

Communication Checklist, second edition (Bishop, 2003); CHAPPS = Children’s Auditory Processing Performance Scale (Smoski et al., 

1998); COOP-A = Dartmouth Primary Care Cooperative Information Project Charts for Adolescents (Wasson et al. = 1994); CPRS-R:S 

= Conners’ Parent Rating Scale, revised: Short From (Conners, 1996); ECLiPS = Evaluation of Children’s Listening and Processing skills: 

Parental-Report measure (Barry & Moore, 2014); FAPC = Fisher’s Auditory Problems Checklist: Parental-Report measure (Fisher, 1976); 

GMAP = Gordon’s Musical Aptitude Profile – reduced form: Melody and Metre subtests (Gordon, 2001); LIFE = Listening Inventory for 

Education-Revised (shortened version: Purdy et al., 2009. LIFE; Anderson et al., 2011); ORS; from the CELF-4 = Observational Rating 

Scale from the Clinical Evaluation of Language Fundamentals, fourth ed. (Semel, Wiig, & Secord, 2003); SSRS = Social Skills Rating 

System (Gresham & Elliot, 1990); TEAP = Teacher Evaluation of Auditory Performance (Purdy et al., 2002). 
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Table 5. Summary of participant characteristics, reported measurements, and characteristics of children in 
the auditory processing disorders (APD) group for studies that made use of auditory and/or visual  
behavioral measurements.

n Age range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

Ferguson 
et al., 2011

47 19 6.0 – 
11.9  
(8.7)

6.2 – 
13.9  
(9.07)

M=26
F=21

M=13  
F=6 

Speech intelligibility: 
ASL derived from 
the BKB sentences 
and VCV non-words 
(in quiet and in 
speech-modulated 
noise)

ns

Moore et 
al., 2010

1396 c 73 a,c 6 - 12 6 - 12 NR NR Speech-in-noise test 
(VCV nonwords in 
speech-modulated 
noise)

Poorer speech-in-noise (VCV) 
perception. 

Lagace et 
al., 2011

10 10 8.11 – 
12.5b   
(10.3)

9.4 – 
12.10  
(10.6)

M=5b 
F= 5 

M=5  
F= 5

Speech perception in 
noise: TPB 

Poorer overall sentence key word 
recognition scores (for both high- 
and low- predictable sentences and 
at all four SNRs (-3, 0, +3, +4). 
Poorer average key word recognition 
score at signal-to-noise ratio (SNR) 
of 0 and +3 dB. 
Same benefit from linguistic con-
textual information when listening 
to speech in the presence of back-
ground noise.  

Balen et 
al., 2009

12 12 7.01-
10.10  
(9.05)

7.01-
10.06  
(7.59)

NR NR RGDT Higher mean values of the silence 
interval thresholds in all frequencies.

Cameron 
et al., 2006

nd 
(48)

10a b 7.0 – 
9.11  
(8.6)

M=7  
F=3 

LiSN – prototype Poorer performance on all LISN SNR 
and advantage measures (low-cue 
SNR, high-cue SNR, tonal 
advantage, spatial advantage and 
total advantage). 
Poorest performance (outside 
normal limits) on condition where 
the maskers were spatially separated 
from the target (spatial advantage 
measure). 

Cameron 
& Dillon, 
2008

nd 
(70)

9a b 6.6 – 
11.2 
(9.1)

NR M=8
F=1

 LiSN-S Poorer performance on conditions 
where the maskers were spatially 
separated from the target.

Barry et al., 
2015

14 12 7.1 – 
12.8
(9.62)

7.1 – 
12.8
(8.35)

M=4
F=10

M=7
F=5

DDT Poorer performance. 

FPT Poorer performance. 

MLD ns

GIN Poorer performance. 

LiSN-S:
High cue
Low cue
Tonal advantage
Spatial advantage
Total advantage

Poorer performance. 

Poorer performance. 

ns

ns

ns
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n Age range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

Sharma, 
Dharmani 
et al., 2014 

15 21a 10 – 15
(12.5)

10 – 15
(12.3)

NR NR DDT ns

FPT Poorer performance (lower mean 
scores). 

MLD Poorer performance (higher mean 
scores).

GIN ns

LiSN-S:
High cue
Low cue
Talker advantage
Spatial advantage
Total advantage

ns

Modulation 
detection: SAM

Poorer performance (lower mean 
scores). 

TFS1 & TSF-LF tests ns

Speech localization ns

Stream segregation: 
ABA_paradigm

ns

FD: brief tone FD Poorer performance 
(higher thresholds). 

Gylden-    
kærne et 
al., 2014

18 101a 6.8-12.8
NR

6.8-12.8
NR

NR NR DDT Poorer performance (lower mean 
percentage correct scores for left and 
right ear).  

FPT Poorer performance (lower mean 
percentage correct scores binaurally). 

MLD ns

GIN ns

Rocha-
Muniz et 
al., 2014 

25 25 6 - 12
(8.80)

6 – 12
(8.72)

NR NR Speech-in-noise 
test (monosyllabic 
words)

Poorer performance (lower mean 
scores for left and right ear). 

DDT Poorer performance (lower mean 
scores for left and right ear). 

PFT Poorer performance (lower mean 
scores binaurally).

Rosen et 
al., 2010

28 20a 6 - 14b

(10.3)
6 - 14  
(10.1)

M=15
F=13

M=13 
F=7 

DDT Poorer performance (lower mean 
scores for left and right ear). 

PFT Poorer performance (lower mean 
scores binaurally).

Vanniase-
garam et 
al., 2004

33 32a 6 - 14b  
(10.2)

6 - 14  
(10.1)

M=18  
F=15 

M=20 
F=12 

Pure tone 
audiometry 

Poorer mean auditory thresholds 
across all frequencies (average 
threshold HLs within normal limits).

 Tympanometry ns

Competing 
Sentences: dichotic 
listening task

Poorer performance (lower scores, 
on average, in both ears).

TDT Poorer performance at all 
interstimulus intervals (ISIs), and at 
short and long ISIs separately (14 of 
the 32 children).

CCMP Poorer performance (11 of the 32 
children).

SM / BM ns
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n Age range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

Olakunbi 
et al., 2010

8 8 7.3 – 
14.8b 
(10.3)

7.3 – 
14.8  
(11.5)

M=4b

F=4
M=5 
F=3 

DDT ns

FPT Poorer performance (lower mean 
scores for left and right ear). 

DPT Poorer performance (lower mean 
scores only for the right ear). 

Bellis et al., 
2008

10 7 NR
(12.6)

NR
(10.86)

M=6
F=4

NR DDT Poorer overall performance.
Poorer left-ear performance. 
Larger REA on auditory task.

Visual analog of the 
DDT 
(self-developed) 

Poorer overall performance. 
Poorer left-visual field performance.
Right RVFA (reversed pattern of 
asymmetry).

Bellis et al., 
2011

10 7 NR
(12.6)

NR
(10.9) 

NR NR DDT, FPT & DPT Poorer overall performance. 
Poorest performance on the auditory 
patterns tests (FPT, DPT).
Better performance in the humming 
response condition than labeling 
performance for the auditory FPT 
and DPT. 
Larger REA for the auditory Dichotic 
Digits task.

Visual analogs: 
Dichoptic Digits, 
Visual High-Low, 
Visual Duration 
Patterns 
(self-developed)

Poorer overall performance. 
Poorest performance on the visual 
patterns tests.
Better performance in the humming 
response condition than labeling 
performance for Visual high/low 
task.
Reversed laterality for the Dichoptic 
Digit task (right-visual-field advan-
tage (RVFA) instead of left-visual 
field advantage (LVFA)).

Dawes et 
al., 2009

98 22 6-11
NR

6-13
(10.1)

NRd M=14 
F=8

Auditory: 2-Hz FM ns

Auditory: 40-Hz FM Poorer performance

Auditory: 240-Hz 
FM

Poorer performance

Auditory: IRN 
detection

Poorer performance 

Visual: Coherent 
form detection 

ns

Visual: Coherent 
motion detection 

ns

Dagenais 
et al., 1997

10 10 8 – 10b

(8.9)
8 - 10  
(8.7)

M=7b  
F=3 

M=7 
F=3

VRT paradigm: 
visual presented 
one- and two- 
syllable words

Slower performance: longer VRTs in 
the one-syllable words in the 
immediate-response condition.
More errors for both 
(one-syllable and two-syllable) 
long-delay conditions. 

Putter-Katz 
et al., 2002

9 10 5.5 - 15 5.5 - 15 NR NR The Hebrew speech 
discrimination test: 
Word recognition 
scores 

ns
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n Age range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

The Hebrew speech 
discrimination test: 
VRT

Slower performance: longer mean 
VRTs. 

Moossavi 
et al., 2014

20 17 9 - 11  
(9.4)

9 - 11  
(9.1)

M=13  
F=7

M=12 
F=5

Lateralization test 
(ITD-LPN / ITD-
HPN and IID-LPN / 
IID-HPN) 

Poorer performance on all 
lateralization tests (higher mean 
errors).

Ferguson 
& Moore, 
2014

47 19 6 – 13 
(8.6)

6 – 13  
(9.7)

M=26
F=21

M=13 
F=6 

IHR-STAR software:
Tone detection in 
quiet 

1k200
1k20

Derived AP: 
Temporal integration

Poorer (higher) thresholds
Poorer (higher) thresholds

ns

BM Poorer (higher) thresholds 

SM
SM0
SMN

Derived AP: 
Frequency resolution

ns
Poorer (higher) thresholds

ns

FD Poorer (higher) thresholds

Ludwig et 
al., 2014

313 39 6 – 19
(11.7)

6 – 17
(9.1)

M=156  
F=157

M=31 
F=8

Inter-aural test:
Frequency
Level
Duration

Poorer performance on all tests 
(elevated discrimination thresholds).

Dichotic test:
Frequency
Level
Duration
SAM 

Poorer performance on all tests 
(elevated thresholds).

Elliott et 
al., 2007

22 11 Age-
match: 
85 – 156 
monthsb

(129.45)
Span-
match: 
74 – 127 
months  
(101.64)

87 – 166 
months  
(130.64) 
 

Age-
match:
M=3 
F=8
Span-
match: 
M=6 
F=5

M=4 
F=7

Serial recall with 
irrelevant-sounds 
task (tones and 
speech)

Best performance in quiet and 
equally disrupted by both speech 
and tones (e.g., controls are more 
disrupted by speech than by tones).

James et 
al., 1994

12 6 Age-
match: 
8.2 – 
10.7b 
(9.8)
Laguage-
match:
7.3 – 9.6 
(7.9)

8.6 – 
10.8  
(9.9)

M=12 M=6 Auditory phoneme 
discrimination task

Poorer performance (lower mean 
performance in the word and 
non-word phonological processing 
subtest; poorest in discriminating 
non-words).

The Auditory 
Lexical Decision Test 
- Imageability and 
Frequency (PALPA)

Poorer performance (lower average 
score).

Auditory word 
comprehension: test 
for Spoken Word 
to Picture Matching 
(PALPA)

Poorer performance (lower mean 
performance score).
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n Age range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

Rickard et 
al., 2013

10 15 8.3 – 
11.3b

(9.4)

7.11 – 
12.11
(9.2)

M=9b

F=1
M=12 
F=3

UCAST-FW  Poorer in understanding speech 
when high frequency information 
is removed from the speech signal 
(higher mean UCAST-FW score). 

 

Studies are arranged in order of the measurements used. Age is presented in years except where indicated format is in months. 

a = Suspected APD; b = age or gender matched; c = Moore et al. (2011) used the population approach in their study. In the study, 1469 

randomly chosen, 6- to 11-year-olds with normal hearing were included. For the analyses, Moore et al. divided the group into children 

with poorer auditory processing (suspected APD) and children with typical auditory processing. The children with poorer auditory 

processing were defined as the lower 5% of the included children (5% of 1469 children ≈ 73 children), and the children with typical 

auditory processing were defined as the upper 95% of the included children (95% of 1469 children ≈ 1396 children). dThe authors 

reported that there were approximately equal numbers of boys and girls in each year-normative group (Dawes et al., 2009). 

APD = auditory processing disorders; CV = consonant – vowel; F = female; M = mean; M = male; nd = normative data; ns = no 

significant differences between groups; NR = not reported; SNR = Signal-to-noise ratio; TD = typically developing children; VCV = 

vowel-consonant-vowel.

ASL = Adaptive sentence list (MacLeod & Summerfield, 1990) derived from the BKB (Bamford-Kowal-Bench) sentences (Bench et al., 

1979); BM = Backward masking; CCMP = Consonant Cluster Minimal Pairs (Adlard & Hazan, 1998); Competing Sentences: dichotic 

listening task (based on Bergman et al., 1987); DDT = Dichotic digits test (Musiek, 1983); DPT = Duration Patterns test (Pinheiro 

& Musiek, 1985; Musiek et al., 1990); FD = frequency discrimination; FM = frequency modulation; FPT = Frequency Patterns test 

(Pinheiro & Ptacek, 1971; Musiek, 1994; Musiek, 2002); GIN = Gaps in Noise (Baker et al., 2008; Musiek et al., 2005); HPN = High 

pass noise; IHR-STAR software = Institute of Hearing Research STAR software (Barry et al., 2010); IID = inter-aural intensity differences; 

IRN = Iterated Rippled Noise; ITD = inter-aural time differences; LiSN =Listening in Spatialized Noise test (Cameron & Dillon, 2007); 

LiSN-S = Listening in Spatialized Noise test-sentences (Cameron & Dillon, 2007; 2008); PALPA = Psycholinguistic Assessments of 

Language Processing of Aphasia (Kay et al., 1992); LPN = Low pass noise; MLD = Masking Level Difference (Wilson et al., 2003); PFT 

= Pattern of Frequency test; RGDT = Random Gap Detection test (McCroskey & Keith, 1996; Keith, 2002); SAM = sinusoidal amplitude 

modulation; SM = Simultaneous masking; SM / BM = Simultaneous and Backward Masking tasks (Wright et al., 1997); TDT = Tallal 

Discrimination Task (Tallal & Piercy, 1973); TPB = Test de phrases dans le bruit (a Canadian French speech-in-noise test; Lagacé et al., 

2010); TFS = temporal fine structure; UCAST-FW = University of Canterbury Adaptive Speech Test – Filtered Words (O’Beirne et al., 

2012); VRT = Vocal Reaction Time (VRT) paradigm.



Listening difficulties in children  - Auditory processing and beyond

43

Table 6. Summary of participant characteristics, reported measurements, and characteristics of children 
in the auditory processing disorders (APD) group for studies that made use of cognitive, language, and 
reading behavioral measurements.

n Age Range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

Barry et al., 
2015

14 12 7.1 – 
12.8  
(9.62)

7.1 – 
12.8
(8.35)

M=4
F=10

M=7
F=5

TONI: NV-IQ Poorer performance. 

Serial short-term 
memory: Digit span 
(forward)

Poorer performance. 

Working memory: 
Digit span 
(backward)

Poorer performance. 

Attention quotient:
IVA+Plus 
Sustained attention 
(auditory & visual) 

Poorer performance (poorer 
mean scores). 

WARP Poorer performance. 

Gylden-
kærne et al., 
2014

18 101a 6.8-12.8
NR

6.8-
12.8
NR

NR NR TONI-3: NV-IQ Poorer performance (lower mean 
standard scores). 

WARP Poorer performance (less mean 
words/minute).

IVA+Plus 
Sustained attention:

Auditory
Visual

Poorer performance (lower mean 
scores for auditory and visual 
sustained attention). 

Tomlin et 
al., 2015

50 36 7.0 – 
12.2 
(9.3)

7.0 – 
12.9 
NR 

M=19
F=31

NR Digit Span subset 
(forward & 
backward)
(CELF-4)

Poorer performance (poorer 
cognitive ability).  

TONI-4: NV-IQ Poorer performance (poorer 
cognitive ability).   

IVA+Plus 
Sustained attention:

Auditory
Visual

Poorer performance (poorer 
cognitive ability).   

Dhamani et 
al., 2013

12 12a 10 – 15b

(12.5) 
10 – 15
(11.38) 

NR NR Selective attention 
and attention 
switching task: 
Modified Multi-
probe signal method

Poorer (slower) attention 
switching.
Poorer inhibitory control. 
Higher overall false-alarm rates. 

Sharma, 
Dhamani et 
al., 2014 

15 21a 10 – 15
(12.5)

10 – 15
(12.3)

NR NR Digit Span test 
(CELF-4)

Poorer performance (lower mean 
scores). 

Selective attention 
and attention 
switching task

Poorer (slower) attention 
switching. 
Poorer inhibitory control. 
Higher false-alarm rate at the 
expected epoch and higher 
overall false-alarm rates.

Sustained auditory 
attention: auditory 
continuous 
performance test

ns
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n Age Range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

Moore et 
al., 2010

1396 c 73 a,c 6 - 12 6 - 12 NR NR IHR Cued Attention 
Test: Novel Extrinsic 
test (auditory and 
visual) 

Auditory phasic alertness is not 
related to any individual AP task 
threshold.
Reduced visual alertness: visual 
alertness is related generally to 
AP threshold and specifically to 
backward masking and FD.

Intrinsic Attention More variable response profiles. 

Matrix Reasoning of 
the WASI

Poorer performance on individual 
tests achieved lower mean 
standard scores.
Poorer performance on the 
derived AP tests achieved no 
lower mean standard scores. 

Digit Span subtest of 
the WISC-III

Poorer performance on individual 
tests achieved lower mean 
standard scores.
Poorer performance on the 
derived AP tests achieved no 
lower mean standard scores. 

The repetition of 
nonsense words sub-
set of the NEPSY

Poorer performance on individual 
tests achieved lower mean 
standard scores.
Poorer performance on the 
derived AP tests achieved no 
lower mean standard scores. 

Word and Non-word 
test of the TOWRE

Poorer performance on individual 
tests achieved lower mean 
standard scores.
Poorer performance on the 
derived AP tests achieved no 
lower mean standard scores. 

Ferguson et 
al., 2011

47 19 6.0 – 
11.9 
(8.7)

6.2 – 
13.9 
(9.07)

M=26
F=21

M=13 
F=6 

Matrix Reasoning 
and Vocabulary sub-
test of the WASI 

Poorer performance on test of 
IQ (lower mean age-equivalent 
scores for overall IQ, Nonverbal 
IQ, verbal IQ).

The repetition of 
nonsense words sub-
set of the NEPSY 

Poorer performance on test of 
language (lower mean age-equiv-
alent score for repetition of 
nonsense words).

Spoonerisms subset 
of the Phonological 
Assessment Battery

Poorer performance on test of 
language (lower mean age-
equivalent scores for phonology). 

TOWRE Poorer performance on test of 
reading (lower mean age-
equivalent scores)

TROG-E Poorer performance on test of 
language (lower mean age-
equivalent scores for receptive 
grammar). 

Digit Span subtest of 
the WISC-III

ns

Rosen et al., 
2010

28 20a 6 - 14b

(10.3)
6 - 14  
(10.1)

M=15
F=13

M=13 
F=7 

BPVS Poorer performance, but within 
normal limits on average (BPVS: 
98.1). 
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n Age Range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

TROG Poorer performance, but within 
normal limits on average (TROG: 
93.5). 

Four NV-IQ measures 
from the WISC 
(picture completion, 
coding, block design 
and object assembly)

Poorer performance, but 
within normal limits on average 
(non-verbal IQ: 96.4). 
Lower standard scores on three of 
the four non-verbal IQ subtests 
(picture completion, coding, block 
design). 

Maerlender, 
2010

 nd
(22)

22 b 7-14 b M=14 
F=8 

DSF (WISC-IV) Poorer performance (lower mean 
value).
Lower mean scores than the 
other short-term memory scores 
within subjects.

DSB (WISC-IV) Poorer performance (lower mean 
value).

LSR (WISC-IV) ns

LSNR (WISC-IV) Poorer performance (lower mean 
value). 

Moossavi et 
al., 2014

20 17 9 - 11  
(9.4)

9 - 11  
(9.1)

M=13 
F=7

M=12
F=5

DSF (WISC-IV) Poorer performance (lower mean 
scores). 

DSB (WISC-IV) Poorer performance (lower mean 
scores).

Persian non-word 
repetition test

Poorer performance (lower mean 
scores).

James et al., 
1994

12 6 Age-
match: 
8.2 – 
10.7b 
(9.8)

Lan-
guage- 
match:
7.3 – 9.6  
(7.9)

8.6 – 
10.8 
(9.9)

M=12 M=6 Repetition tasks / 
immediate 
phonological 
memory: non-word 
repetition task

Poorer performance on the 
repetition of non-words 
(three- and four-syllable words).

Phonological 
similarity effect and 
effect of word length 
on serial recall task

Poorer performance on serial 
word recall (overall recall became 
poorer with an increase of list 
length).

Articulation rates task ns

Bench & 
Maule, 
1997

18 18 8.3 - 
12.7  
(10.8)

8.2 - 
12.8  
(10.7)

M=14b  
F=4 

M=14 
F=4 

Internal Speech 
Memory Test

Higher mean percentage errors.
Less use of internal speech.

  

Studies are arranged in order of the measurements used. Age is presented in years except where indicated format is in months.

a = Suspected APD; b = age or gender matched; c = Moore et al. (2011) used the population approach in their study. In the study, 1469 

randomly chosen, 6- to 11-year-olds with normal hearing were included. For the analyses, Moore et al. divided the group into children 

with poorer auditory processing (suspected APD) and children with typical auditory processing. The children with poorer auditory 

processing were defined as the lower 5% of the included children (5% of 1469 children ≈ 73 children), and the children with typical 

auditory processing were defined as the upper 95% of the included children (95% of 1469 children ≈ 1396 children). AP = Auditory 

processing; APD = auditory processing disorders; F = female; FD = Frequency Discrimination; IQ = Intelligence quotient; M = mean; 

M = male; nd = normative data; ns = no significant differences between groups; NR = not reported; TD = typically developing children.

BPVS = British Picture Vocabulary scale (Dunn & Dunn, 2009); DSB = Digit Span backward (subtest WISC-IV; Wechsler et al., 2004); 
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DSF = Digit Span forward (subtest WISC-IV; Wechsler et al., 2004); Internal Speech Memory Test (Conrad, 1979); IHR Cued Attention 

Test: Novel Extrinsic test, Institute of Hearing Research Cued Attention test (Riley et al., 2009); IVA+Plus / IVA-CPT = Integrated Visual 

and Auditory Continuous Performance test– BrainTrain (Sandford & Turner, 1995; 2014); LSNR = Letter Span nonrhyming (subtest 

WISC-IV; Wechsler et al., 2004); LSR = Letter Span rhyming (subtest WISC-IV; Wechsler et al., 2004); NEPSY = Neuropsychological 

Test Battery (Korkman et al., 1998); NV-IQ = Non-verbal intelligence quotient; Persian non-word repetition test (Moossavi et al., 

2014); Spoonerisms subset (Walton & Brooks, 1995) of the Phonological Assessment Battery (Frederickson et al., 1997); TONI-3 = 

Test of Nonverbal Intelligence (Brown et al., 1997); TONI-4 = Test of Nonverbal Intelligence (Brown et al., 2010); TOWRE = Test 

of Word Reading Efficiency (Torgesen et al., 1999); TROG-E = Test for Reception of Grammar, version 2, Electronic (Bishop, 2005); 

WARP = Wheldall Assessment of Reading Passages (Madelaine & Wheldall, 2002); WASI = Wechsler Abbreviated Scale of Intelligence 

(Wechsler, 1999); WISC-III = Wechsler Intelligence Scale for Children, third edition (Wechsler, 1991); WISC-IV = Wechsler Intelligence 

Scale for Children, fourth edition (Wechsler et al., 2004). 

Table 7. Summary of participant characteristics, reported measurements, and characteristics of children in 
the auditory processing disorders (APD) group for studies that made use of electroacoustic and  
electrophysiological measures of the auditory system.

n Age range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

Butler et al., 2011 8 8 8 – 13  
(10.8)

8 – 13  
(11.3)

M=5b   
F=3 

M=5  F=3 DPOAE 
contralateral 
suppression 

ns

Burguetti & 
Carvallo, 2008

38 50 9 -10 9 -10 M=18 
F=20 

M=26 
F=24 

TOAE 
contralateral 
suppression 

ns

Acoustic reflex 
sensitization 

ns

Muchnik et al., 
2004

15 15 8 - 13b  
(9.13)

8 - 13  
(9.47)

M=11b   
F=4 

M=11  
F=4 

TEOAE levels Higher TEOAE levels with and 
without CAS in both ears (only in 
the standard window). 

TEOAE 
contralateral 
suppression

Reduced suppression effect (lower 
mean suppression values). 

Sanches & 
Carvallo, 2006

15 I: 20  
II: 16

7 - 11 7 - 11 M=7
F=8

I: 
M=10
F=10

II: 
M=8 
F=8

TEOAE 
contralateral 
suppression

Higher proportional lack of 
suppression in both APD groups. 

Yalçinkaya et al., 
2010

12 12 5 – 10b   
(6.58)

5 - 10  
(6.58)

M=8b  
F=4 

M=8  F=4 TEOAE 
contralateral 
suppression 

Right ear: 
Lower TEOAE amplitudes at 1.0 
kHz and 3.0 kHz.
Reduced suppression effect (lower 
suppression values at 1.0 kHz and 
2.0 kHz). 
Left ear: 
Reduced suppression effect (lower 
suppression values at 2.0 kHz). 

Gopal & Pierel, 
1999

9 9a 7 - 13  
(10.7)

7 - 13  
(9.2)

NR NR ABR BIC 
(binaural and 
monaural 
stimuli)

Smaller BIC amplitude occurring 
in the latency domain of ABR 
peak V.
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n Age range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

Gopal et al., 2002 10 10a 9.2 – 
15.7  
(11.8)

9.2 – 
15.7  
(12.5) 

M=6  
F= 4 

M=7  F= 
3  

ABR
(monaural 
stimuli) 

Longer latencies of waves III 
and V.
Smaller mean amplitudes of waves 
III and V. 
Left ear: smaller wave I 
descending and wave III and V 
ascending slopes at the low 
repetition rate condition. 
Right ear: smaller wave V 
ascending slope at the high 
repetition rate condition. 

Jirsa, 2001 30 37 b 9.2 – 
13.6 

M=17b

F=13
M=20
F= 17 

ABR (MLS)
(binaural 
stimuli – 
monaural 
responses) 

Longer wave V latency for both 
the left and right ear.
Larger variance for wave V 
latency. 

Kumar & Singh, 
2015

15 15a 6 – 12b

(9.33)
8 – 12
(9.87)

M=8
F=7

M=8
F=7

Speech-
evoked ABR 
(BioMARK; 
speech syllable 
/da/)

Longer latencies of wave V and A
Higher overall scores on BioMark

Rocha-Muniz et 
al., 2012

18 18 6 – 12
(109.83 
months)

6 – 12 
(110 
months)

M=10
F=8

M=14
F=4

Speech-
evoked ABR 
(speech 
syllable /da/)

Increase latency only for initial 
negative peak. 

Liasis et al., 2003 9 9a 8 - 12b

(10)
8 - 12 
(9.5)

M=5  
F=4 

M=4  F=5 Speech-
evoked ERP 
(speech 
syllable /ba/ 
versus /da/)

Longer N1 peak latency.
Larger peak-to-peak amplitude of 
the P85-120-N1 and P2-N2.
Smaller peak-to-peak amplitude of 
the N1-P2.  
MMN (difference in onset, 
duration or peak latency):
ns

Roggia & Colares, 
2008 

8 8 9 – 14b 9 – 14 M=4b  
F=4 

M=4  F=4 AEP: 
mismatch 
negativity 

ns

Sharma, Purdy, & 
Kelly, 2014

22 55 7 - 12
(10.7)

9 - 12
(9.7)

M=10 
F=12

M=36  
F=19

Speech-
evoked 
Cortical AEP 
(speech 
syllable /da/ 
per stimulus 
condition, 
with noise and 
quiet blocks 
randomized)

Smaller P1 amplitude.
Smaller N250 amplitude in quiet 
only.

Jirsa & Clontz, 
1990

18 18a b 9.2 – 
11.6 

NRb NR Auditory ERP 
(binaural 
clicks)

Delayed mean latency for the N1, 
P2 and P3 components.
Longer interpeak latency interval 
P2-P3.
Lower P3 amplitude. 

Studies are arranged in order of the measurements used. Age is presented in years except where indicated format is in months.  

a = Suspected APD; b = age or gender matched. 

APD = auditory processing disorders; F = female; M = mean; M = male; ns = no significant differences between groups; NR = not 

reported; TD = typically developing children. ABR = Auditory Brainstem Responses; AEP = Auditory Evoked Potentials; BIC = Binaural 

Interaction Component; CAS = Contralateral Acoustic Stimulation; DPOAE = Distortion Product Otoacoustic Emission; ERP = Event-Re-

lated Potentials; MLS = Maximum length sequences; MMN = Mismatch negativity; TOAE = Transient Otoacoustic Emissions; TEOAE = 

Transient Evoked Otoacoustic Emissions.
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Table 8. Summary of participant characteristics, reported measurements, and characteristics of children in 
the auditory processing disorders (APD) group for studies that made use of neuroimaging measurements.

n Age range (M) Gender

Study TD APD TD APD TD APD Measurement Characteristics APD Group

Farah et al., 
2014

12 12a 7 – 14b 
(10.9)

7 -14 
(10.9) 

M=10b

F=2 
M=10
F=2

DTI (during dichotic 
listening task with 
speech-related 
stimuli) 

White matter microstructure 
differences:
Decreased fractional anisotropy 
in frontal multifocal white matter 
regions centered in prefrontal cortex 
bilaterally and left anterior cingulate. 
Increased radial diffusivity and 
decreased axial diffusivity accounted 
for the decreased fractional 
anisotropy, suggesting delayed 
myelination in frontal white matter 
tracts and disrupted fiber 
organization.
Increased mean diffusivity in 
temporal white matter in the left 
sublenticular part of the internal 
capsule. 

Pluta et al., 
2014

15 13 7.0 -16.0
(11.7)

7.3 -16.0
(12.2)

M=8
F=7

M=6
F=7

Resting state fMRI: 
ReHo

Differences in resting-state brain 
activity in APD group: decreased 
co-activation of the superior frontal 
gyrus and the posterior cingulate 
cortex/the precuneus.

 Resting state fMRI: 
ICA

Inconsistent results; drawing 
conclusions is not possible

Schmithorst 
et al., 2013 
Experiment A

12 12a 7 -14
(133.6 
months)

7 – 14
(129.9 
months) 

M=10
F=2

M=10
F=2

fMRI (during dichotic 
listening task with 
speech-related 
stimuli)

Lesser functional activation in the 
left frontal eye fields during dichotic 
speech-related presentations relative 
to dichotic presentations. 

Schmithorst 
et al., 2013 
Experiment B

14 10a 7 – 14 
(131.1 
months)

7 -14 
(131.3 
months) 

M=12
F=2

M=8
F=2

DTI (during dichotic 
listening task with 
speech-related 
stimuli)

Greater axial diffusivity in the 
sublenticular part of the left internal 
capsule.

Age is presented in years, except where indicated format is in months. The study by Schmithorst et al., 2013 contains two experiments, 

which we have termed Experiment A and Experiment B. 

a = Suspected APD; b = age or gender matched. 

APD = auditory processing disorders; F = female; M = mean; M = male; NR = not reported; TD = typically developing children. 

DTI = Diffusion Tensor Imaging; fMRI = Functional Magnetic Resonance Imaging; ICA = Independent Component Analysis; ReHo = 

Regional Homogeneity.

General Study Characteristics

The total number of participants experiencing APD in the 48 included studies was 1,033, compared 
with 2,714 participants in the control groups. The sample size of the experimental groups varied from 
six (James et al., 1994) to 101 (Gyldenkærne et al., 2014), and the sample size of the controls varied 
from six (James et al., 1994) to 1,396 (Moore et al., 2010). All of the included studies except the study 
by Maerlender (2010) mentioned that children in the experimental and control groups exhibited normal 
peripheral hearing. Ten studies reported no gender information. In studies that gave information about 
gender, 64.0% of the participants with APD were boys (n = 424) and 36.0% of the participants with 
APD were girls (n = 239), whereas 54.9% of the controls were boys (n = 600) and 45.1% of the controls 
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were girls (n = 492). Fifteen studies matched the control and experimental groups by gender, and 20 
studies matched the control and experimental groups by age. The mean age of the participants in the 
APD group was 9 years 10 months (range: 5 years–17 years 6 months), and the mean age of the controls 
was 10 years 1 month (range: 5–19 years).

Characteristics of Children With APD

Studies were grouped on the basis of the type of measurements used: (a) questionnaires and checklists; 
(b) auditory and visual behavioral tests; (c) cognitive, language, and reading behavioral tests; 
(d) electroacoustic and electrophysiological tests; and (e) neuroimaging measurements. Tables 4–8 
illustrate the participant characteristics, measurements used, and the characteristics associated with APD. 
Only significant group differences between children with APD and TD children are reported. A number of 
studies are mentioned more than once because they utilized different types of measurements within the 
study. Only the primary outcome measurements of the studies are included in this systematic review (i.e., 
performance on tests used for inclusion is not reported).

Questionnaires and Checklists

All eight studies that used parental or teacher-based questionnaires or checklists determined significantly 
less adequate performances in children with APD (see Table 4 for details). Children with APD were rated 
as having more listening difficulties and poorer listening skills compared with their TD peers. Furthermore, 
they had lower attention and memory skills, poorer communication abilities, and greater psychosocial 
problems and were poorer at judging metre, which is a specific part of musical skills. Questionnaires are a 
relatively cheap and quick assessment tool that can be deployed easily in health care. According to Moore 
et al. (2013), well-designed and validated questionnaires are a good and useful instrument for capturing 
and characterizing the problems of children with listening complaints. However, no well-validated 
or standardized questionnaires or checklists are available for assessing listening difficulties in children 
(Moore, 2012; Moore et al., 2013).

A questionnaire that is commonly used in APD testing, although without known validity, is the 
Children’s Auditory Processing Performance Scale (CHAPPS; Smoski, Brunt, & Tannahill, 1998). The 
CHAPPS is a questionnaire designed for teachers of children with listening difficulties to rate the listening 
abilities of a child against his or her classmates on six scales (Noise, Quiet, Ideal, Multiple Inputs, Auditory 
Memory/Sequencing, and Auditory Attention). In this systematic review, three studies used the CHAPPS. 
Two of the studies reported poorer scores in children with APD on four (Ferguson, Hall, Riley, & Moore, 
2011) to six (Iliadou & Bamiou, 2012) subscales of the CHAPPS. The Noise, Memory, and Attention 
subscales showed the poorest scores.

Barry et al. (2015) compared three other currently available questionnaires for assessing listening 
difficulties in children (Fisher’s Auditory Problems Checklist: Fisher, 1976; Listening Inventory for 
Education–Revised: Anderson, Smaldino, & Spangler, 2011; Teacher Evaluation of Auditory Performance: 
Purdy, Kelly, & Davies, 2002) with a new developed and well-designed questionnaire (Evaluation of 
Children’s Listening and Processing Skills: Barry & Moore, 2014) to assess whether the new questionnaire 
can contribute to the clinical assessment of children with APD. All questionnaires used in the study by 
Barry et al. (2015) were sensitive to the presence of listening difficulties. However, the four questionnaires 
also correlated with the cognitive measures of the study. This raises the question of which construct is 
measured with questionnaires designed for assessing listening difficulties.
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A well-designed and validated questionnaire for screening a child’s communication abilities (DeBonis, 
2015; Ferguson et al., 2011; Moore et al., 2013) is the Children’s Communication Checklist–Second 
Edition (CCC-2; Bishop, 2003). The only study with strong internal validity included in this systematic 
review (Moore et al., 2010) discovered that poorer-for-age performance on the individual auditory 
processing tests was significantly related to poor communication (measured with the CCC-2). Also, 
Ferguson et al. (2011) reported significantly lower performance on the CCC-2 in children with APD.

Auditory and/or Visual Behavioral Measurements

Of the 24 studies that used auditory and/or visual behavioral tests, 23 demonstrated significantly lower 
scores in children with APD (see Table 5 for details). In contrast, the study by Ferguson et al. (2011) 
determined no differences between groups.

There were between-studies variations in participant performance on auditory tests. This could be 
explained by the use of various tests to measure auditory processing and the application of different 
norms and cutoff points for the tests. Some of the studies showed that children with APD have poorer 
performance on tests of temporal processing (Balen et al., 2009; Barry et al., 2015; Bellis, Billiet, & Ross, 
2011; Gyldenkærne et al., 2014; Olakunbi et al., 2010; Rocha-Muniz et al., 2014; Rosen, Cohen, & 
Vanniasegaram, 2010; Sharma, Purdy, & Kelly, 2014). All children included in the APD groups had poorer 
performance on auditory pattern tests (e.g., Frequency Pattern Test, Musiek, 1994, 2002; Noffsinger, 
Wilson, & Musiek, 1994; Pinheiro & Ptacek, 1971; see also Duration Pattern Test, Musiek, Baran, & 
Pinheiro, 1990; Pinheiro & Musiek, 1985). However, the performance on tests of temporal resolution 
(e.g., Random Gap Detection Test, Keith, 2002; see also Gaps-In-Noise Test, Musiek et al., 2005) differed 
between studies.

The ability of children to separate or integrate stimuli presented binaurally can be tested with the 
Masking Level Differences Test (Aithal, Yonovitz, & Aithal, 2006; Wilson, Moncrieff, Townsend, & 
Pillion, 2003), the Competing Sentence Test (Bergman, Hirsch, Solzi, & Mankowitz, 1987; Willeford & 
Burleigh, 1994), or the Dichotic Digits Test (Musiek, 1983). The performance of children with APD on 
tests of binaural processing differed among studies (Barry et al., 2015; Bellis, Billiet, & Ross, 2008; Bellis 
et al., 2011; Gyldenkærne et al., 2014; Olakunbi et al., 2010; Rocha-Muniz et al., 2014; Rosen et al., 
2010; Sharma et al., 2014; Vanniasegaram, Cohen, & Rosen, 2004). Although all studies used the same 
Dichotic Digit Test (Musiek, 1983), not all studies found significant differences in binaural integration 
skills between children with APD and their TD peers.

A speech-in-noise test or low-pass filter test can be used to assess the ability of a child to listen in a 
noisy environment (e.g., Speech Perception in Noise Test, Kalikow, Stevens, & Elliott, 1977; Bamford-
Kowal-Bench Speech- in-Noise Test, Bench, Kowal, & Bamford, 1979; Nyquette, 2005; see also Listening 
in Spatialized Noise- Sentences Test, Cameron & Dillon, 2007, 2008; Dillon, Cameron, Glyde, Wilson, & 
Tomlin, 2012), one of the main complaints of children with listening difficulties. Cameron et al. (2006) 
and Cameron and Dillon (2008) reported that children with APD were within normal limits on a task in 
which the distraction voice and the speaker were the same voice originating from the same location. 
Instead, APD children exhibited diminished performance in the condition in which the masker and target 
were spatially separated. However, Barry et al. (2015) and Sharma et al. (2014) found no differences 
between children with APD and TD children in the condition in which the mask was spatially separated 
from the target. The one study with the highest quality rating of 5 points reported that poor performance 
of children on individual auditory processing tests was related to poor speech-in-noise performance and 
that more deficient speech-in-noise was also associated with lower cognitive scores (Moore et al., 2010).
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Three studies (Bellis et al., 2008, 2011; Dagenais, Cox, Southwood, & Smith, 1997) reported that 
children with APD, in addition to the lower scores on auditory tests, had lower scores for visual 
measurements. In the study by Dawes et al. (2009), significant group differences were reported for three 
of the auditory tasks but not for the visual tasks. However, the proportion of children who performed 
more poorly on visual tasks was higher in the APD group than in the control group. Dagenais et al. 
(1997) reported that children with APD demonstrated longer vocal reaction times and produced more 
errors than the controls on a visual vocal reaction time paradigm. Putter-Katz et al. (2002) also found 
slower performance in children with APD but found no differences between groups in performance 
accuracy on an auditory vocal reaction time paradigm.

Cognitive, Language, and Reading Behavioral Measurements

All 12 studies that used cognitive, language, and/or reading behavioral tests found lower scores 
in children with APD (see Table 6). The results show that children with APD had poorer nonverbal 
intelligence (NV-IQ), poorer memory and attention skills, and lower scores on tests for language 
(grammar, phonology, and vocabulary) and reading.

Cognitive measurements include several aspects of cognition. In this systematic review, cognitive 
abilities were divided into intelligence, memory, and attention skills (Ferguson et al., 2011; Moore, 2015; 
Moore & Hunter, 2013). All studies that included an NV-IQ test (Barry et al., 2015; Ferguson et al., 
2011; Gyldenkærne et al., 2014; Moore et al., 2010; Rosen et al., 2010; Tomlin et al., 2015) found lower 
mean standard scores in children with APD compared with their TD peers. However, Rosen et al. (2010) 
mentioned that the IQ scores of children with APD were lower than those of the controls but were within 
normal limits on average. Similar results were found in studies that included an attention test (Barry et al., 
2015; Dhamani et al., 2013; Gyldenkærne et al., 2014; Moore et al., 2010; Sharma et al., 2014; Tomlin 
et al., 2015).

Auditory memory span can be divided into short-term memory and working memory. In almost all 
studies (Barry et al., 2015; Bench & Maule, 1997; Ferguson et al., 2011; James et al., 1994; Maerlender, 
2010; Moore et al., 2010; Moossavi, Mehrkian, Lotfi, Faghihzadeh, & Sajedi, 2014; Sharma et al., 2014; 
Tomlin et al., 2015), children with APD turned out to have weaker performance on tests of memory. 
Bench and Maule (1997) also reported memory recall problems with visually presented words in children 
with APD. Ferguson et al. (2011) did not report significant differences in memory span between children 
with APD and TD children.

Lower performance of children with APD was also found on tests of language and reading abilities. Still, 
some studies mentioned that the significantly poorer performance of children with APD compared with 
TD children was within normal limits on average.

The authors of the one study with the highest quality rating (Moore et al., 2010) reported that reduced 
general cognitive ability and auditory inattention were predictors of listening difficulties. Moore et al. 
(2010) compared children’s cognitive abilities with their auditory processing skills. Children with low 
performance on the individual auditory processing tests also exhibited weak cognitive, communication, 
and speech- in-noise performance and performed more poorly on a visual alertness task and on intrinsic 
auditory attention measures.

Electroacoustic and Electrophysiological Measures of the Auditory System

Nine of the 14 studies that used electroacoustic or electrophysiological measures reported significantly 
abnormal performance in children with APD. Three of the studies (Burguetti & Carvallo, 2008; Butler, 
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Purcell, & Allen, 2011; Roggia & Colares, 2008) found no differences between the groups (see Table 7).
Otoacoustic emissions (OAEs) were used as an outcome measurement in five studies (Burguetti & 

Carvallo, 2008; Butler et al., 2011; Muchnik et al., 2004; Sanches & Carvallo, 2006; Yalçinkaya et al., 
2010), four of which used transient evoked OAEs and one of which used distortion product OAEs. 
Three of the five studies found reduced transient evoked OAE suppression effects in children with APD 
(Muchnik et al., 2004; Sanches & Carvallo, 2006; Yalçinkaya et al., 2010), and two of the five studies 
reported no group differences (Burguetti & Carvallo, 2008; Butler et al., 2011). Auditory brainstem 
responses (ABRs) were used in nine studies (Gopal et al., 2002; Gopal & Pierel, 1999; Jirsa, 2001; Jirsa 
& Clontz, 1990; Kumar & Singh, 2015; Liasis et al., 2003; Rocha-Muniz, Befi-Lopes, & Schochat, 2012; 
Roggia & Colares, 2008; Sharma et al., 2014). Gopal and Pierel (1999) analyzed the binaural interaction 
component (BIC) and observed BIC waveforms in all children. They found no latency differences between 
groups, but they did determine a smaller BIC amplitude in children with APD. Four of the eight studies 
analyzed response peaks, latencies, and/or amplitudes of ABR waves and found smaller mean amplitudes 
and longer latencies of waves III and V in children with APD (Gopal et al., 2002; Jirsa, 2001; Kumar & 
Singh, 2015; Rocha-Muniz et al., 2012). Four of the ABR studies used auditory event-related potentials 
(Jirsa & Clontz, 1990; Liasis et al., 2003; Roggia & Colares, 2008; Sharma et al., 2014) and found smaller 
amplitude and differences in long latency potentials between children with APD and TD children. Liasis 
et al. (2003) and Roggia and Colares (2008) analyzed the mismatch negativity. Both found no significant 
differences in the amplitude and latency of the mismatch negativity between children with APD and 
controls.

Neuroimaging Measurements

Three neuroimaging studies reported differences in brain activity and white matter microstructure 
between children with APD and controls (see Table 8). Two studies (Farah, Schmithorst, Keith, & Holland, 
2014; Schmithorst et al., 2013) used children with susAPD and an atypical left-ear advantage in dichotic 
listening as the experimental group and TD children with a typical right-ear advantage as the controls. 
Sensory and attention deficits can be predictive factors for a left-ear advantage, and an altered white 
matter microstructure was associated with listening difficulties in children. The study by Pluta et al. (2014) 
reported differences in resting-state brain activity between children with APD and controls. Children 
with APD had decreased coactivation of the superior frontal gyrus and the posterior cingulate cortex/the 
precuneus.

DISCUSSION
The purpose of this systematic review was twofold: (a) to describe the characteristics associated with APD 
by evaluating the literature in which the performance of children with suspected or diagnosed APD was 
compared with the performance of TD children, and (b) to determine whether APD must be regarded 
as a deficit specific to the auditory modality or as a multimodal deficit. The results of our review showed 
that several characteristics are significantly associated with children who were referred for an APD 
assessment. Children with listening difficulties scored considerably differently for auditory measurements. 
However, notable dissimilarities between groups were also found in visual functioning, communication, 
cognition, language, and reading and in physiological measures such as auditory event-related potentials, 
OAEs, and brain structure and activity. In other words, the characteristics of children with susAPD are not 
specific or limited to the auditory modality.
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The between-groups results showed that the listening difficulties that were observed in children who 
were referred to an audiology or speech and hearing clinic for an APD assessment were not due to 
impaired peripheral hearing and were more common in boys than in girls. One study (Maerlender, 2010) 
did not explicitly state that the children in the study groups had good peripheral hearing sensitivity, but 
the author referred in the introduction to the definition of APD from Jerger and Musiek (2000), in which 
it was argued that impaired peripheral hearing does not cause the deficits of children with APD. Not all 
studies reported gender information, but in the 35 studies that did provide this information it was shown 
that approximately twice as many boys were included in the APD groups. This is in accordance with the 
2:1 ratio between boys and girls mentioned by Chermak and Musiek (1997).

Comparison between studies is difficult because of differences in chronological age, definition used for 
APD, participant characteristics, and test methods. The mean age of the participants in the APD groups 
was 9 years 10 months. ASHA (2005) and AAA (2010) reported that the use and interpretation of results 
of auditory behavioral measures is complicated in children under age 7 years because of task complexity 
and maturational variability in the central auditory nervous system. It has been argued that maturational 
effects can influence test scores until age 12 years (BSA, 2011b; Whitelaw & Yuskow, 2006). With respect 
to electrophysiological measures, it is known that results vary in children under age 10 years (AAA, 2010; 
ASHA, 2005; BSA, 2011b). The maturational time course is a likely cause for the large between-studies 
variation. Indeed, all studies in this review that used electrophysiological measures included children 
under the age of 10 years in the APD group.

Another possible explanation for the variation in performance between groups could be the fact that 
there was significant variation between studies in recruitment procedure, diagnostic criteria used for APD, 
measurements used to test auditory skills, and information available about the included participants. 
Our finding that different terms were used for the appointment of children in the study group (APD, 
central APD, susAPD, auditory listening problems, listening difficulties) and the presence of even more 
diagnostic criteria used for including children with APD is in accordance with the findings of W. J. Wilson 
and Arnott (2013) and W. J. Wilson, Arnott, and Henning (2013), who mentioned that it is difficult to 
compare different populations or individuals with APD using different criteria. The included samples of 
children were very diverse, and there was substantial variability in intragroup performance. It was difficult 
to detect whether groups were comparable because of missing information regarding the recruitment 
procedure and scarce information about language, reading, and cognitive functions of the included 
children. 

Although the included studies varied with respect to the participant characteristics, the definition of 
APD, the tests used for measuring auditory performance and cognitive skills, the stimuli used, and test 
protocols in electro-acoustic and electrophysiological measures, there were also similarities among the 
different studies. All studies that used an auditory pattern test (Frequency Pattern Test or Duration 
Pattern Test) found significantly poorer performances in children with listening difficulties. In addition, 
similar results were found in children with language impairment (Stollman, van Velzen, Simkens, Snik, & 
van den Broek, 2003). Furthermore, correlations were found between auditory pattern tests and tests of 
NV-IQ as well as between auditory pattern tests and tests of attention (e.g., Gyldenkærne et al., 2014; 
W. J. Wilson et al., 2011).

The results of the studies that used electrophysiological measures, such as ABR, suggest that children 
with listening difficulties have abnormalities in auditory evoked potential latency and amplitude. Similar 
results were found in children with other developmental disorders, such as learning disabilities, dyslexia, 
and SLI (e.g., Bishop, 2007; Purdy et al., 2002). This could be an indication that the listening difficulties 
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of children reflect a more global deficit rather than a specific auditory deficit.
One of the more significant findings to emerge from this study is that cognitive abilities (e.g., NV-IQ, 

memory, and attention) significantly influence the listening difficulties of many children referred for 
auditory processing testing. All studies that used measures of NV-IQ, attention, language, and reading 
reported lower scores (sometimes within normal limits) in children with APD. In addition, two of the 
neuroimaging studies suggested that attention may play a role in the listening problems of children with 
APD. The only study in this systematic review assessed as being methodologically strong (Moore et al., 
2010) reported that the difficulties of children who achieve low scores on auditory processing tests are 
caused by cognitive and attention problems, or top-down processing, rather than by bottom-up, sensory 
processing problems. Ahmmed et al. (2014) did a factor analysis of outcomes from 110 children with 
susAPD on an APD test battery (SCAN-C: Test for Auditory Processing Disorders in Children, Keith, 
2000) and the IMAP (IHR Multicenter Study of Auditory Processing) test battery (Moore et al., 2010) 
to investigate the role of attention, cognition, memory, sensorimotor processing speech, speech, and 
nonspeech auditory processing in children experiencing listening problems. They reported three factors 
underlying the deficits in children with listening difficulties: (a) general auditory processing (represented 
by frequency discrimination, backward masking, simultaneous masking, and monaural low-redundancy 
speech tests), (b) working memory and executive attention (represented by dichotic listening and the 
IMAP cognitive tests), and (c) processing speed and alerting attention (represented by motor response 
times to cued and non-cued auditory and visual stimuli). Children with susAPD performed poorer on 
different combinations of tests assessing these underlying factors. Poorer performance solely on general 
auditory processing was not common. It is surprising that NV-IQ was not an underlying dimension of 
susAPD in the study by Ahmmed et al. (2014). In addition, other studies reported that performance on 
auditory processing tests is associated with the cognitive abilities of a child (e.g., Allen & Allan, 2014; 
DeBonis, 2015; Maerlender, Wallis, & Isquith, 2004).

Comorbidity

As already mentioned, the included samples of children with APD were very heterogeneous. In addition 
to listening complaints, a number of the participants included in the APD groups reported comorbid 
diagnoses such as SLI, dyslexia, ADHD, and/or autism. However, it was not always evident whether 
participants experienced difficulties in other skills in addition to listening problems. Much of the time, 
explicit information regarding language, reading, and cognitive functions of the included children was 
missing.

From previous studies, we are aware that there is an overlap in characteristics between children who 
have been diagnosed with APD, SLI, dyslexia, ADHD, and/or autism (e.g., Dawes & Bishop, 2009, 
2010; Miller & Wagstaff, 2011; Sharma, Purdy, & Kelly, 2009). In our systematic review, we found that 
children who were labeled as children with APD scored lower on language and communication scales; 
experienced attention and memory difficulties; and achieved lower scores on tests of NV-IQ, language, 
and reading. Poor listening skills and inattentiveness are behavioral characteristics that are also found 
in children diagnosed with ADHD (e.g., Dawes & Bishop, 2009; Levy & Parkin, 2003; Riccio & Hynd, 
1996). Lower scores on tests of cognition, language, and communication are also found in children 
with SLI and dyslexia (e.g., Dawes & Bishop, 2009; Levy & Parkin, 2003; Sharma et al., 2009). Dawes 
and Bishop (2010) studied the characteristics of 25 children with an APD diagnosis and 19 children 
with a diagnosis of dyslexia. They found similar performance between the APD group and the dyslexia 
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group on psychometric tests of IQ, auditory processing, language, and literacy. They also reported that 
approximately 50% of the children diagnosed with APD fit a diagnosis of dyslexia and/or SLI (Dawes & 
Bishop, 2010).

On the basis of the corresponding symptoms between disorders, it is of extreme importance that 
cognitive, language, reading, and attention abilities of a child in an APD study are reported. Fey et al. 
(2011) emphasized the difficulty in unraveling the relationship between different test performances of 
children with APD in different studies due to the use of various inclusion criteria and the absence of 
hearing, cognitive, and objective test results for individual participants.

Methodological Quality

Methodological quality of most of the studies included in this systematic review unfortunately was rated 
moderate. Five studies were excluded from the analyses as a result of weak methodological quality, 
and only one study received more than 4 points in the quality appraisal system and therefore qualified 
as having strong internal validity. Heterogeneous groups of participants, inadequate descriptions of 
participants, and the absence of valid and reliable measurements explains the dubious quality of the 
studies. On the other hand, the heterogeneity of the study groups seems a logical consequence of the 
lack of consensus on the nature and definition of developmental APD (Bellis, 2003; Cacace & McFarland, 
2009; Dawes & Bishop, 2009; DeBonis, 2015; Kamhi, 2011; Rosen, 2005).

Validity of Measurements

A major issue in the comparison of the studies is the lack of validity and reliability of the behavioral 
tests and questionnaires used for testing listening difficulties in children (BSA, 2011a; DeBonis, 2015). 
Many auditory processing tests are available for clinicians; however, most are without information about 
validity, reliability, and appropriate norm data (Dawes & Bishop, 2009; Katz et al., 2002; Keith, 2009). As 
a result of missing information about validity and reliability in most studies, the studies included in our 
systematic review scored no points on this item.

Validation of auditory processing tests is also complicated by the fact that there is no consensus 
regarding the construct to be measured. Most of the tests used linguistic information and required 
attention, concentration, and memory skills (Dawes & Bishop, 2009; Moore, 2012; Moore & Hunter, 
2013). The question of whether performance of children on auditory processing tests correlates with 
performance on cognitive, language, and reading tests was examined in several studies. Correlations 
were shown between performances on auditory processing tests (Frequency Pattern Test, SSW, Dichotic 
Digit Test, Gaps-In-Noise Test) and tests of cognition, language, and reading (Allen & Allan, 2014; 
Maerlender et al., 2004; Murphy, La Torre, & Schochat, 2013; Riccio, Cohen, Garrison, & Smith, 2005; 
Tomlin et al., 2015). Allen and Allan (2014) reported that the performance of children on behavioral 
auditory processing tests using speech-based material might be affected by the language abilities of a 
child.

The use of questionnaires to assess listening difficulties of children was proposed by several authors 
(e.g., DeBonis, 2015; Moore et al., 2013). However, no questionnaires with satisfying psychometric 
properties currently are available for assessing listening difficulties. As a consequence, the underlying 
concept being measured is not clear. In the study by Barry et al. (2015), the Evaluation of Children’s 
Listening and Processing Skills questionnaire was particularly sensitive to cognitive difficulties.
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Modality Specificity of APD

Another key issue and topic of debate is whether APD can be considered as a unique and identifiable 
clinical entity. According to Cacace and McFarland (e.g., 2009, 2013), APD can be construed as a distinct 
disorder only if modality specificity can be demonstrated. They recently stated, “If the modality specificity 
of the deficit cannot be demonstrated with any degree of certainty in assessment of APD, then there 
seems to be no basis for concluding that the patients had an auditory-perceptual disorder” (Cacace & 
McFarland, 2013, p. 586). This opinion has been discussed by other researchers (e.g., Dillon et al., 2014; 
Moore & Ferguson, 2014). According to Moore and Hunter (2013), it is impossible to distinguish hearing 
or auditory processing from cognition, and, as a consequence, it is not plausible to speak about modality 
specificity in APD. Dillon et al. (2014) and Moore and Ferguson (2014) believed it is not helpful clinically 
to state that only children with specifically auditory problems can “have” the diagnosis of APD. A way 
of testing modality specificity is the use of a test in a nonauditory modality—for example, the use of a 
visual analog of an auditory processing test (Cacace & McFarland, 2013). Four studies included in this 
systematic review used visual analogs to test modality specificity. The children with APD performed more 
poorly on both visual and auditory tasks, indicating that the listening difficulties were not specific to the 
auditory modality. The overall results of our systematic review also indicate that the listening difficulties 
of children with susAPD and APD are not specific to the auditory modality. These findings are consistent 
with those of other researchers, who also suggested that the processing of auditory stimuli of a child 
demands multiple skills, including in particular those that are visual, auditory, and cognitive in nature 
(e.g., BSA 2011a; Cacace & McFarland, 2009; Dawes & Bishop, 2009; Kamhi, 2011; Levy & Parkin, 
2003; Richard, 2011).

Clinical Implications

In this study, we reported the differences between children with listening difficulties and TD children. The 
results suggest that listening difficulties in children who are referred for an APD assessment do not occur 
only in the auditory domain but rather are multimodal. It is also evident that auditory processing tests are 
influenced by cognitive (NV-IQ, attention, memory), language, and reading skills. Given that there is no 
consensus about APD as a valid diagnostic construct and that there are serious doubts about the validity 
of the auditory processing tests, we recommend evaluating listening difficulties from an interdisciplinary 
perspective in order to obtain the broadest view possible of the child and his or her environment. Because 
of maturational effects in the central auditory pathway, factors such as chronological age should be 
taken into account in the testing of children with listening difficulties. We agree with the recommended 
assessment process proposed by DeBonis (2015)—that assessment of children with listening difficulties 
in the classroom has to start with assessing overall listening abilities and the use of comprehensive global 
testing, including speech and language tests and psychoeducational evaluation. Traditional auditory 
processing tests rarely should be used because they may reflect some aspects of auditory, language, 
and/or cognitive ability (DeBonis, 2015). We also recommend an evaluation of the performance and 
functioning of a child in the classroom and at home (rather than in a clinical setting only) to investigate 
the real-life listening problems of a child.

Although APD may not be a clinical entity, children may still benefit from adjustment of the 
environment (e.g., classrooms with adapted acoustics) or compensation strategies. It will be of interest 
to determine whether auditory intervention programs (e.g., compensation strategies, listening devices, 
training modules) can support the functioning of children with listening difficulties.
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Limitations of the Current Review

Some limitations of this current study must be considered. First, only articles written in English were 
included. Therefore, it is possible that we missed studies written in other languages. Second, case studies 
were not included in our study. However, case studies could provide clinicians valuable evidence (AAA, 
2010). Therefore, deleting them from this systematic review could have slightly biased the results. Third, 
because of our strict inclusion criteria, studies that did not mention auditory processing or one of the 
used synonyms in the title were excluded from this review. Fourth, for evaluating the methodological 
quality of the included studies, we used an adapted version of ASHA’s LOE scheme (Mullen, 2007). The 
original version of ASHA’s LOE also works with the system in which 1 point is assigned when a criterion 
meets the highest quality but does not classify studies into three categories. To qualify the evidence, we 
decided to classify the studies on the basis of their total quality score in weak, moderate, and high studies 
(adapted from the quality tool developed by Gyorkos et al., 1994). In the event of changing the number 
of points for the three categories, it is possible that studies will be assigned to a different category and 
that other studies will be included or excluded from the review as a consequence. Last, given the wide 
variation between studies in terms of participants and outcome measures, we were not able to conduct a 
meta-analysis.

CONCLUSION
We found significant differences between children referred with listening difficulties and TD children. 
These differences relate to auditory and visual functioning, cognition (NV-IQ, attention, and memory), 
language, reading, physiological measures (e.g., auditory event-related potentials and OAEs), and brain 
structure and activity. Our results suggest that the problems of children with listening difficulties are 
multimodal and may be caused by cognitive, memory, attention, and language deficits. Children who are 
referred with listening difficulties may fail the auditory tests that are involved in the typical diagnosis of 
APD. However, it is important to realize that the evidence for a specific auditory condition is inadequate. 
As a consequence, interventions that these children may require might be more successful when focused 
on cognitive or language skills rather than only auditory functioning.
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ABSTRACT
Purpose: The purpose of this letter is to respond to Moncrieff’s (2017) letter to the editor, “Response to 
de Wit et al., 2016, ‘Characteristics of Auditory Processing Disorders: A Systematic Review’”, published in 
May 2017 by the Journal of Speech, Language, and Hearing Research. 

 
Conclusion: We believe that our original conclusions are valid given the limited evidence that is currently 
available about the etiology of auditory processing disorders (APD). The focus of our systematic review 
was to identify the characteristics of children with a diagnosis of APD or a suspicion of APD. The results 
of our study showed that the characteristics of these children are not specific or limited to the auditory 
modality, but are multimodal instead. In our view it is incorrect to use the diagnosis APD, because there 
is not necessarily a specific auditory deficit in a large group of children suffering from listening difficulties. 
Before we start using any new diagnoses, a better insight into how bottom-up and top-down processes 
are precisely involved in listening needs to be developed. In addition, more insight is needed with respect 
to the similarities and differences between the different developmental disorders of children. 
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LETTER TO THE EDITOR
We thank Dr. Moncrieff (2017) for her response to our article, “Characteristics of Auditory Processing 
Disorders: A Systematic Review” (2016), and we are pleased to have the opportunity from the Journal 
of Speech, language, and Hearing Research (JSLHR) to give a response. We believe that the lack of 
clarity about auditory processing disorders (APD) can be reduced by conducting the debate. It is our 
contention that discussions like these contribute to a better understanding of the problems experienced 
by children with listening difficulties, so that the care and treatment of these children can be optimized. 
Moncrieff (2017) disputes the conclusion of our systematic review (de Wit et al., 2016) and claims that 
the conclusion that “the listening difficulties of children with APD may be a consequence of cognitive, 
language, and attention issues rather than bottom-up auditory processing” (p. 384) is not consistent with 
the current developments in the field of APD. According to Moncrieff (2017), progress has been made in 
the (a) clinical diagnosis, and (b) treatment of bottom-up APD in children. 
The primary aim of our systematic review (de Wit et al., 2016) was to determine the characteristics 
associated with (suspected) APD, and to provide a summary of the differences in performance between 
children diagnosed with APD or children suspected of APD (susAPD) and typically developing (TD) 
children on behavioral, physiological and neuroimaging measurements. It was not our intention to 
investigate the auditory processing skills of children with a primary diagnosis other than APD, such as 
learning difficulties (LD), dyslexia, or specific language impairment (SLI), as this was not appropriate 
to the research question of our review. In addition, such reviews have already been published in the 
past (e.g., McArthur & Bishop, 2001; Bailey & Snowling, 2002; Miller, 2011; Bailey, 2012; Hämäläinen, 
Salminen & Leppänen, 2012). 

We agree with Moncrieff (2017) that it is valuable to investigate whether the performance of children 
with APD is different from the performance of children with another developmental disorder, such as SLI, 
dyslexia, LD, attention-deficit/hyperactivity disorder (ADHD), or autism spectrum disorder. That is why 
we carried out a second review (de Wit et al., 2018) in parallel with the first review (de Wit et al, 2016), 
in which we described the differences and similarities in performance to different outcome measurements 
between children diagnosed with APD, SLI, dyslexia, ADHD, and LD. The results of this second review 
(de Wit et al., 2018) confirm our initial observation that the behavior of children with a diagnosis of APD 
broadly corresponds to the behavior of children diagnosed with another developmental disorder. We 
found only minimal differences between the performance of children diagnosed with APD and children 
diagnosed with a different developmental disorder. Together with the results of our first systematic review 
(de Wit et al., 2016), in which we found that children diagnosed with APD or children suspected of 
APD have poorer performance across multiple domains, we argue that there is not necessarily a specific 
auditory deficit in a large group of children currently diagnosed with APD. Otherwise stated, these results 
support the idea that in a group of children with listening difficulties there seems to be a more general 
neurodevelopmental syndrome or supramodal global deficit instead of a specific auditory processing 
disorder. 

Moncrieff (2017) suggested in her response that the line of causality may also run in the other direction: 
The similarities found between children with various disorders can also justify the fact that there is a 
bottom-up processing deficit rather than a top-down processing deficit in children with the various 
diagnoses. We believe this is one of the main points in the discussion around the concept of APD. The 
question whether listening difficulties in children result from problems with bottom-up auditory sensory 
processing or top-down modulating cognition is certainly legitimate (Moore, 2015). There is no doubt 
that intelligence, working memory, attention and executive functioning are associated with children’s 
auditory processing skills (e.g., Moore, Ferguson, Edmondson-Jones, Ratib & Riley, 2010; Dharmani, 
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Leung, Carlile & Sharma, 2013; Guldenkaerne, Dillon, Sharma & Purdy, 2014; Sharma, Dharmani, Leung 
& Carlile, 2014; Barry, Tomlin, Moore & Dillon, 2015; Tomlin, Dillon, Sharma & Rance, 2015; Tomlin & 
Rance, 2016; British Society of Audiology [BSA], 2017). However, exactly how bottom-up processes and 
top-down processes are involved in listening is not yet clear. In fact, it was argued that it is impossible to 
separate both processes (Bellis, 2003; Moore, Rosen, Bamiou, Campbell & Sirimanna, 2013; BSA, 2017). 
According to Moore (2012) the integration of bottom-up, auditory “sensory” information with top-
down, multimodal “cognitive” information is necessary in the case of auditory perception. Based on the 
results of our systematic review, it cannot be concluded with certainty that listening difficulties of children 
are caused only by deficits in bottom-up or top-down processes. However, the results of our systematic 
review show that the problems of children with listening difficulties are multimodal, and that the listening 
difficulties of children may also be a consequence of cognitive, language, and attention issues. This is in 
support of an interaction between bottom-up and top-down processes in case of listening difficulties. 
This is the exact reason why we argue it to be incorrect to use the diagnosis APD in these cases, because 
it is often unclear whether the difficulties are caused exclusively through auditory sensory problems.

We agree with Moncrieff (2017) that “efforts to differentiate specific bottom-up weaknesses that 
can respond to analytic treatment approaches should be strongly encouraged” (p. 1449). However, at 
the moment, it seems unclear whether the listening difficulties of children with a diagnosis of APD are 
exclusively caused by a bottom-up deficit or a top-down deficit. Moreover, currently available tests in 
today’s clinical practice do not allow to distinguish both processes. The results of our systematic review 
show that there is more than just a bottom-up disorder in children currently diagnosed with APD. 
Differences between children with (suspected) APD and typically developing children were found in 
auditory, visual, and cognitive functioning as well as in communication, language, reading, and auditory 
brain measures such as auditory event-related potentials and otoacoustic emissions. As a consequence, 
we argue that APD is not an appropriate term to use as a diagnostic label. This is not to say that the 
auditory function of children should not be properly investigated and dealt with. We agree that if 
audiological assessment indicates that there is an underlying auditory problem, such as amblyaudia or 
a spatial processing disorder, this must be remediated or taken into account before further treatment 
can take place. This is also why we recommended multidisciplinary evaluation of listening difficulties, 
including an audiologist, speech-language pathologist, and behavioral scientist. The audiologist is 
responsible for determining whether there is an auditory component that can explain the listening 
difficulties, and has to minimize confusing cognitive and language-processing variables during testing 
(Chermak, Bamiou, Iliadou, & Musiek, 2017). 

Before we start using new diagnoses, we believe that a better insight is needed into how bottom-up 
and top-down processes are precisely involved in listening. In addition, more insight is needed in the 
similarities and differences between the different developmental disorders of children. The studies of 
Moncrieff and colleagues on the dichotic listening skills in children with dyslexia certainly contribute to 
this (Moncrieff & Black, 2008; Moncrieff, 2011; Moncrieff, Keith, Abramson & Swann, 2016). In our 
recent systematic review (de Wit et al., 2018), we found that subtests of the Listening in Spatialized 
Noise-Sentences test (LiSN-S; Cameron & Dillon, 2007) could possibly differentiate between children with 
listening difficulties and children with language, reading and attention disorders. We think the functioning 
and disabilities of a child with listening difficulties must be identified in a broad and holistic manner by 
a multidisciplinary team of specialists. Rather than focusing on the disorder itself, the possible reason 
for the problems must be identified in as much detail possible, and individual treatment should focus on 
remediating and/or managing those identified characteristics. 
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ABSTRACT
Objectives: Children diagnosed with auditory processing disorders (APD) experience difficulties in 
auditory functioning and with memory, attention, language, and reading tasks. However, it is not clear 
whether the behavioral characteristics of these children are distinctive from the behavioral characteristics 
of children diagnosed with a different developmental disorder, such as specific language impairment 
(SLI), dyslexia, attention-deficit hyperactivity disorder (ADHD), learning disorder (LD) or autism spectrum 
disorder. This study describes the performance of children diagnosed with APD, SLI, dyslexia, ADHD, and 
LD to different outcome measurements. The aim of this study was to determine (1) which characteristics 
of APD overlap with the characteristics of children with SLI, dyslexia, ADHD, LD, or autism spectrum 
disorder; and (2) if there are characteristics that distinguish children diagnosed with APD from children 
diagnosed with other developmental disorders. 

Design: A systematic review. Six electronic databases (Pubmed, CINAHL, Eric, PsychINFO, 
Communication & Mass Media Complete, and EMBASE) were searched to find peer-reviewed studies 
from 1954 up to May 2015. The authors included studies reporting behaviors and/or performance 
of children with (suspected) APD and children diagnosed with a different developmental disorder 
(SLI, Dyslexia, ADHD, and LD). Two researchers identified and screened the studies independently. 
Methodological quality of the included studies was assessed with the American Speech-Language-
Hearing Association’s levels-of-evidence scheme.

Results: In total, 13 studies of which the methodological quality was moderate were included in this 
systematic review. In five studies, the performance of children diagnosed with APD was compared with 
the performance of children diagnosed with SLI; in two with children diagnosed with dyslexia, one 
with children diagnosed with ADHD, and in another one with children diagnosed with LD. Ten of the 
studies included children who met the criteria for more than one diagnosis. In four studies, there was a 
comparison made between the performances of children with comorbid disorders. There were no studies 
found in which the performance of children diagnosed with APD was compared with the performance of 
children diagnosed with autism spectrum disorder. Children diagnosed with APD broadly share the same 
characteristics as children diagnosed with other developmental disorders with only minor differences 
between them. Differences were determined with the auditory and visual Duration Pattern Test, the 
Children’s Auditory Processing Performance Scale questionnaire, and the subtests of the Listening in 
Spatialized Noise-Sentences test, in which noise is spatially separated from target sentences. However, 
these differences are not consistent between studies and are not found in comparison to all groups of 
children with other developmental disorders.

Conclusions: Children diagnosed with APD perform equally to children diagnosed with SLI, dyslexia, 
ADHD, and LD on tests of intelligence, memory or attention, and language tests. Only small differences 
between groups were found for sensory and perceptual functioning tasks (auditory and visual). In 
addition, children diagnosed with dyslexia performed poorer in reading tasks compared with children 
diagnosed with APD. The result is possibly confounded by poor quality of the research studies and the 
low quality of the used outcome measures. More research with higher scientific rigor is required to better 
understand the differences and similarities in children with various neurodevelopmental disorders.
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INTRODUCTION 
Children diagnosed with an auditory processing disorder (APD) have difficulty with listening. This is 
especially prominent in an unfavorable listening environment despite well-functioning peripheral hearing 
(e.g., American Academy of Audiology, 2010; Geffner & Ross-Swain, 2013). Notwithstanding the 
attempts of special working groups to obtain clarification about the construct of APD (e.g., American 
Speech-Language-Hearing Association, 2005; American Academy of Audiology, 2010; British Society 
of Audiology, 2011), discussion continues among professionals about the diagnostic criteria for APD, 
the overlap of APD with other developmental disorders, and whether APD exists as a unique diagnostic 
entity (Cacace & McFarland, 2009; Moore et al., 2013; DeBonis, 2015). 

Because of the lack of a clear definition and the use of multiple diagnostic criteria, different professionals 
approach children with listening complaints from different perspectives (McFarland & Cacace, 2006). 
Different diagnostic criteria for APD are proposed in various position statements and by several 
researchers (Bellis, 2003; American Speech-Language-Hearing Association, 2005; Dawes & Bishop, 2009; 
McArthur, 2009; American Academy of Audiology, 2010; British Society of Audiology, 2011; Wilson 
& Arnott, 2013). The different sets of diagnostic criteria have in common that children with listening 
difficulties are classified as having APD based on their performance on one or more behavioral central 
auditory tests or checklists or questionnaires. They differ, however, in the types of tests on which they 
must demonstrate inadequate performance and on how abnormal the performance is actually considered 
to be (e.g., < 2 SD or < 3 SD below the mean). The lack of a clear definition of APD together with the 
variation in diagnostic criteria for APD results in a range of approximate prevalence rates from 0.5 to 
1.0% to 7% of the population (Chermak & Musiek, 1997; Bamiou, Musiek, & Luxon, 2001; Hind et 
al., 2011). For instance, depending on which diagnostic criteria were used, Wilson and Arnott (2013) 
identified 7.3% (diagnostic criteria by Bellis 2003) to 96% (diagnostic criteria by ASHA, 2005) of the 
children in their study group with APD. 

Children with difficulties in the processing and understanding of auditory stimuli and with normal pure-
tone thresholds have been recognized from the mid-20th century. These difficulties are “characterized by 
poor perception of both speech and non-speech” (British Society of Audiology, 2011, p. 3). Frequently 
reported symptoms are difficulty understanding speech in noisy environments; problems in locating 
the source of a signal; fail to response correctly to verbal information; frequently asking for repetition 
of information; reduced attention to auditory information and easily distracted (American Academy of 
Audiology, 2010). Since the 1970s, these difficulties are more commonly known in the field of speech-
language pathologists and audiologists as APD (American Speech-Language-Hearing Association, 2005; 
Bellis, 2007; Jerger ,2009; Lucker, 2013). During recent years, this group of children is also described as 
children with suspected APD (susAPD) or children with listening difficulties. 

One major issue that has dominated the field for many years concerns the distinction between APD and 
other developmental disorders, such as a specific language impairment (SLI), dyslexia, learning disorder 
(LD), attention-deficit hyperactivity disorder (ADHD), and autism spectrum disorders (ASD). The various 
developmental disorders have in common that they are characterized by developmental delays which 
can cause impairment in personal, social, academic or occupational functioning (American Psychiatric 
Association, 2014). Not all of the developmental disorders are well validated, and at the phenotypic 
level, the various developmental disorders overlap considerably with each other. Furthermore, research 
has shown that some disorders have in part the same genetic origin (Rutter & Pine, 2015). It is not clear 
whether there are different underlying mechanisms for the various disorders. Therefore, separation of 
the various developmental disorders from each other can be difficult for clinicians, but also for scientific 
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research (Rutter & Pine, 2015). This is also the case for APD. Several researchers have reported that the 
characteristics of children diagnosed with APD seem to correspond to the behaviors and symptoms of 
children diagnosed with other developmental disorders (Levy & Parkin, 2003; Dawes & Bishop, 2009; 
American Academy of Audiology, 2010; British Society of Audiology, 2011; Kamhi, 2011; Miller, 2011; 
Moore et al., 2013; DeBonis, 2015). For example, difficulties in comprehending and complying to verbal 
information are also commonly observed in children diagnosed with SLI. The concentration and attention 
complaints reported in children diagnosed with APD also correspond to the difficulties of children 
diagnosed with ADHD (Levy & Parkin, 2003; Dawes & Bishop, 2009), and atypical processing of auditory 
information (e.g., difficulties listening in noise, hyperacusis, hypersensitivity to pitch), something that 
can be also difficult for children diagnosed with APD, is also an inherent component of ASD (Dawes & 
Bishop, 2009; O’Connor, 2012). Likewise, it is contended that the diagnosis of a child may depend more 
on the referral route than on the symptoms of a child (Moore et al. ,2013). 

The overlapping symptoms of children diagnosed with APD and children with other disorders also 
contribute to the discussion among clinicians and scientists as to whether or not APD can be considered 
a distinct clinical disorder (Levy & Parkin, 2003; Cacace & McFarland, 2009; Kamhi, 2011; Medwetsky, 
2011; Moore et al., 2013). One study indicated that 94% percent of the children identified with APD 
also had a comorbid language impairment or reading impairment (Sharma, Purdy, & Kelly, 2009). In 
another study, 30% of the children with susAPD also had problems with reading and writing, 90% had 
additional speech-language problems, and 10% had ADHD. Sixty percent of the children had two or 
more accompanying problems (measured with a teacher-based questionnaire; Neijenhuis et al., 2003). 
Three possible explanations for the co-occurrence between APD and other developmental disorders are 
provided by Moore et al. (2013): (1) not all different disorders can be distinguished from each other; the 
diagnosis of a child depends more on the reference route than by the symptoms; (2) SLI and dyslexia are 
caused by an APD; (3) a more general neurodevelopmental deficit is the cause of the various disorders. 

Our recent systematic review (de Wit et al., 2016) was aimed at establishing the characteristics of 
children with APD. The results showed that children with susAPD performed significantly poorer on tests 
of auditory processing when compared with typically developing (TD) children. However, significant 
differences between children with susAPD and TD children were not only found in the auditory domain. 
Children with susAPD also performed significantly poorer on tests of intelligence, memory, attention, 
and visual, language, and reading tests, as well as auditory brain measures. This again suggests that the 
characteristics of children diagnosed with APD overlap with the characteristics of children diagnosed 
with other developmental disorders. It is unclear whether a certain ensemble of symptoms exists that 
is solely attributable to difficulties with auditory processing. Such a distinctive symptom or group of 
symptoms could assist audiologists and speech-language pathologists in differentiating APD from other 
developmental disorders. 

This present systematic review intends to describe the overlap between the characteristics of APD, SLI, 
dyslexia, ADHD, LD, and ASD. Our goal is to contribute to the discussion on whether APD is a distinct 
disorder that is separate from the other conditions that are mentioned. The central questions of this 
systematic review are the following: (1) Which characteristics of APD overlap with characteristics of other 
developmental disorders? and (2) Are there characteristics that distinguish children diagnosed with APD 
from children diagnosed with other developmental disorders? 
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METHODS
Studies published in peer-reviewed journals from 1954 up to May 2015 were considered for inclusion 
in this systematic review. The four stages of the Preferred Reporting Items for Systematic Reviews and 
Meta-analysis (PRISMA) 2009 flow diagram (Moher et al., 2009; prisma-statement.org) of 
(1) identification, (2) screening, (3) eligibility, and (4) inclusion, were used for systematically going 
through the different phases of a systematic review. Stages 1 and 2, in which author 1, 4 and 7 of the 
current review were involved, are equal to those stages as described in the study of de Wit et al. (2016). 

After each stage, there was a consensus meeting held with the reviewers (author 1, 3, 4, and 7) who 
were involved in the process of assessing the studies that were found. A study was included or excluded 
in the subsequent stage when complete consensus was reached between reviewers. 

Table 1. Search strings and databases used.
Databases Search string

PubMed (“Auditory Diseases, Central”[Mesh] OR auditory processing[tiab] OR auditory 

perceptual[tiab]) AND (child[tiab] OR children[tiab] OR adolescent*[tiab])

PsycInfo, Eric, CINAHL, Communication & Mass 

media complete

(TI “auditory processing” OR TI “auditory perception” OR TI “auditory 

perceptual”) OR (AB “auditory processing” OR AB “auditory perception” OR 

AB “auditory perceptual”) AND (AB child OR AB adolescent)

EMBASE (until March 15 2012): “auditory processing”, “auditory perception”, “auditory perceptual” child:ab 

OR children:ab OR adolescent:ab OR adolescents:ab. 

Stage 1: Identification 

To identify appropriate studies for this systematic review, the following databases were searched: 
Pubmed, CINAHL, Eric, PsychINFO, Communication & Mass Media Complete, and EMBASE. As 
described in de Wit et al. (2016), the original search consisted of two separate search queries, which have 
been combined in this review to one search. Search strings used in the different databases are depicted 
in Table 1. The used search strategy can be found in the Supplement, which demonstrates the review 
protocol of this systematic review. RefWorks was used to manage, store, and share the found studies and 
for removing duplicates.

Stage 2: Screening 

The screening stage consisted of two steps, namely, (1) screening of titles and (2) screening of abstracts. 
For both steps in this stage, studies were screened against the inclusion and exclusion criteria by two 
researchers (author 1 and 4 or 1 and 7). 

To be included in the review, the title and abstract of the study must meet the following criteria: 
(1) published in English and in a peer-reviewed journal; (2) addressed factors in title about auditory 
processing in combination with deficit(s), impairment(s), problem(s), difficulties, or disorder(s);  
(3) addressed elements in the abstract regarding the characteristics of susAPD or children at risk for APD 
in the presence of normal hearing. The terms/synonyms for APD that were also considered for inclusion 
can be found in the Supplement. In addition to these three inclusion criteria, studies must contain data 
regarding participants under the age of 18 years. The age limit of 18 years was chosen, in order to search 
somewhat broader than the age at which the final step in structural maturation of the auditory cortex 
normally occurs (between the age of 6 and 12 years; Moore & Linthicum, 2007). Studies that included 
neonates or participants with neuropathy, cochlear implants, Down syndrome or another syndrome, 
peripheral hearing loss, chronic otitis media, or brain damage were excluded from this review. 
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Stage 3: Eligibility

At the eligibility stage, it was decided which of the selected studies specifically matched the research 
question of the present study. Therefore, it was necessary that the focus of the study be on the 
comparison of the behaviors or performance of children with susAPD with children diagnosed with 
a different developmental disorder such as SLI, Dyslexia, ADHD, ASD or LD. This stage consisted of 
two sequential steps: (1) full text articles assessed for eligibility and (2) full text articles assessed for 
methodological quality. 

The full text of each identified study was individually evaluated by one of the three reviewers (author 
1, 4, and 7). The reviewer assessed whether the study was appropriate for the topic of the current 
systematic review. 

Table 2. Quality Indicators in the ASHA Levels-of-Evidence Scheme (Mullen, 2007).
Indicator Quality Marker

Study design Controlled trial 

Cohort study 

Single-subject design or case control study 

Cross-sectional study or Case series

Case study 

Blinding Yes = Assessors blinded 

No = Assessors not blinded or not stated 

Sampling Yes = Random sample adequately described 

No = Random sample inadequately described 

No = Convenience sample adequately described 

No = Convenience sample inadequately described or hand-picked sample or not stated 

Group / participant 

comparability

Yes = Groups comparable at baseline on important factors (between-subject design) or subject(s) 

adequately described (within subject design) 

No = Groups/subjects not comparable at baseline or comparability not reported or subject(s) not 

adequately described  

Outcomes Yes = At least one primary outcome measure is valid and reliable 

Reasonable = Validity is unknown but appears reasonable; measure is reliable 

No = Invalid and/or unreliable 

Significance Yes = P value reported or calculable 

No = P value neither reported nor calculable 

Precision Yes = Effect size and confidence interval reported or calculable 

No = Effect size or confidence interval, but not both, reported or calculable 

No = Neither effect size or confidence interval reported or calculable 

Boldface indicates highest level of quality marker. 
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Subsequently, the methodological quality of each included study was independently reviewed by two 
reviewers (author 1 and 3 or 1 and 7) with the American Speech-Language-Hearing Association’s 
levels-of-evidence scheme (ASHA’s LOE; Mullen, 2007). A description of this quality assessment tool can 
be found in Table 2. The quality indicator ‘intention-to-treat’ was removed from the scheme. Each quality 
indicator that complied with the highest quality level was assigned one point (see Table 2). The maximum 
achievable quality score for a study was seven points. 

To classify the evaluated studies, the final quality score of the individual studies was used (adapted to 
the quality assessment tool developed by Gyorkos et al., 1994). Based on their final quality score, studies 
were classified as strong (5-7 points), moderate (2-4 points), or weak (0-1 points). For inclusion in this 
systematic review, a study must have been appraised as a moderate or strong study. Studies rated as 
weak were excluded. 

Stage 4: Inclusion

In stage 4, relevant data from the included studies with moderate and strong qualities were extracted 
and analyzed. The following data were extracted from the studies: (1) study characteristics; (2) subject 
characteristics; (3) measurement instruments; and (4) study results. Pooling the results of all of the 
studies was not possible because of the substantial variation in outcome measures and the inconsistent 
manner of presenting the results between studies. Therefore, the results of the individual studies were 
summarized in a table (Table 5 - 8). The overlap and differences between groups on the outcome of 
various measurements used in the included studies are summarized in a nonsymmetric Venn diagram (Fig. 
2).

RESULTS
The result of stages 1 to 4 of the Preferred Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) 2009 flow diagram (Moher et al., 2009) is illustrated in Figure 1. Database searching yielded 
3317 unique studies (stage 1) of which the titles were screened independently by two reviewers. This 
yielded 548 studies of which the abstract was assessed (stage 2). Subsequently, three reviewers screened 
the eligibility of 194 full-text studies (stage 3). One hundred and eighty studies were excluded in this 
stage. Of these 180 studies, 53 studies matched the research question of the previously published 
systematic review, and 24 studies did not satisfy the research question of both reviews. In 70 studies, 
the auditory processing skills of children diagnosed with disorders other than APD were investigated. 
However, these studies were excluded because these studies are beyond the scope of our review and did 
not fit the research question and inclusion criteria of this review. Finally, 14 of the full-text studies were 
rated as appropriate for inclusion in the current systematic review (stage 4).  

Methodological Quality of the Studies 

Based on the total quality score, one study (Simoes & Schochat, 2010) was classified as a study with 
weak quality (see Table 3 for details). Table 4 shows the methodological quality assessment of the 
included studies. As indicated in the data in Table 4, none of the studies were classified as being 
methodologically strong (≥5 points). In all of the included studies, significance and precision was either 
reported or could be calculated from the data; however, in none of the studies were the subjects 
randomly enrolled or subjects or assessors blinded. 
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Figure 1. Process for identifi cation of included studies. APD, auditory processing disorder. From PLoS 
Medicine. 2009;6:e1000097.

Table 3. Methodological quality of the excluded studies.
Study Study 

Design

Assessor 

Blinded

Random 

Sample

Groups / 

Participants 

Comparable

Valid Primary 

Outcome 

Measure(s)a

Signifi cance 

Reported or 

Calculable

Precision Reported 

or Calculable

Total 

Quality 

Score

Simoes & 

Schochat, 

2010

Cross-

sectional 

study

No No No Reasonable Yes No 1/7

Critical appraisal ratings of excluded studies evaluated with the ASHA’s levels-of-evidence (ASHA’s LOE) scheme (Mullen 2007). Based 

on the quality score studies awarded with one or no points were classifi ed as weak and were excluded from the review.

aAt the criterion “Valid primary outcome measures” three answer options were possible, namely: Yes, Reasonable, and No. Al other 

criterion had two possible outcomes, Yes or No. Boldface indicates highest level of quality in each category. 

Records	identified	through	database	searching
(n	=	5231)
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ty

Id
en
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ic
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n

Records	after	duplicates	removed
(n	=	3317)

Records	screened	on	title
(n	=	3317)

Records	excluded
(n	=	2769)

Full-text	articles	assessed	for	
eligibility
(n	=	194)

Full-text	articles	excluded,	
with	reasons
(n	=	180)

No	APD	group	(n=70)
Not	address	question	(n=77)
Case	report	(n=7)	
Other	language	(n=19)
Not	contain	primary	data	(n=7)

Full-text	articles	
assessed	for	

methodological	quality
(n	=	14)

Studies	included	in	
systematic	review	

(n	=	13)

Records	screened	on	abstract
(n	=	548)

Records	excluded
(n	=	354)

Records	excluded
(n	=	1)
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Table 4. Methodological quality of the included studies.
Study Study Design Assessor 

Blinded

Random 

Sample

Groups / 

Participants 

Comparable

Valid Primary 

Outcome 

Measure(s) a

Significance 

Reported or 

Calculable

Precision 

Reported or 

Calculable

Total 

Quality 

Score

Bellis et al., 

2011

Cross-sectional 

study

No No No Reasonable Yes Yes 2/7

Dawes et al., 

2009

Cross-sectional 

study

No No No Reasonable Yes Yes 2/7

Iliadou et al., 

2009 

Cross-sectional 

study

No No No Reasonable Yes Yes 2/7

Rocha-Muniz et 

al., 2014 

Cross-sectional 

study 

No No No Reasonable Yes Yes 2/7

Cameron & 

Dillon, 2008

Cross-sectional 

study

No No No Yes Yes Yes 3/7

Dawes & 

Bishop, 2010 

Cross-sectional 

study

No No No Yes Yes Yes 3/7 

Ferguson et al., 

2011

Cross-sectional 

study

No No No Yes Yes Yes 3/7

Ferguson & 

Moore, 2014

Cross-sectional 

study

No No No Yes Yes Yes 3/7 

Riccio et al., 

1994

Cross-sectional 

study 

No No No Yes Yes Yes 3/7

Riccio et al., 

1996

Cross-sectional 

study 

No No No Yes Yes Yes 3/7

Rocha-Muniz et 

al., 2012

Cross-sectional 

study

No No No Yes Yes Yes 3/7

Walker et al., 

2011

Cross-sectional 

study

No No No Yes Yes Yes 3/7

Miller & 

Wagstaff, 2011

Cross-sectional 

study

No No Yes Yes Yes Yes 4/7

Critical appraisal ratings of included studies evaluated with the ASHA’s levels-of-evidence (ASHA’s LOE) scheme (Mullen 2007). Based 

on the quality score studies awarded with two to four points were classified as moderate, and studies awarded with five to seven points 

were classified as strong. Studies are arranged from low to high quality score.  aAt the criterion “Valid primary outcome measures” three 

answer options were possible, namely: Yes, Reasonable, and No. Al other criterion had two possible outcomes, Yes or No. Boldface 

indicates highest level of quality in each category. 

General Study Characteristics 

Thirteen studies are included in this systematic review. In one of the 13 studies, a comparison was made 
between children diagnosed with LD and children with APD + LD (Walker et al., 2011) and, hence, not 
children diagnosed with only APD. In the other 12 studies, the performance of children diagnosed with 
APD was compared with the performance of children diagnosed with a different developmental disorder. 
In five studies, a comparison was made with children diagnosed with SLI (Ferguson et al., 2011; Miller & 
Wagstaff, 2011; Rocha-Muniz, Befi-Lopes, & Schochat, 2012; Ferguson & Moore, 2014; Rocha-Muniz et 
al., 2014), two with children diagnosed with dyslexia (Dawes et al., 2009; Dawes & Bishop, 2010), one 
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with children diagnosed with ADHD (Bellis, Billiet, & Ross, 2011), and another with children diagnosed 
with learning or attention disorders (LD group; Cameron & Dillon, 2008). In three studies, a comparison 
was made between children diagnosed with APD and a group of children with comorbid disorders: two 
studies compared children diagnosed with APD with a group of children diagnosed with APD + ADHD 
(Riccio et al. 1994, 1996), and one compared children diagnosed with APD with a group of children 
diagnosed with APD + dyslexia (Iliadou et al., 2009). No studies were found in which a comparison was 
made between the performance of children diagnosed with APD and children diagnosed with a disorder 
in the autistic spectrum. 

In this systematic review, the diagnosis which primarily has been studied and was the focus of the 
original study was used in the comparison of the groups. It has been found that it is not always possible 
to fit children with developmental issues into stiff diagnosis-categories. Ten of the studies included 
children who met the criteria for more than one diagnosis. In the studies of Ferguson et al. (2011) and 
Ferguson and Moore (2014), more than 25% of the included children had an additional diagnosis of 
ADHD, ASD, or dyslexia. In the studies of Dawes et al. (2009) and Dawes and Bishop (2010), these 
percentages were even higher: 52% of the children with a diagnosis of APD also met the diagnostic 
criteria of SLI, dyslexia, or both, and about 20% of the children in the dyslexia group also fits the 
diagnosis of SLI. In addition, there was also a high percentage of abnormal cases of hyperactivity 
and inattention in both groups. Riccio et al. (1994, 1996) disclosed information about comorbid 
psychopathology (e.g., ADHD and conduct disorder). The authors also suspect coexisting language 
disorders because of low scores of the subjects on language tests and measures of cognitive ability. Miller 
and Wagstaff (2011) reported that the parents of 16 children indicated that there was also a diagnosis of 
attention deficit disorders (ADD) or ADHD. There was no co-morbidity with ADHD or dysorthography in 
the subjects included in the study of Iliadou et al. (2009); however, three children with low IQ and three 
children with borderline IQ were included. Cameron and Dillon (2008) and Walker et al. (2011) included 
children with LDs. These studies included children with different kinds of problems, like ADD, ADHD, 
SLI, dyslexia, and working memory deficits. In three studies, no information about additional diagnoses 
was given (Bellis, Billiet, & Ross, 2011; Rocha-Muniz, Befi-Lopes, & Schochat, 2012; Rocha-Muniz et al., 
2014). 

Some participants took part in more than one study. In the study of Ferguson and Moore (2014) and 
Dawes and Bishop (2010), participants were recruited from, respectively, the study of Ferguson et al. 
(2011) and Dawes et al. (2009). For the study of Rocha-Muniz et al. (2014) and Riccio et al. (1996), it is 
not clear whether the authors used partially the same participants as in the preceding studies (Riccio et 
al., 1994; Rocha-Muniz, Befi-Lopes, & Schochat, 2012). The number of subjects ranged from seven to 
41 in the APD group (mean = 20.8 subjects) and from ten to 29 in the comparison group (the group of 
children included with a different developmental disorder: mean SLI = 23.8 subjects, mean dyslexia = 19 
subjects, ADHD = 10 subjects, LD = 11 subjects, mean comorbid disorder = 13.5 subjects). The ages of 
the subjects in the APD group ranged from 6 years to 15 years and 11 months; in the SLI and dyslexia 
groups, from 6 years to 13 years; in the LD group, from 7 years and 2 months to 11 years and 8 months; 
in the group with comorbid disorders, from 8 years to 15 years and 11 months; and in the ADHD group, 
the average age was 13 years and 1 month.

Diagnostic criteria for inclusion in the APD group varied among studies. Seven studies used the 
diagnostic criteria of a below normal performance on at least two behavioral diagnostic tests of auditory 
processing (Riccio et al., 1994; Iliadou et al., 2009; Bellis, Billiet, & Ross, 2011; Miller & Wagstaff, 2011; 
Walker et al., 2011; Rocha-Muniz, Befi-Lopes, & Schochat, 2012; Rocha-Muniz et al., 2014), and 
three studies used a below normal performance on at least one behavioral diagnostic test of auditory 
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processing (Riccio et al., 1996; Dawes et al., 2009; Dawes & Bishop, 2010). The remaining three studies 
used typically APD symptoms reported by parents or a referral for an auditory processing assessment for 
inclusion in the APD group (Cameron & Dillon, 2008; Ferguson et al., 2011; Ferguson & Moore, 2014). 

Five studies, which included an SLI group, used the diagnostic criteria of Leonard (1998), referring to 
children with significant speech or language difficulties that could not be explained by factors such as 
hearing loss, autism, learning or physical disability, or bilingualism.

Participants in the studies that included children with ADHD met the diagnostic criteria from the 
Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association, 1980, 1999). 
In the two studies by Dawes et al. (2009) and Dawes and Bishop (2010), the diagnosis of dyslexia was 
established by an educational psychologist in the event of a below normal performance (standard score 
<85) on a reading or spelling tests in the presence of an average intelligence (nonverbal IQ ≥80). Iliadou 
et al. (2009) used the Diagnostic and Statistical Manual of Mental Disorders-IV criteria for the diagnosis 
of dyslexia.

Cameron and Dillon (2008) and Walker et al. (2011) used a very diverse patient population in their 
comparison group. The LD group in the study of Cameron and Dillon (2008) comprised children with 
various types of difficulties, such as working memory deficit, ADHD, and dyslexia. Also, the children in 
the LD group in the study of Walker et al. (2011) had various types of learning difficulties, including 
ADD, language and reading impairment, and more general learning impairments. All of the children in 
both studies had an overall intellectual performance within normal limits (Cameron & Dillon, 2008: a 
scaled score of eight or above, a standard score of 90 or above, or the equivalent percentile rank of 25 or 
above; Walker et al. 2011: full-scale IQ scores of 85 or greater). 

Children Diagnosed with APD Versus Children Diagnosed with Other Developmental Disorders 

Table 5 to 8 show, per included study, a summary of the participant characteristics, measurement 
instruments used, and differences between children diagnosed with APD and children diagnosed with a 
different developmental disorder. It is apparent from this table that there were only marginal differences 
between these groups of children. Children diagnosed with SLI can be separated from children diagnosed 
with APD on the speech measures (weaker performance on the Children’s Communication Checklist – 
second edition [CCC-2]; subscale speech; speech-evoked auditory brain stem response; speech-in-noise 
test with monosyllabic words; and the Dichotic Digit test), and children diagnosed with dyslexia can 
be separated from children diagnosed with APD on the reading measures. On the contrary, children 
diagnosed with APD can be separated from children diagnosed with SLI and dyslexia on the listening 
questionnaire (Children’s Auditory Processing Performance Scale [CHAPPS] total score and subscales 
noise, multiple inputs, and attention). Opposed to children diagnosed with ADHD, children diagnosed 
with APD perform poorer on auditory and visual temporal ordering measures. Finally, children diagnosed 
with APD may be separated from children diagnosed with a variety of LDs by their problems with 
auditory stream segregation.

Five studies included different types of assessment of IQ, attention, and memory abilities in their study 
(Riccio et al., 1994, 1996; Dawes & Bishop, 2010; Ferguson et al., 2011; Miller & Wagstaff, 2011). No 
significant differences were found between clinical groups on one of these tests. Five studies examined 
the language and reading skills of children diagnosed with APD compared with children diagnosed 
with SLI, dyslexia, or ADHD (Riccio et al., 1994; Dawes & Bishop, 2010; Ferguson et al., 2011; Miller 
& Wagstaff, 2011; Walker et al., 2011). Furthermore, all 13 studies assessed the auditory processing 
capabilities of the included children with auditory behavioral tests, speech-evoked auditory brain stem 
response, or parental/ teacher questionnaires. 



86

Part 1 / Chapter 4 / Overlap between APD and other developmental disorders

Table 5. Summary of the participant characteristics, reported measurements, and differences between 
children diagnosed with APD and children diagnosed with SLI.

Participants/Groups

Study

APD
n; 
Gender;
Age Range;
Mean age 
(M)

SLI
n;
Gender;
Age Range;
Mean age 
(M)

Measurement 
instrument

Significance 
difference 
between 
clinical 
groups

Difference 
with TD 
group

Summary of 
significant 
differences 
APD vs. SLI

Rocha-
Muniz et 
al., 2014 

n = 25 
NR
6 – 12 
M = 8.72

n = 25
NR
6 – 12 
M = 7.84

Auditory tests:
Speech-in-noise test
(monosyllabic words)

DDT

+

+

U

U

Poorer performance for SLI 
group (lower mean scores for 
left and right ear).
Poorer performance for SLI 
group (lower mean scores for 
left and right ear).

No information available 
about additional 
diagnoses.

PFT o U

Ferguson 
et al., 
2011

n = 19 
13 M, 6 F
6.2 – 13.9  
M = 9.07

n = 22 
14 M, 8 F
6.4 – 11.7  
M = 8.7

CPRS-R:S
CCC-2:

General 
Communication
Composite
Social Interaction 
Deviance 
Composite

o
o
o

o

E
U
U

O

More than a quarter of 
the children in the SLI and 
APD groups had an 
additional diagnosis of 
ADHD, ASD, or dyslexia. 

Three children in the APD 
group had an additional 
diagnosis of ASD and 
3 children undergoing 
assessment for dyslexia. 

Subscales:
Speech
Syntax
Semantic
Coherence
Inappropriate initiation
Stereotype language
Context
Nonverbal 
communication
Social relations
Interest

o
+
o
o
o
o
o
o
o

o
o

U
U
U
U
U
U
U
U
U

U
U

Poorer performance for SLI 
group on the Speech scale only.

Four children in the SLI 
group had an additional 
diagnosis of Dyslexia and 
2 children undergoing 
assessment for dyslexia.

CHAPPS total score:
Subscales:

Ideal
Quiet
Noise

Multiple Inputs

Attention
Memory

+

o
o
+

+

+
o

U

E
E
A

A

U
U

Poorer performance for APD 
group.
Poorer performance for APD 
group.
Poorer performance for APD 
group.
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Participants/Groups

Study

APD
n; 
Gender;
Age Range;
Mean age 
(M)

SLI
n;
Gender;
Age Range;
Mean age 
(M)

Measurement 
instrument

Significance 
difference 
between 
clinical 
groups

Difference 
with TD 
group

Summary of 
significant 
differences 
APD vs. SLI

Speech intelligibility test: 
ASL derived from the 
BKB sentences and VCV 
nonwords (in quiet and 
in speech-modulated 
noise)

Matrix Reasoning and 
Vocabulary subtest of the 
WASI
The repetition of nonsense 
words subset of the NEPSY
Spoonerisms subset of the 
Phonological Assessment 
Battery
TOWRE
TROG-E
Digit Span subtest of the 
WISC-III

o

o

o

o

o
o
o

E

U

U

U

U
U
O

Ferguson 
& Moore, 
2014

n = 19 
13 M, 6 F
6 – 13  
M = 9.7

n = 22 
14 M, 8 F
6 – 13
M = 8.4

IHR-STAR software:
Tone detection in quiet:

1k200
1k20

Derived Auditory  
Processing: Temporal 
Integration
BM
SM

SM0
SMN

Derived Auditory 
Processing: Frequency 
Resolution

   FD

o
o

o
o

o
o

o
o

U
U

O
U

E
U

E
U

Rocha-
Muniz et 
al., 2012

n = 18 
14 M, 4 F
6 – 12 
M = 9.17

n = 21 
16 M, 5 F
6 – 12 
M = 8.0

Speech-evoked ABR 
(speech syllable /da/):

Timing measures: 
Defined as the latencies 
of the 7 prominent 
response peaks (V, A, C, 
D, E, F, and O)

V
A
C
D
E 

F

O

o
o
o
o
+

+

o

O
U
O
E
O

O

O

Increase latency for the SLI 
group.
Increase latency for the SLI 
group.
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Participants/Groups

Study

APD
n; 
Gender;
Age Range;
Mean age 
(M)

SLI
n;
Gender;
Age Range;
Mean age 
(M)

Measurement 
instrument

Significance 
difference 
between 
clinical 
groups

Difference 
with TD 
group

Summary of 
significant 
differences 
APD vs. SLI

No information available 
about additional 
diagnoses.

Spectral encoding 
measures: 
Pitch

F0
F1

Harmonics
HF

o
o

+

E
E

O Smaller amplitude for the SLI 
group in encoding the higher 
harmonic HF.

Miller & 
Wagstaff, 
2011

n = 35 
25 M, 10 F
8.5 – 12.7 
M = 10.3

n = 29 
15 M, 14 F
8.5 – 12.7 
M = 10.0

Language tests: 
Formulating Sentences 
subtest of the CELF-4 
Concepts and Following 
Directions subtest of the 
CELF-4
PPVT-3
Expressive Vocabulary 
Test or the Picture 
Vocabulary subtest of 
the W-J III

o

o

o
o

E

E

E
E

ADHD was not an 
exclusionary criterion. 
Parents of 16 participants 
reported that their child 
had been diagnosed with 
ADD or ADHD. 

Auditory tests:
   FPT
   DPT
   DDT right
   DDT left
   SSW left competing
   SSW total errors

o
o
o
o
o
o

NR
NR
NR
NR
NR
NR

There was no agreement 
between the clinical 
diagnoses with which 
children entered the study 
and the test-based 
classifications. The results 
in this review are based 
on the clinical diagnosis 
children entered the study 
with.

Nonword Repetition test
NV-IQ:
   Symbolic Memory sub-
test of the
   UNIT
   Cube Design subtest of 
the UNIT
Reading fluency:
   GORT-4
Motor speed
Verbal working memory:
   CLPT
Visual-spatial working 
memory:
   SWMT
Attention:
   CADS-P

o

o

o

o
o

o

o

o

NR

E

E

U
E

NR

NR

E

Studies are arranged in order of the total quality score. o, no significant difference between clinical groups. +, significant difference 

between clinical groups. A, APD group underperformed significantly compared with TD children; E, both groups displayed equal perfor-

mance in comparison with TD children or norm values; O, other clinical group (SLI, dyslexia, ADHD, or LD) 

underperformed significantly compared with TD children; U, both groups underperformed significantly compared with typically 

developing (TD) children or norm values.  

ADHD, attention deficit hyperactivity disorder; ADD, attention deficit disorder; APD, auditory processing disorder; ASD, Autism  

Spectrum Disorder; SLI, specific language impairment; TD, typically developing children. F, female; M, male; NR, not reported.   

ABR, auditory brainstem response; ASL, Adaptive Sentence List (MacLeod & Summerfield 1990); BKB, Bamford-Kowal-Bench sentences 
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(Bench et al. 1979); BM, Backward masking; CCC-2, Children’s Communication Checklist, second edition (Bishop 2003); CELF-4,  

Clinical Evaluation of Language Fundamentals, fourth ed. (Semel, Wiig, & Secord 2003); CHAPPS, Children’s Auditory Processing  

Performance Scale (Smoski et al. 1998); CLPT, The Competing Language Processing Test (Gaulin & Campbell 1994); CPRS-R:S,  

Conners’ Parent Rating Scale, revised: Short From (Conners 1996); DDT, Dichotic digits test (Musiek, Gollegly, Kibbe & Verkest-Lenz 

1991; Tzavaras, Kaprinis & Gatzoyas 1981; Musiek 1983); DPT, Duration Patterns test (Musiek 1994; Pinheiro and Musiek 1985); FD, 

frequency discrimination; FPT, Frequency Patterns test (Musiek 1994; Pinheiro and Ptacek 1971); GORT-4, The Gray Oral Reading 

Tests- 4th edition (Wiederholt & Bryant 2001); HF, high frequency; IHR-STAR software, Institute of Hearing Research STAR software 

(Barry et al. 2010); NEPSY, Neuropsychological Test Battery (Korkman, Kirk & Kemp 1997; 1998); NV-IQ, non-verbal intelligence 

quotient; PFT, pattern of frequency test; PPVT-3, Peabody Picture Vocabulary Test- 3rd edition (Dunn & Dunn 1997); SM, Simultaneous 

masking; SM0, Simultaneous-masking noise task - bandpass noise; SMN, Simultaneous-masking noise task - spectrally notched noise; 

SSW, Staggered Spondaic Word Test (Katz 2001; 1962); The Spoonerisms subset (Walton & Brooks 1995) of the Phonological  

Assessment Battery (Frederickson, Frith & Reason 1997); TOWRE, Test of Word Reading Efficiency (Torgesen, Wagner & Kashotte 

1999); TROG-E, Test for Reception of Grammar – Electronic, version 2 (Bishop 2005); UNIT, Universal nonverbal intelligence test 

(Bracken & McCallum 1998); VCV, vowel-consonant-vowel; WASI, Wechsler Abbreviated Scale of Intelligence (Wechsler 1999); 

WISC-III, Wechsler Intelligence Scale for Children, third edition (Wechsler 1991); W-J III, Woodcock-Johnson Tests of Achievement- 3rd 

edition (Woodcock, McGrew, & Mather 2001).
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Table 6. Summary of the participant characteristics, reported measurements, and differences between 
children diagnosed with APD and children diagnosed with dyslexia. 

Participants/Groups

Study

Diagnosis 
Reported
n; 
Gender;
Age range;
Mean age 
(M)

Diagnosis 
Reported 
n;
Gender;
Age range;
Mean age 
(M) Measurement instrument

Significance 
difference 
between 
clinical 
groups

Difference 
with TD 
group

Summary of significant 
differences 
APD vs. dyslexia

Dawes et 
al., 2009

APD
n = 22 
14 M, 8 F
6-13
M = 10.1

Dyslexia
n = 19 
17 M, 2 F
6-13
M = 9.8

SCAN-C or SCAN-A
Experimental Tests of 
auditory processing:

Auditory: 2-Hz FM
Auditory: 40-Hz FM

NR

o
o

NR

E
U

27% of the dyslexia group 
and 31% of the APD 
group scored below -1 SD.

Twelve of the 22 children 
(54%) in the APD group also 
met criteria for dyslexia.

Auditory: 240-Hz FM
Auditory: IRN detection
Visual: Coherent form 
detection
Visual: Coherent motion 
detection

o
o
o

o

A
A
E

E

Iliadou et 
al., 2009 

APD
n = 41 
NR
8-15.11
NR

APD + 
Dyslexia
n = 14 
NR
8-15.11
NR

Auditory tests:
Speech in babble, right ear
Speech in babble, left ear
DDT, right ear
DDT, left ear
FPT, right ear

o
+
o
o
o

NR
NR
NR
NR
NR

Poorer performance for 
APD group (without 
dyslexia).

No co-morbidity with ADHD 
or dysorthography. Six of the 
children in the whole sample 
(N=55) had low or borderline 
IQ.

   FPT, left ear
   DPT, right ear
   

DPT, left ear
   RGDT
   MLD

o
+

+
o
o

NR
NR

NR
NR
NR

Poorer performance for 
APD + dyslexia group.
Poorer performance for 
APD + dyslexia group.

Dawes & 
Bishop, 
2010

APD
n = 25 
15 M, 10 F
NR
M = 10.4

Dyslexia
n = 19 
17 M, 2 F
NR
M = 10.1

CAST
CCC-2:

General Communication 
Composite Subscales:

Speech
Syntax
Semantic
Coherence
Inappropriate initiation
Stereotype language
Context
Nonverbal 
communication
Social relations
Interest

o

o

o
o
o
o
o
o
o
o

o
o

A

U

U
U
U
U
U
U
U
U

U
U

Six children with an APD 
diagnosis fell within the 
clinical range for Asperger 
syndrome.

Thirteen of 25 (52%) of the 
children in the APD group 
would also fit a diagnosis of 
either SLI, dyslexia or both.

CHAPPS total score + U Poorer performance scores 
for APD group.
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Participants/Groups

Study

Diagnosis 
Reported
n; 
Gender;
Age range;
Mean age 
(M)

Diagnosis 
Reported 
n;
Gender;
Age range;
Mean age 
(M) Measurement instrument

Significance 
difference 
between 
clinical 
groups

Difference 
with TD 
group

Summary of significant 
differences 
APD vs. dyslexia

 

Eleven of 19 (58%) of the 
children in the dyslexia group 
would also fit a diagnosis of 
SLI (score < -1 SD on two 
or more out of 6 language 
tests).

Language composite
Average of the standard 
of six 
language tests:

TROG-E
Sentence Repetition of 
the NEPSY Repetition of 
Nonsense Words of the 
NEPSY 
ERRNI story telling 
ERRNU Mean length of 
utterance
(MLU) 
ERRNI story 
Comprehension

o E

Hyperactivity/inattention: the 
proportion of abnormal cases 
was 37% and 46% for the 
dyslexia an APD groups.

Literacy composite
Average of the standard of 
three literacy tests: 

OSCCI spelling test 
WORD Reading of the 
TOWRE 
Non-word Reading of the 
TOWRE

Matrix Reasoning and block 
design subtest of the WASI
SCAN-C or SCAN-A

+

o

o

U

E

E

Worse performance for 
dyslexia group.

10 of 25 of the APD group 
and 4 of 18 of the dyslexia 
group scored in the clinical 
range (< -1 SD).

Studies are arranged in order of the total quality score. o, no significant difference between clinical groups. +, significant difference 

between clinical groups. A, APD group underperformed significantly compared with TD children; E, both groups displayed equal 

performance in comparison with TD children or norm values; O, other clinical group (SLI, dyslexia, ADHD, or LD) underperformed 

significantly compared with TD children; U, both groups underperformed significantly compared with typically developing (TD) children 

or norm values.  

ADHD, attention deficit hyperactivity disorder; APD, auditory processing disorder; SLI, specific language impairment; TD, typically 

developing children. F, female; M, male; NR, not reported.  

CAST, Childhood Asperger Syndrome Test (Williams, Scott, Stott, et al. 2005); CCC-2, Children’s Communication Checklist, second 

edition (Bishop 2003); CHAPPS, Children’s Auditory Processing Performance Scale (Smoski et al. 1998); DDT, Dichotic digits test 

(Musiek, Gollegly, Kibbe & Verkest-Lenz 1991; Tzavaras, Kaprinis & Gatzoyas 1981; Musiek 1983); DPT, Duration Patterns test (Musiek 

1994; Pinheiro and Musiek 1985); ERRNI, Expression, Reception and Recall of Narrative Instrument (Bishop 2004); FPT, Frequency 

Patterns test (Musiek 1994; Pinheiro and Ptacek 1971); FM, frequency modulation; IRN, iterated rippled noise; MLD, Masking Level 

Difference (Auditec, St Louis); NEPSY, Neuropsychological Test Battery (Korkman, Kirk & Kemp 1997; 1998); OSCCI, Oxford Study of 

Children’s Communication Impairments (self-developed); RGDT, Random Gap Detection Test (Keith 2000b); SCAN-A, test for auditory 

processing disorders in adolescence and adults (Keith 1994a); SCAN-C, test for auditory processing disorders in children—revised (Keith 

2000a); Speech in babble test (Iliadou, Fourakis, Vakalos, Hawks, Kaprinis 2006); TOWRE, Test of Word Reading Efficiency (Torgesen, 

Wagner & Kashotte 1999); TROG-E, Test for Reception of Grammar – Electronic, version 2 (Bishop 2005); WASI, Wechsler Abbreviated 

Scale of Intelligence (Wechsler 1999).
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Table 7. Summary of the participant characteristics, reported measurements, and differences between 
children diagnosed with APD and children diagnosed with ADHD.  

Participants/Groups

Study

Diagnosis 
Reported
n; 
Gender;
Age range;
Mean age 
(M)

Diagnosis 
Reported 
n;
Gender;
Age range;
Mean age 
(M) Measurement instrument

Significance 
difference 
between 
clinical 
groups

Difference 
with TD 
group

Summary of significant 
differences 
APD vs. ADHD

Bellis et 
al., 2011

APD
n = 7 
NR
NR
M = 10.9

ADHD
n = 10 
NR
NR
M = 13.1

Auditory tests:
DDT
FPT
DPT

o
o
+

U
U
U Poorer performance for APD 

group.
APD group exhibited a 
significantly larger HLD.

No cognitive, sensory, 
developmental or related 
disorder unrelated to the 
primary diagnosis.

Visual analogs 
(self-developed):

Dichoptic Digits
Visual High-Low
Visual Duration 
Patterns

o
o
+

U
U
U Poorer performance for APD 

group.

Riccio et 
al., 1994

APD
n = 15 
NR
9.0 – 13.3
M = NR

APD + 
ADHD
n = 15 
NR
9.0 – 13.3
M = NR

Auditory measures:
SSW, right competing
SSW, left competing
LPFS, right 
LPFS, left 
FPPS, right 

o
o
o
o
o

NR
NR
NR
NR
NR

Whole sample:
N = 30 (25 M, 5 F) 
M = 10.10
Of the 30 subjects, 17 met 
criteria for one or more 
diagnoses. One child in the 
APD group had an 
additional diagnosis of 
overanxious disorder.

FPPS, left 
SRT

WISC-R/WISC-III
CELF-R
PPVT-R

o
o
o
o
o

NR
NR
E
E
E

Riccio et 
al., 1996

APD
n = 15 
NR
9.0 – 12.11
M = 11.20

APD + 
ADHD
n = 15 
NR
9.0 – 12.11
M = 10.55

ACPT o U

Whole sample:
N = 30 (24 M, 6 F)
M = 10.87
No information available 
about additional diagnoses.

WISC-III o E

Studies are arranged in order of the total quality score. o,  no significant difference between clinical groups. +, significant difference 

between clinical groups. A, APD group underperformed significantly compared with TD children; E, both groups displayed equal 

performance in comparison with TD children or norm values; O, other clinical group (SLI, dyslexia, ADHD, or LD) underperformed 

significantly compared with TD children; U, both groups underperformed significantly compared with typically developing (TD) children 

or norm values.  

ADHD, attention deficit hyperactivity disorder; APD, auditory processing disorder; TD, typically developing children. F, female; M, male; 

NR, not reported.  
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ACPT, Auditory Continuous Performance Test (Keith 1994b); CELF-R, Clinical Evaluation of Language Fundamentals-Revised (Semel et 

al. 1980); DDT, Dichotic digits test (Musiek, Gollegly, Kibbe & Verkest-Lenz 1991; Tzavaras, Kaprinis & Gatzoyas 1981; Musiek 1983); 

DPT, Duration Patterns test (Musiek 1994; Pinheiro and Musiek 1985); FPPS, Frequency (Pitch) Pattern Sequence Test (Pinheiro 1977); 

FPT, Frequency Patterns test (Musiek 1994; Pinheiro and Ptacek 1971); HLD, Humming-Labeling Differential; LPFS, Low Pass Filtered 

Speech Test (Willeford 1977); PPVT-R, Peabody Picture Vocabulary Test-Revised (Dunn & Dunn 1981); SRT, SSW, Staggered Spondaic 

Word Test (Katz 2001; 1962); WISC-R, Wechsler Intelligence Scale for Children-Revised (Wechsler 1974); WISC-III, Wechsler  

Intelligence Scale for Children, third edition (Wechsler 1991).

Table 8. Summary of the participant characteristics, reported measurements, and differences between 
children diagnosed with APD and children diagnosed with LD.

Participants/Groups

Study

Diagnosis 
reported
n; 
Gender;
Age range;
Mean age 
(M)

Diagnosis 
reported 
n;
Gender;
Age range; 
Mean age 
(M) Measurement instrument

Significance 
difference 
between 
clinical 
groups

Difference 
with TD 
group

Summary of significant 
differences 
APD vs. LD

Cameron 
& Dillon, 
2008

APD
n = 9 
8 M, 1 F
6.6 – 11.2 
M = 9.1

LD
n = 11 
7 M, 4 F
7.2 – 11.8
M = 9.4

LiSN-S:
Low-Cue speech reception 
thresholds
High-Cue speech reception 
thresholds
Talker Advantage
Spatial Advantage

Total Advantage

o

+

o
+

+

E

A

E
A

A

Poorer performance APD 
group

Worse performance for 
APD group.
Worse performance for 
APD group.

Children in the APD group 
had no ADHD and IQ 
scores >90.

Walker et 
al., 2011

LD + APD
n = 10 
NR
NR

LD
n = 28 
NR
NR

Temporal processing tasks:
Auditory:
Within-channel gap detection:

3 ms
8 ms
24 ms

Between-channel gap detection:
30 ms
80 ms
200 ms

o
o
o

o
o
o

E
E
E

O
O
E

Whole sample = LD 
children 
(n=38, 11 – 14, M = 12.2).
This group is likely to 
include subjects who have 
ADD, SLI, dyslexia, and 
more general 
developmental learning 
impairments. Detailed 
information about 
additional diagnoses is not 
available. 

Sequential TOJ:
0 ms
84 ms
400 ms

Overlapping auditory TOJ:
50 ms
200 ms
614 ms

Visual
Sequential visual TOJ:

0 ms
5 ms
24 ms

Overlapping visual TOJ:
3 ms
12 ms
38ms

o
o
o

o
o
o

o
o
o

o
o
o

A
A
A

E
U
U

E
E
E

E
E
E
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Participants/Groups

Study

Diagnosis 
reported
n; 
Gender;
Age range;
Mean age 
(M)

Diagnosis 
reported 
n;
Gender;
Age range; 
Mean age 
(M) Measurement instrument

Significance 
difference 
between 
clinical 
groups

Difference 
with TD 
group

Summary of significant 
differences 
APD vs. LD

Random dot kinematograms 
-Coherent motion task:

15 ms
25 ms
35 ms

Random dot kinematograms 
-Transparent motion task:

10 ms
20 ms
40 ms

o
o
o

o
o
o

E
E
E

E
E
E

Language / Reading tasks:
Phonological Awareness 
Quotient subtest of the 
CTOPP
Reading subtest of the 
WRAT-3
Short version of the Olson 
PHONO and Olson ORTHO 
subtest
The Token Test

o

o

o

o

U

U

U

E

The mean score for LD 
+ APD was consistently 
lower than the LD only 
subjects for the Olson 
PHONO, Olson ORTHO, 
CTOPP and WRAT-3.

 

Studies are arranged in order of the total quality score. o, no significant difference between clinical groups. +, significant difference 

between clinical groups. A, APD group underperformed significantly compared with TD children; E, both groups displayed equal 

performance in comparison with TD children or norm values; O, other clinical group (SLI, dyslexia, ADHD, or LD) underperformed 

significantly compared with TD children; U, both groups underperformed significantly compared with typically developing (TD) children 

or norm values.  

ADHD, attention deficit hyperactivity disorder; ADD, attention deficit disorder; APD, auditory processing disorder; LD, learning disorder; 

SLI, specific language impairment; TD, typically developing children. F, female; M, male; NR, not reported.  

CTOPP, Comprehensive Test of Phonological Processing (Wagner, Torgesen, & Rashotte 1999); LiSN-S, Listening in Spatialized Noise 

test-sentences (Cameron & Dillon 2007; 2008); Olson PHONO and ORTHO, short versions of the Olson Phonological and Olson 

Orthographic subtests (Olson 1985); The Token Test (Boller & Vignolo 1966; Orgass & Poeck 1966); TOJ, temporal order judgment; 

WRAT-3, Wide Range Achievement Test 3 (Wilkinson 1993).

Children Diagnosed with APD Versus Children Diagnosed with SLI

Table 5 shows the similarities and differences on various measurement instruments between children 
diagnosed with APD and children diagnosed with SLI. No differences were found on IQ, working 
memory, language, and reading tests between children diagnosed with APD and children diagnosed with 
SLI. Most studies also found no difference between these children on behavioral auditory processing tests 
(Ferguson et al., 2011; Miller & Wagstaff, 2011; Ferguson & Moore, 2014). Both groups experienced 
difficulties with speech perception. Two studies found comparably poorer performance for children with 
SLI in the perception of speech (Rocha-Muniz, Befi-Lopes, & Schochat, 2012; Rocha-Muniz et al., 2014). 
The only study included in this systematic review that used electrophysiological measurements found 
that the children with SLI had a more impaired brainstem encoding for speech signals than the children 
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with APD had (Rocha-Muniz, Befi-Lopes, & Schochat, 2012). Also, significance variances were found 
with the CHAPPS (Smoski, Brunt, & Tannahill, 1998). Parents of children diagnosed with APD rated their 
children as having poorer listening skills in noisy places, poorer listening skills in multiple input, and poorer 
attention skills (Ferguson et al., 2011). 

Children Diagnosed with APD Versus Children Diagnosed with Dyslexia

Table 6 shows the similarities and differences on various measurement instruments between children 
diagnosed with APD and children diagnosed with dyslexia. No differences were found on IQ, memory 
and language tests between children diagnosed with APD and children diagnosed with dyslexia. Children 
in the dyslexia group performed poorer with reading abilities. Parents of children diagnosed with APD 
rated significantly more often that their child met characteristics for autism. Furthermore, the CHAPPS 
total score is worse in children diagnosed with APD (Dawes & Bishop, 201). Children with comorbid APD 
and dyslexia performed significantly poorer on the duration pattern sequence test (Iliadou et al., 2009).

Children Diagnosed with APD Versus Children Diagnosed with ADHD

Table 7 shows the similarities and differences on various measurement instruments between children 
diagnosed with APD and children diagnosed with ADHD. No differences were found in performance on 
intelligence, attention, and language tests between children diagnosed with APD and children diagnosed 
with ADHD. 

In two of the three included studies, there was, besides a group of children diagnosed with APD, a 
group of children with comorbid ADHD and APD included. Only one study included, besides a group of 
children diagnosed with APD, a group of children with a single diagnosis of ADHD. This one study found 
that the performance on the auditory and visual duration pattern test (DPT) can possibly distinguish 
children diagnosed with APD from children diagnosed with ADHD. Children with APD had significantly 
lower and divergent scores on the auditory and visual DPT (Bellis, Billiet, & Ross, 2011).

Children Diagnosed with APD Versus Children Diagnosed with Learning Disorders 

Two studies compared the performance of children diagnosed with APD to the performance of children 
diagnosed with LD. Table 8 shows the similarities and differences on various measurement instruments 
between the children in these two groups. 

The study of Walker et al. (2011) enrolled no group with children diagnosed with only APD in their 
study. No differences were found between these two groups on the auditory and visual temporal 
processing tasks and language and reading tests used in this study. However, according to the authors, 
it is likely that the included group is very heterogeneous and contains children with ADD, language and 
reading problems, and more general developmental learning impairments (Walker et al., 2011). Detailed 
information regarding the problems of these children is missing.

In the study of Cameron and Dillon (2008) the performance on the Listening in Spatialized Noise-
Sentences test (LiSN-S; Cameron & Dillon, 2007a) of nine children with suspected APD is compared to 
the performance of 11 children with various learning disabilities, such as ADHD, dyslexia, memory deficits 
and visual processing problems. With the LiSN-S the auditory stream segregation skills of a child - one 
specific part of listening - can be examined (Cameron & Dillon, 2007b). The test assesses of a child is 
capable to understand speech when noise is coming from different directions. Cameron and Dillon (2008) 
found that children with suspected APD performed poorer in test conditions where the masker and target 
were spatially separated.



96

Part 1 / Chapter 4 / Overlap between APD and other developmental disorders

Overlap Between Groups on the Outcome of Various Tests 

To be able to make a comparison between the performance of children diagnosed with APD and children 
diagnosed with other developmental disorders, the results of the isolated comparisons were analyzed and 
combined. Because comorbid groups can demonstrate additive effects of both disorders, only the studies 
in which children with APD were compared with children with a different developmental disorder were 
used for the overall comparison. Therefore, the four studies in which comorbid groups were enrolled 
were excluded for this analysis (Riccio et al., 1994, 1996; Iliadou et al., 2009; Walker et al., 2011). Figure 
2 illustrates the pair-wise comparisons made in this systematic review and the overlap and differences on 
the outcomes of various tests used in the included studies for children diagnosed with APD and children 
diagnosed with SLI, dyslexia, ADHD, and LD. As mentioned earlier, also some children in the studies in 
which the focus was on the comparison of two different diagnostic groups have multiple diagnoses. This 
is not taken into account in this equation. The area of the circles is equal to the total number of subjects 
included in the studies in this analysis. The quantity N identifies the number of studies included (APD 
vs. SLI, N=5; APD vs. dyslexia, N=2; APD vs. ADHD, N=1; APD vs. LD, N=1). The amount n identifies 
the number of children included in the studies. All included children from the various studies are added 
together. This means that some children are counted twice, because in a number of studies the same 
participants took part in more than one study (e.g., Dawes and Bishop, 2010 and Ferguson and Moore, 
2014). No differences (bold and outlined numbers in Figure 2) were found in the performance of children 
with APD compared with children with a different developmental disorder on the outcome of 85 of 
the 102 (sub)tests used in the included studies. Significantly poorer performance of children with APD 
(encircled italic numbers in Figure 2) was found in the case of ten (sub)tests (LiSN-S: High-Cue speech 
reception threshold, Spatial advantage and Total advantage, Cameron & Dillon, 2008; CHAPPS total 
score, Dawes & Bishop, 2010; auditory and visual DPT, Bellis, Billiet, & Ross, 2011; CHAPPS total score 
and noise, multiple input and attention subscales, Ferguson et al., 2011).

For seven (sub)tests, performances in children with SLI or dyslexia were poorer than in children with 
APD (literacy composite, Dawes & Bishop, 2010; CCC-2 subscale Speech, Ferguson et al., 2011; Speech-
evoked auditory brain response: timing-measure E and F peak and spectral encoding measure higher 
harmonics, Rocha-Muniz, Befi-Lopes, & Schochat, 2012; Speech-in-noise test and Dichotic Digit test, 
Rocha-Muniz et al., 2014). 
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Figure 2. Venn diagram of the comparisons made in this systematic review and the overlap and 
differences between groups on the outcome of various tests used in the included studies.
The performance of children diagnosed with APD on various tests is compared with the performance of children diagnosed with SLI, 

dyslexia, ADHD, and LD. N identifi es the number of studies included. The area of the circles is equal to the number of subjects included 

in the studies (n). The bold and the outlined numbers show the overlap (no signifi cant differences) on the outcome of the used 

measurement instruments. Italic numbers illustrate the signifi cant differences between children diagnosed with APD and children 

diagnosed with other disorders. The encircled italic numbers show the number of measurement instruments (test and subtest level) 

whereupon children diagnosed with APD perform signifi cantly poorer in comparison with children diagnosed with other 

developmental disorders. The studies in which children with comorbid disorders (N=4) were enrolled are not captured in this fi gure. 

ADHD, attention-defi cit hyperactivity disorder; APD, auditory processing disorder; CHAPPS, Children’s Auditory Processing 

Performance Scale (Smoski et al., 1998); DPT, Duration Pattern Test; LD, learning disorder; LiSN-S, Listening in Spatialized Noise 

test-Sentence (Cameron & Dillon, 2007, 2008); SLI, specifi c language impairment, SRT, speech reception threshold.
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DISCUSSION
The present study was designed (1) to determine which characteristics of APD overlap with the 
characteristics of SLI, dyslexia, ADHD, LD, and ASD and (2) to examine whether there are characteristics 
that distinguish children diagnosed with APD from children diagnosed with other developmental 
disorders. With respect to the first research question, we found that children diagnosed with APD and 
children diagnosed with SLI, dyslexia, ADHD, and LD have overlapping characteristics of intelligence, 
memory, attention and language and that the reading skills of children diagnosed with APD overlap 
with the reading skills of children diagnosed with SLI. No studies were found in which the performance 
of children diagnosed with APD were compared with children diagnosed with ASD. Compared with 
TD children, children diagnosed with APD and children diagnosed with other disorders show broadly 
similar results. Unfortunately, not all studies reported how the performance on several tests of children 
in the research groups was compared to TD children (for details, see Table 5 – 8). In the case of 57 (sub)
tests (45,6%), both groups underperformed significantly compared with TD children or norm values, 
and in the case of 46 (sub) tests (36,8%), both groups displayed equal performance in comparison 
with TD children or norm values. With regard to the second research question, possible distinguishing 
characteristics for children diagnosed with APD were found in only four studies (Cameron & Dillon, 
2008; Dawes & Bishop, 2010; Bellis, Billiet, & Ross, 2011; Ferguson et al., 2011). Ferguson et al. (2011) 
compared the performance of 25 children diagnosed with APD to the performance of 22 children 
diagnosed with SLI. Dawes and Bishop (2010) also included 25 children diagnosed with APD and 
compared their performance to that of 19 children diagnosed with dyslexia. Bellis et al. (2011) included 
7 children diagnosed with APD and 10 children with an ADHD diagnosis, and Cameron and Dillon 
(2008) compared the performance of 9 children diagnosed with APD to the performance of 11 children 
diagnosed with LD. These studies found that children with APD had: (1) auditory and visual temporal 
ordering difficulties opposed to children diagnosed with ADHD, (2) poorer outcome on subtests of the 
LiSN-S compared to children diagnosed with LD, and (3) weaker listening skills opposed to children 
diagnosed with SLI and children diagnosed with dyslexia according to the parental evaluation. These 
characteristics may suggest a distinction between children diagnosed with APD and children diagnosed 
with SLI, dyslexia, ADHD, and LD. However, it is important to acknowledge that generalization to a 
broader population is limited because of the fact that these characteristics were found in single studies 
with small sample sizes, heterogeneous groups with comorbidity, and moderate methodological quality.
 
Overlap Between APD and SLI, Dyslexia, and ADHD

In this review, we found that children diagnosed with APD share overlapping intelligence, attention, 
memory and language characteristics with children diagnosed with other developmental disorders. 
Executive functions could be a potentially useful construct for understanding the overlapping symptoms 
observed in different disorders, such as APD, ADHD, SLI, and dyslexia (Chermak, Hall, & Musiek, 1999; 
Thapar et al., 2015). Executive functions appear to be related to the processing of language. Children 
diagnosed with SLI have demonstrated deficits in cognitive control related to deficits in language 
processing (Victorino & Schwartz, 2015). Such deficits are frequently incorporated into the general 
category of executive functions (Victorino & Schwartz, 2015). The overlapping symptoms of children 
diagnosed with APD, SLI, ADHD, and dyslexia fits the idea that it is difficult to say that the various 
psychiatric categories, as stated in the Diagnostic and Statistical Manual of Mental Disorders-V, are 
separate diagnosis with clear boundaries and a clear underlying cause. Our results support the idea that 
many of the individual categorical diagnoses are associated with each other in clusters, groups, or on a 



Listening difficulties in children  - Auditory processing and beyond

99

spectrum rather than that they are truly distinct disorders (Bishop & Snowling, 2004; Pennington, 2006; 
Bishop & Rutter, 2008; Pennington & Bishop, 2009; Moore & Hunter, 2013; Bishop, 2015; Vermiglio, 
2016). A model that fits this idea is the multiple deficit model proposed by Pennington (2006). The 
multiple deficit model assumes that a developmental disorder is caused by a combination of underlying 
specific and shared components (McGrath et al., 2011). Pennington proposes with the model that 
“the etiology of complex behavioral disorders is multifactorial and involves the interaction of multiple 
risk factors and protective factors, which can be either genetic or environmental” (Pennington, 2006, 
p. 404). As a result of the shared etiologic, comorbidity among neurodevelopmental disorders can be 
expected. Specific components ensure that the various developmental disorders differ slightly from each 
other on the surface. According to Moore and Hunter (2013), the various psychiatric categories can be 
conceptualized as a more general neurodevelopmental syndrome, wherein the behavioral difficulties 
(e.g., auditory, language, and attentional) of children serve as markers that can be expressed along a 
continuum of severity (Wallach, 2011; Moore et al., 2013; Moore & Hunter, 2013).

 
Differences Between APD and SLI, Dyslexia, and ADHD

The APD-group demonstrated significantly lower performance on the CHAPPS questionnaire (Dawes 
& Bishop, 2010; Ferguson et al., 2011) and the subtests of the LiSN-S in which the noise was spatially 
separated from the target speech (Cameron & Dillon, 2008). This may indicate that difficulties with the 
ability to listen in noisy conditions in challenging environments is a distinctive characteristic for children 
with suspected APD. Difficulties in noisy environments are one of the most mentioned symptoms of 
children with susAPD (Jerger & Musiek, 2000; American Speech-Language-Hearing Association, 2005). 
However, there are a number of concerns regarding the interpretation of the experimental evidence that 
children diagnosed with APD experience “difficulties with listening in noise”.

Information regarding the validity and reliability of the CHAPPS questionnaire (Smoski, Brunt, & 
Tannahill, 1998) is lacking, whereby it is not certain what is actually measured (American Academy of 
Audiology, 2010; Moore et al., 2013; Barry et al., 2015). A number of studies have examined the clinical 
utility of the CHAPPS (Lam & Sanchez, 2007; Wilson et al., 2011; Iliadou & Bamiou, 2012; Ahmmed & 
Ahmmed, 2016). Hereby, varying results are reported. Lam and Sanchez (2007) and Wilson et al. (2011) 
found that the CHAPPS has no significant predictive capability for APD, while others (Iliadou & Bamiou, 
2012; Ahmmed & Ahmmed, 2016) reported that a number of subsections (Listening condition: ideal, 
auditory memory/sequencing, and auditory attention span) of the CHAPPS may be clinically useful for 
identifying listening difficulties in children; however, further research is needed. The CHAPPS is originally 
designed to be completed by the teacher of the child (Smoski, Brunt, & Tannahill, 1992). The teacher 
answers the questions by comparing the listening skills of the individual child with the listening skills of 
other children of the same age group and background (Smoski, Brunt, & Tannahill, 1998). However, in 
both studies included in this systematic review, the CHAPPS was completed by parents instead of the 
teacher. This may plausibly cause a referral bias because parents of children with a diagnosis of APD 
could complete the questionnaire from a different perspective than parents of children with a diagnosis of 
SLI or dyslexia (Ferguson et al., 2011). No clear relationship between CHAPPS scores and the diagnosis 
APD were found in studies in which the CHAPPS questionnaire was completed by the child’s teacher 
(Lam & Sanchez, 2007; Wilson et al., 2011). 

The results of this systematic review suggest that the LiSN-S (Cameron & Dillon, 2007a) could perhaps 
be a valuable instrument to differentiate between children diagnosed with APD and children diagnosed 
with other developmental disorders. The LiSN-S was designed to assess auditory stream segregation 
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skills in children with susAPD (Cameron & Dillon, 2007b), and can be used to examine spatial processing 
difficulties (Chermak et al., 2017). With this test, one specific part of the whole range of listening abilities 
children need to have to be able to pick up information from what they hear, can be examined. The 
LiSN-S has a high test-retest reliability and normative data are provided for people aged 6 to 60 years 
(Cameron & Dillon, 2007b; Cameron et al., 2009, 2011). However, the LiSN-S is only used in one of the 
14 included studies. In addition, the study group of this one study was very small (9 children diagnosed 
with APD versus 11 children diagnosed with learning or attention disorders). Studies that previously have 
used the LiSN-S to examine the differences between children with susAPD and TD children found varying 
results. Cameron and Dillon (Cameron, Dillon, & Newall, 2006; Cameron & Dillon, 2008) found that the 
inability to use spatial information may be one important cause of the listening difficulties in children. 
Others found no differences in spatial processing between children with susAPD and TD children on 
the LiSN-S Test (Sharma et al., 2014; Barry et al., 2015). As also explained by the authors themselves, 
it would be beneficial to conduct studies that are more large-scale in the future with the LiSN-S to 
investigate whether the test can be used to distinguish between children with and without spatial 
processing difficulties. 

The significant underperformance of children diagnosed with APD on the auditory and visual DPT in 
the study of Bellis et al. (2011) indicates that a nonmodal-specific temporal ordering deficit may also be 
a possible characteristic that distinguish children diagnosed with APD from children diagnosed with other 
developmental disorders. Bellis et al. (2011) used an auditory DPT (Pinheiro & Musiek, 1985; Musiek, 
Baran, & Pinheiro, 1990) in their study with triads of 1000 Hz tone bursts differing in short (250 msec) 
and long (500 msec) duration. For the auditory DPT (Musiek, 1994), the levels of diagnostic accuracy 
(sensitivity, 0.86; specificity, 0.92) are known (Friberg & McNamara, 2010; Vermiglio, 2016). The visual 
DPT (self-developed) consisted of a black rectangle presented on a white screen in short (250 msec) 
and long (800 msec) triads. Bellis et al. (2011) reported robust effect sizes despite the small number of 
participants. The differences between children diagnosed with APD and children diagnosed with ADHD 
in auditory and visual DPT suggest that the deficits of children with listening difficulties are not specific 
to the auditory modality because children diagnosed with APD underperformed on both the visual and 
auditory version. Some authors proposed that problems in auditory processing are modality-specific if the 
problems are only situated in the auditory modality (Cacace & McFarland, 2005; Cacace & McFarland, 
2013). When there are also problems in other modalities, such as problems with visual tasks, they would 
rather not speak of APD. Furthermore, there is no evidence that the DPT also differentiates between 
children diagnosed with APD and children diagnosed with SLI or dyslexia. In the study of Iliadou et al. 
(2009), children with a diagnosis of APD and dyslexia scored poorer on the DPT compared with children 
with a diagnosis of only APD. Also, no differences between children diagnosed with APD and children 
diagnosed with SLI in performance on the DPT were found by Miller and Wagstaff (2011). Studies in 
which auditory pattern recognition is examined found similar results, that is, children diagnosed with 
dyslexia or SLI perform poorer than TD children in the detection of duration patterns (Walker et al., 
2002; King et al., 2003; Stollman et al., 2003; Walker et al., 2006). Therefore, it cannot be argued that a 
temporal ordering deficit is a distinguishing characteristic for APD. 

In general, there is substantial overlap between children with various developmental disorders. The 
performance of children diagnosed with APD on three outcome measurements (CHAPPS, LiSN-S, and 
DPT) suggested that there are differences between children diagnosed with APD and children diagnosed 
with other developmental disorders. However, the results are not consistent, and the findings seem 
insufficiently researched; hence, it remains ambiguous whether these results are replicable. As previously 
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mentioned by Moore and Hunter (2013), the various developmental disorders could be conceptualized 
as a general neurodevelopmental syndrome wherein “auditory, speech, language, attention, memory 
and behavioral difficulties (markers) in children are expressed along a continuum of severity” (Moore 
& Hunter, 2013, pp. 165). Perhaps it is possible to use the three outcome measurements found in this 
review to indicate where children are located on this continuum. 

Methodological Quality 

All included studies in this systematic review had moderate methodological quality because none of the 
studies used a random sample, because none of the assessors were blinded, and because it was not clear 
if the participants in the different groups were comparable or not at baseline. In most studies, it was also 
not evident whether the children in the various groups (APD, SLI, ADHD, and dyslexia) had additional 
deficits besides the primary diagnosis they had received. The studies did not describe a broad assessment 
at the beginning in order to: (1) check the specified diagnosis and (2) investigate all important skills 
covering all developmental areas. It could be that the number of pure cases of children with APD, SLI, 
ADHD, or dyslexia is negligible if a detailed assessment battery was used at the beginning of the studies 
(Bishop & Rutter, 2008). The absence of valid auditory processing measurement instruments is another 
factor that is of influence on the methodological quality of the studies. There are no valid auditory 
processing tests available because there is no reference standard for the assessment of APD (Vermiglio, 
2016). 

Clinical Implications and Future Research 

Children with various developmental disorders perform similar on the outcome of 85 of the 102 (sub)
tests (see Tables 5 – 8 and Fig. 2 for details). No significant differences were found between groups on 
most auditory tests, and on questionnaires and tests of intelligence, attention, memory, language, and 
reading. With the current measurement instruments used in clinical practice, it is difficult to distinguish 
the various disorders from each other. From the results of our previous systematic review (de Wit et al., 
2016), we know that children with susAPD perform significantly lower, compared to TD children, on 
auditory behavioral tests. Clinicians should take into account the fact that, if children have abnormal 
performance on a test for auditory processing, this does not automatically signify that the child has 
APD. Otherwise stated, the tests may distinguish abnormal from normal performance, however, they 
are not able to distinguish the various conditions from each other. It is also known that failure on a 
specific test, not necessarily mean that the child has a problem (Dillon et al., 2012). Also, TD children 
show considerable variability on at least some of these measures. From this and our previous review (de 
Wit et al., 2016), it is evident that listening difficulties experienced by children are multifaceted and that 
there is substantial overlap between various developmental disorders. As Moore (2016) stated, “Hearing 
necessarily involves the ear, the central auditory nervous system, and other brain systems, including 
attention, memory and vision.” Therefore, it is crucial that various professions work together and use a 
multidisciplinary approach not only in the assessment of children with listening complaints but also in the 
event of children who satisfy the diagnostic standards of SLI, ADHD, and dyslexia. This accords with the 
latest suggestion of Chermak et al. (2017) who stated that an audiologist, speech-language pathologist, 
and psychologist must collectively decide whether the listening difficulties arise from an auditory issue, 
problems with processing language, cognitive deficiencies such as attention, executive function, or 
working memory, or an aggregation of them. It is important to note that the similarities found in this 
systematic review between children with various disorders are valid on a group level and does not reveal 
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individual differences. Audiologists, speech-language pathologists, and psychologists should focus on the 
performance of the individual child. To apply appropriate treatment, the symptoms and complaints in 
everyday life of the individual child must be focused on and not necessarily the diagnostic label. 

The findings across the 13 studies should be interpreted according to study quality and design 
characteristics. Heterogeneity of the participants, inadequate reporting of the profile of participants, large 
variability in the measures and procedures used across studies, and a minimal number of studies with 
sometimes a small sample size should be taken into account when making comparisons between studies. 
There is a clear need for higher quality, well-designed studies in which a comparison is made between 
different groups of children with various disorders. We recommend that these studies include multiple 
groups of children with different diagnoses and the use of a detailed assessment battery incorporating the 
entire range of symptoms of neurodevelopmental disorders so that not only the performance of children 
diagnosed with APD is compared to the performance of children diagnosed with some other disorder but 
that the performance of children with all various developmental disorders can be compared with each 
other and that the entire continuum of developmental disorders can be identified. 

Limitations of the Current Review

The limitations of this systematic review are the same as the restrictions listed in our previous study 
(de Wit et al. 2016), specifically (1) only articles written in English were included; (2) case studies were 
excluded; (3) studies in which auditory processing or one of the used synonyms was not mentioned in 
the title were excluded; and (4) another way of classifying the methodological quality of the studies could 
lead to other studies included or excluded in this review. Unfortunately, conducting a meta-analysis was 
not possible because of the diversity among outcome measures and the wide variation in the descriptive 
of participants. 

CONCLUSION
Only marginal differences were found between children diagnosed with APD and children diagnosed 
with a different developmental disorder. Children diagnosed with APD and children diagnosed with SLI, 
dyslexia, ADHD, and LD have overlapping characteristics in terms of intelligence, memory, attention, and 
language. The reading skills of children diagnosed with APD overlap with the reading skills of children 
diagnosed with SLI. The results suggest that the CHAPPS questionnaire and the subtests of the LiSN-S 
in which noise is spatially separated from target sentences could possibly differentiate between children 
with difficulties in auditory functioning and children with language, reading, and attention disorders. 
However, this result is possibly confounded by the generally poor quality of the research studies included 
in this review and the quality of the used outcome measures. Additional research is required to better 
understand the different profiles of children with various complaints or disorders. 
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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. 



Listening diffi culties in children  - Auditory processing and beyond

127

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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ABSTRACT
Objective: This study investigated the perspectives of professionals from the Dutch audiological centers 
on the definition and care pathways of children with suspected auditory processing disorders (susAPD).  

Design: Focus group interviews. 

Study Sample: In total, 45 professionals from 6 disciplines, representing 22 different audiological centers 
and one ambulatory service, participated in five parallel focus group interviews. Participants had a variety 
of experience in diagnosing and advising children with suspected APD. 

Results: Qualitative analysis (open and thematic) identified four themes (“Definition”, “Causes”, 
“Diagnostic Procedures” and “Clinical Reasoning”) expressing a variety of perspectives. Differences in 
perspectives were mainly affected by two debates: (1) whether or not APD exists as a pure (auditory) 
disorder and (2) whether or not current AP-tests are suitable in diagnosing children with listening 
difficulties. They also expressed a need for more guidance from the literature in their clinical decision-
making process. 

Conclusions: Professionals from the Dutch audiological centers share a broad perspective on children 
with APD. The ICF framework supports this perspective, thereby diminishing the need for a clear 
definition. The use of AP-tests should be limited to children where broader developmental disorders are 
first ruled out; a possible “pure” APD could then be diagnosed in a limited number of children.
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INTRODUCTION
When a child has problems understanding speech in complex listening situations (for instance with 
background noise, or a speaker speaks very quickly and/or the sound quality is poor), while a peripheral 
hearing loss is absent, an auditory processing disorder could be suspected. Both in the literature 
and in clinical practice, there is agreement that these problems exist (Moore et al., 2013). However, 
professionals disagree with the definition and management when it comes to diagnosing these difficulties 
as auditory processing disorders. 

Definition and Terminology

Despite half a century of research on this subject, there is still much controversy about the definition, 
terminology and management of auditory processing disorders. First, there is a distinction between 
the actual deficit and the difficulties that arise from it. Regarding the deficit itself, several international 
consensus documents use the term “(Central) Auditory Processing Disorder ((C)APD)” or “Auditory 
Processing Disorder (APD)”, referring to a deficit in auditory information processing by the central 
nervous system (Jerger & Musiek, 2000; American Speech-Language-Hearing Association [ASHA], 
2005). A growing body of research in neuroscience shows that besides low-level (bottom-up) auditory 
processing, higher-level processing is also involved (British Society of Audiology [BSA], 2011; Moore, 
2016). So, both the terms “central” and “auditory” could be discussed because of these peripheral, but 
also non-auditory processes which are involved in processing auditory information. The difficulties which 
arise from APD are often named as listening difficulties, but this causes some confusion, because listening 
difficulties are broader and they could also be caused by other underlying deficits besides auditory 
processing deficits (Sharma, Purdy & Kelly, 2009; Rosen, Cohen & Vanniasegaram, 2012; Sharma et 
al., 2014, Gyldenkaerne et al., 2014). In this paper, the term “suspected APD” (susAPD) is used when 
children are not (yet) diagnosed with APD, but could be referred for diagnostic evaluation on auditory 
processing. 

Diagnosis

Diagnosis of auditory processing disorders has changed from a pure auditory perspective to a cognitive 
perspective. Including other disciplines and types of tests (attention, language, memory) is evident in the 
literature (BSA, 2011; DeBonis, 2015). Furthermore, the validity of auditory processing tests is a point 
of discussion; traditional tests measure more than pure auditory skills and can test for attention or other 
cognitive skills (Moore, 2010). This could raise the question whether auditory processing tests should still 
be included in diagnostic procedures, as consensus documents advise (Jerger & Musiek, 2000; ASHA, 
2005). However, some speech-in-noise tests, like Listening In Spatial Noise, that include intra-personal 
comparison and thereby ruling out cognitive aspects, could still possibly be useful in the diagnostic 
procedure to reveal the auditory deficit (Cameron & Dillon, 2011; DeBonis, 2015; Moore, 2016).

Audiological Centers in The Netherlands

Internationally, children with susAPD, are mostly seen by audiologists and/ or speech-language 
pathologists (Hind, 2006; Emanuel, 2011), and also by educational specialists (Logue-Kennedy et al., 
2011).

In the Netherlands, these children are often referred to audiological centers. These centers consist of a 
multidisciplinary team that offers diagnosis, rehabilitation, and counselling of hearing problems in children 
and adults. Furthermore, they serve in diagnosing children with speech and language difficulties. 
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Within the Dutch audiological centers, wide variation exists in the procedures for diagnosing and 
advising children with susAPD (de Boer & Kuijpers, 2011; Neijenhuis, Dekelver, Van Herel-de Frel, 
2016). Some centers use specific APD-procedures with standardized (auditory, language, psychological) 
assessments, other centers do not, instead focussing on assessing broader functioning of the child. These 
differences are, for professionals as well as for (parents of) clients, not desirable. 

Evidence Based Practice in Audiology

According to Sackett et al. (1996), “Evidence-based medicine is the conscientious, explicit, and judicious 
use of current best evidence in making decisions about the care of individual patients” (p.71). Evidence-
based practice (EBP) is the broader terminology most often used in audiology and related disciplines. It 
comprises of the integration of best available research evidence, clinical expertise, the clinical context and 
the client’s preferences and goals, where professional and client are both involved through the process 
called “shared decision making” (Wong & Hickson, 2012). In the absence of research evidence, or 
when research evidence is inconclusive, the decision-making process depends on the other elements of 
evidence in EBP: the professional, the clinical context and the client. 

In order to enrich evidence from the professionals’ perspective of EBP, the current study gathered 
evidence from professionals who work with children with susAPD. It aims to explore the perspectives of 
professionals from Dutch audiological centers regarding definition, symptomatology, comorbidity and 
diagnostics of susAPD in children. Results from this study will be linked to results from a consensus study 
(Luinge et al., 2016) and two systematic reviews (de Wit et al, 2016 and de Wit et al, submitted) to form 
an evidence base for a uniform approach in the diagnosis and referral of children with susAPD.

The main questions addressed in this study are:
• How do professionals working in audiological centers describe auditory processing disorders?
• What is the optimal care pathway for children with susAPD, according to Dutch professionals of 

the audiological centers?

METHODS
Study Design

When exploring opinions and perspectives from professionals, qualitative research methods are best 
suited (Creswell, 2006). The method “focus groups” was chosen because this qualitative method 
provides for interaction, encouraging respondents to explore and clarify individual and shared 
perspectives (Tong, Sainsbury and Craig, 2007). They determine which aspects of evidence are most 
relevant in the translation to everyday clinical practice (Green & Britten, 1998; Knudsen et al., 2012). The 
aim of our focus group interviews was to explore the variety of definitions of APD and opinions about 
the optimal care pathway.

Data were gathered during a national 1-d conference for representatives from Dutch audiological 
centers, organized by the Federation of Dutch audiological centers (FENAC) on 21 May 2014. The title 
of the conference was “Diagnosing Auditory Processing Disorders”. The conference aimed to inform 
professionals about the up to date knowledge on the subject, and also to stimulate sharing of their own 
ideas and experiences. Participants were informed beforehand that focus group discussions would be part 
of the program and that participation was voluntary. 
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Participants and Context

Using convenience sampling, all audiological centers that were part of FENAC were asked to send 
two representatives from different disciplines to the conference. Forty-five professionals, representing 
22 different audiological centers and one ambulatory service, participated in five parallel focus group 
discussions. Participants represented six different disciplines who are all concerned with diagnosis of APD. 
The allocation of participants across the focus groups was organized beforehand, so that disciplines and 
locations were evenly distributed. 

A minority of the participants (18/ 45) once received formal training on APD, through a 3-d course 
where administration and interpretation of auditory processing tests (AP-tests) is taught. This course was 
not available anymore since two years before they were interviewed. Other participants only followed 
formal theoretical education (MSc or BSc) on this subject (Table 1).

Table 1. Background of the participants and their distribution across the focus groups. 
Number of participants per focus group

Discipline Focus Group 1 Focus Group 2 Focus Group 3 Focus Group 4 Focus Group 5 Total

Speech-Language therapist (BSc) 3 4 3 3 2 15

Linguist or speech-language 
pathologist (MSc)

0 1 1 1 2 5

Audiologist (MSc) 3 2 2 1 2 10

Behavioural Scientist ((neuro)
psychologist, orthopedagogue) 
(MSc)

1 1 2 2 3 9

Audiology-assistant 1 1 0 0 0 2

Social Worker (BSc) 1 0 1 1 1 4

Total 9 9 9 8 10 45

Data Collection

Five experienced moderators led the group discussions. They all had an assistant who organized the audio 
recordings, observed the discussion and took notes. Both moderators and assistants were unknown to the 
participants and had no prior knowledge about them. A focus group manual (based on Slocum, 2006) 
was developed in order to manage the focus groups in an equal way. In an instruction session, led by the 
first author, ambiguities or uncertainties were discussed and opportunity for practice was provided. 

The following questions, derived from current literature on APD, were asked during the focus group 
discussions:

1. What kind of symptoms do you associate with children who have APD? (topic: symptoms)
2.  What symptoms do you also recognize in other developmental disorders? (topic: comorbidity)
3.  What causes could underlie these symptoms? (topic: causes)
4.  What kinds of assessments are needed to diagnose these disorders? (topic: assessment)
5.  What would be the optimal care pathway for APD, from detection to counselling? (topic: care 

pathway)

Before the audio recordings were started, participants were asked to manually sign informed consent 
forms, which they all did.

All focus group discussions were audio recorded by the assistant and later on transcribed verbatim and 
anonymized by an independent, non-participating research assistant. 
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Credibility

Credibility of the study data is ensured by minimalizing observer bias and member checking. In order 
to minimalize observer bias (Knudsen et al., 2012), the coding and analysis were carried out by the first 
author in cooperation with three other researchers without job experience in audiological centers. Two 
of them were familiar with the population and were also moderators of two focus groups. This ensured 
more perspectives with the data analysis and interpretation. A member check took place at a follow-up 
conference with the same audience in 8 June 2016. Results from data analysis were shown to the 
participants and in an interactive voting session, it was checked if the same perspectives still existed. As 
new perspectives did not arise and discussion points still existed, it was concluded that the results were 
still representative.

Data Analysis

Transcripts were imported and analyzed with qualitative data analysis software Atlas.ti (version 7, 
Scientific Software Development GmbH, Berlin, Germany). A combination of open and thematic coding 
techniques was applied. One researcher (K.N.) started open coding the transcript of focus group 1 and 
developed a preliminary coding structure. This preliminary coding structure was discussed with another 
independent researcher, who consecutively used this coding structure in coding the focus group 2, 
independently from the first researcher. In a second discussion session with two other researchers (E. d. 
W. & M. L.), the coding structure was fine-tuned, and consensus was reached. In this review process, 
new information was constantly compared with previous information, leading to (re)arrangement of 
codes, themes and relationships between codes and themes.

Theoretic Models

Theoretic models (International Classification of Functioning, Disability and Health [ICF], World Health 
Organization [WHO], 2002; Evidence Based Practice [EBP], Sackett et al., 1996) provided themes for 
applying thematic coding. ICF (WHO, 2002a), a biopsychosocial model of health, proved to be a useful 
framework to categorize data on definition and causes of APD (see figure 1). Within this framework, a 
person’s health is not defined solely by one’s anatomical and physiological features (i.e. body parts and 
structures). Rather, it is recognized that one’s health condition is also influenced by other factors at the 
level of the person and by environmental factors (including the physical and social context).

In audiology, this model proved to be useful to make functional descriptions of health, even in case 
of irreversible disorders of body functioning like permanent hearing loss (Gagné, 2016). In the case of 
APD, underlying disorders of body functioning are mostly unclear, but the ICF gives room to describe 
functioning in a broader perspective (see also Baas, 2011).

The model of EBP (figure 2) provided for the themes “scientific evidence”,  “professional”, “(clinical) 
context” and “client”.
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Figure 1. Model of functioning and disability illustrating the interaction of different health aspects  
according to the International Classification of Functioning, Disability and Health (ICF) (World Health 
Organization, 2002b, p.9). 

Figure 2.  Elements of evidence-based practice: underlying the clinical decision, there are four elements: 
scientific evidence, the professional’s knowledge and experience, patients’ (or clients) values and  
organizational context.  
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RESULTS
General Remarks

All interview questions (topics) were discussed in every focus group, but there were differences in depth 
of discussions. Some groups also discussed perspectives regarding intervention (FM systems, auditory 
training, etc.), showing the need for guidelines on this topic. However, as this was not the focus of the 
present study, data on this topic were not included.

The resulting themes were a combination of the previously defined interview topics (see Table 2) 
and themes appearing from the focus group data. Initially, there were 5 interview topics: symptoms, 
comorbidity, causes, assessment, and care pathway. Consecutively, the topics “symptoms” and 
“comorbidity” were combined into the theme “definition”, as they appeared to be connected in the 
interview data. In the discussions on assessment and the optimal care pathway, it proved to be difficult 
for participants to switch between current and ideal pathways; some stated that their current pathway 
was already ideal. Thus, “assessment” and “optimal care pathway” were combined into the theme 
“diagnostic procedures”. The theme “clinical reasoning” was added, as this topic emerged in the data as 
an important underlying theme.

Table 2. Resulting themes, related to the interview topics. 
Interview topics Resulting themes

Symptoms Definition

Comorbidity

Causes Causes

Assessment Diagnostic Procedures

Care pathway

Clinical Reasoning

Theme: Definition

Symptoms
In response to the question on symptoms, related to APD, participants mentioned a broad range of 
symptoms. They did not agree on a specific set of symptoms, but accepted that there is heterogeneity.

Well, my experience is, that there is actually not one symptom that can be observed and is specific for 
this population. And that’s what makes it so difficult (p43, behavioral scientist)1.

The symptoms cover a broad range of health aspects and could be categorized in the ICF-model. 
According to the participants, children with susAPD can have disabilities in all domains of ICF, which 
is illustrated in Table 3. Additionally, participants mentioned several discrepancies in functioning and 
activities, like poor speech understanding in noise versus normal speech understanding in quiet.

…… a child reacting as if he is hearing impaired, so in complex listening situations he reacts slowly or 
he does not react when called by his name. But there is no problem when it is quiet, which is the typical 
image of a hearing impaired (p1, audiologist).

1 Quotes are originally in Dutch, but translated for the purpose of this paper.
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Possible comorbid developmental disorders that were mentioned were categorized in the ICF-model 
(Table 3) under “personal factors”.

In all focus groups, a discussion developed around the existence of APD as a separate entity or 
diagnostic label. Also, the specificity of the disorder to the auditory modality played a role in this 
discussion. All participants agreed that a lot of the named symptoms overlap with the symptoms of 
other developmental disorders, like attention disorder or developmental language disorder.  However, 
two perspectives arose: one group shares the perspective that these symptoms are not evidence of a 
separate disorder (“APD does not exist”). Another group finds that APD does exist as a separate disorder, 
although it is scarce (see Figure 3). Both groups, however, recognize that listening problems can exist in 
children but there is an overlap with other developmental disorders; the main difference arises from the 
opinion of the existence of pure, auditory-specific processing disorders.

Well, sometimes you see children, sometimes, really once-in-a-while, when you exclude a lot of other 
possibilities, and that’s of course a specific information processing disorder in the auditory system, and 
then you could define an auditory processing disorder. 
(p37, behavioral scientist).

In my mind it’s always part of something else and I don’t believe that APD exists (p1, audiologist).

APD as a Diagnostic Label
Repeatedly, discussions arose on using the term “APD” as a diagnostic label. Advocates, who stress 
that this label should only be used in “pure, auditory-specific” cases of APD, find that it is needed 
for indicating interventions (like an FM system or referral for special educational needs) although 
others mention that interventions do not need the label APD as an indicator; a broader description of 
functioning in terms of strengths and weaknesses could be just as useful. Advocates also argued that 
parents and referrers would prefer a clear diagnostic label for their child or client. Opponents of the use 
of an APD label, argue that they want to prevent parents becoming too anxious by receiving a diagnosis. 
They argue that a description of strengths and weaknesses justifies the heterogeneity of the listening 
problems. By using a label, it could appear that the diagnosis is definitive and long lasting, while, in many 
cases, variability is shown in the developmental profile of children. Furthermore, an argument for not 
using the label “APD” is that a standardized definition for a diagnosis of APD does not exist.
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Table 3. Categorization of symptoms that could, according to professionals, characterize APD.   
This includes discrepancies and possible causes as part of the characterization. 
Body functions and structures Activity  Participation Environmental factors Personal factors

Sensory Functions: Hearing 
Behaves like having hearing loss
Difficulty hearing in noise
Difficulty filtering sound
Difficulty in processing rapid auditory information
Difficulty in processing verbal information
Difficulty in processing complex information
Hypersensitivity for sounds
Difficulty hearing in complex listening situations
Difficulty processing instructions
Difficulty in speech understanding

Learning and applying knowledge: directing attention
Less communicative
Absent behavior
Easily distracted
Information does not arrive
Slow reponses
Frequently asks for repetition 

Learning and applying knowledge: learning 
Difficulty learning to read

Learning and applying knowledge: active listening 
Difficulty handling background noise
Poor listening attitude
Difficulty following telephone conversation

Delay in academic performance
Inadequate reactions at parties
Unable to follow TV at normal loudness level

Eye contact required
Thorough questioning of parents needed

Insecure
Compensating behavior
Disturbing behavior
Withdrawal

Comorbidity
Poor intelligence
Autism spectrum disorder
Attention disorder
dyslexia
Language disorder
Hearing loss

Mental functions: attention
Attention problems because of speech understanding difficulties
Attention problems
No attention problems
Difficulties double tasking
Motoric restlessness
Fatigue

Mental functions: memory
Poor auditory memory
Mental functions: receptive and expressive language
Language disorder
Reading disorder

Discrepancies
Verbal vs non-verbal processing
Visual vs auditory processing
General vs auditory attention
Auditory vs non-auditory tasks
Hearing in quiet vs noise
Hearing problems despite normal hearing thresholds

Discrepancies
Communicative behavior in group vs one-on-one situations
Communicative behavior at home vs at school
Behavior in classroom does not match test scores

Causes:
Neurological disorder 
Auditory deprivation
Sensory disorder (hearing loss)
Social disorder
Cognitive disorder (attention, memory, language)
No explanation

Causes:
Too much noise in classroom
High expectations (from parents, 
teachers)
Lack of structure in classroom
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Figure 3. Two perspectives that constantly recurred in the focus group discussions. They appear to 
oppose each other regarding the acknowledgement of APD as a separate disorder. However, they agree 
that there is a lot of overlap in symptoms (listening problems, horizontally striped areas) with  
developmental disorders (the circles). 

Theme: Causes

The professionals mentioned causes related to body functions, and also environmental factors (see also 
Table 3). Disordered body functions that could possibly cause APD, according to the professionals, are:

• (deprived) hearing (e.g. middle ear problems in the past);
• (auditory) nervous system (delay or disorder);
• sensory system (hypersensitivity);
• cognitive ability (memory, reading, speech-language);
• social skills (e.g. less contact with others lead to deprivation of auditory input).

You have had intermittent conductive hearing loss, thus the brain never had the chance to make a 
template from the auditory reality (p13, audiologist).

Possible environmental factors that could cause APD, according to the professionals, are:
• A lack of structure in the classroom.
• Too much environmental noise (resulting in deprivation of good quality speech).
• Too high expectations from others (parents, school). 

This discussion was complicated, because professionals also argued that causes and effects are mostly 
not clear; is APD a primary or secondary disorder, or even a disorder at all?

Well, you can also turn it around: it is caused by APD or: APD is just part of those, all those problems 
that exist: short attention span, weak auditory memory, oh well name it all. And the whole expresses 
itself among the other things in problems with auditory processing. And which is the chicken and which 
the egg? (p30, speech-language therapist).
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Theme: Diagnostic Procedures

Professionals agreed on the multidisciplinary approach that audiological centers already use in diagnosing 
children with susAPD. Applied diagnostic procedures minimally consist of administering questionnaires 
about auditory functioning (e.g. CHAPS-NL; Neijenhuis & Nijland, 2005, based on Smoski et al., 
1998), audiometry, psychological assessment (IQ-testing) and (mostly) speech-language assessment. 
Other types of assessment that are mentioned are: AP-tests (Simkens & Verhoeven, 2000; Neijenhuis 
et al., 2003; Stollman et al., 2004), speech-in-noise tests (Bronkhorst & Plomp, 1990; Smits et al., 
2013), neuropsychological assessment (incl. attention and memory), observation at school/ home, and 
educational assessment. The order in which different assessments take place differs between centers, 
although all centers start with the intake and standard (pure tone and speech) audiometry. Regarding 
the choice for using auditory processing tests (AP-tests), there were four options mentioned by the 
professionals, illustrated in Figure 4.

Figure 4. Diagnostic pathways, mentioned by the professionals. Start of the pathway is the same, 
everybody agrees with multidisciplinary diagnostics, but the order and the choice for auditory tests 
differs. 

Some centers continue their diagnostic pathway with AP-tests (speech-in-noise testing and/ or full AP 
test batteries) and continue assessing higher level capacities later on. 

Other centers start with broader-oriented assessment (intelligence, speech-language) and use AP-tests 
to focus on auditory processing at the end of the pathway. 

Centers that use AP-tests at the beginning of the pathway, tend to administer them more often. One 
center uses shortened versions of all different assessments, as a multidisciplinary screening procedure, 
because of fi nancial considerations.

In contrast to the agreement on the multidisciplinary approach, the professionals differed in their 
opinions about the use and usefulness of auditory processing tests as part of this approach. AP-tests were 
seen as useful for excluding APD when scores are normal, but in the case of abnormal scores, there is a 
lot of uncertainty regarding the interpretation and the validity for real-life listening situations.

Intake
pure	tone and speech	

audiometry

Speech	in	noise test Broad,	multidisciplinary
diagnostics

AP	test	battery Broad,	multidisciplinary
diagnostics

Broad,	multidisciplinary
diagnostics AP	test	battery

Broad multidsciplinary
diagnostics

(without	AP	test	
battery)
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But regarding these (auditory) skills, it is always difficult, because: what do these small subtests mean 
for classroom functioning? And that’s actually the same with neuropsychological assessment…  (p16, 
behavioral scientist)

The psychometric quality of AP-tests was also questioned regarding the available Dutch test batteries. 
Some participants expressed a need for better tests. Current norms are based on small groups and 
reliability is regarded as low. Three centers mentioned that they would prefer if a shorter procedure for 
AP-testing, like a single speech-in-noise test, was added to standard audiometry. Professionals from one 
specific audiological center independently mentioned that they chose not to use the AP-tests anymore, 
due to lack of validity. This combines with their opinion that APD is not a separate disorder, but a set of 
symptoms, resulting from overlapping developmental disorders and that the label “APD” should not be 
used anymore (see Figure 3, right-hand side).

Well, because scientific studies proved that auditory test batteries don’t assess what they should assess. 
So that children fail who actually have attention problems. That’s why we chose [….] not to use them 
anymore. (p15, speech-language pathologist).

For some professionals, AP-tests were seen as useful for indicative purposes: intervention with an 
FM-system can be indicated if a speech-in-noise test score is abnormal. Also, AP-testing can help in 
completing the file that is needed for the referral for children with special educational needs and speech-
language impairment, because one of the indicators is abnormal test scores in “auditory processing”. 

But what they (= AP-tests) sometimes do prove is the question: will an FM system work, and sometimes 
you see that they (= children) don’t fail speech in noise areas but on other areas of auditory processing. 
And then we use this as an argument to say that an FM system is probably no solution. (p13, 
audiologist)

Theme: Clinical Reasoning

Decisions of professionals are based on all elements of evidence-based practice (scientific evidence, the 
professional’s experience, clients’ values and organizational context, see Figure 2).

Regarding the scientific evidence, there is uncertainty among the professionals. On the one hand, there 
is a lack of evidence and on the other hand, the available evidence is not straightforward according to 
the participants. They source the evidence in different ways: few of them mentioned scientific literature; 
others mentioned courses and conferences as sources of information. They expressed a need for practical 
guidelines for diagnosing APD, but also for more evidence on effects of auditory training.

Regarding the professionals’ experience, it was mentioned that development of diagnostic care 
pathways was mostly based on practical experiences. In one case this was illustrated by a small pilot 
study of the center’s own population.

Well, if you look at case research, case studies we did with AP-tests, and my colleague will tell you 
more later on, then it appears that we don’t have pure APD. (p33, linguist)
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The client’s values are mostly advocated by the parents, who were considered as very important. 
Although participants consider it very important that parents have a full understanding of their child’s 
problems, some do this by administering a lot of different assessments and others perform less tests, but 
emphasize observation and subsequent counselling.

But that [=psychological assessment] is sometimes hard to sell to parents. They came with a request 
for help on auditory processing and what do you do? You carry out a psychological assessment. Many 
parents in our area do not buy this. (p14, audiologist)

Finally, the organizational context also plays a role in care pathways, because centers have the different 
financial circumstances. One center mentioned financial reasons underlying their choice to perform only 
shortened versions of different tests, to keep a broad view. Only in special cases, do they choose to 
perform full testing.

DISCUSSION
The perspectives on APD of professionals working in audiological centers in the Netherlands can be 
categorized into four themes: definition of APD, causes of APD, diagnostic procedures, and clinical 
reasoning.  The results showed that professionals have different as well as common perspectives on APD. 

Regarding the first theme, definition, consensus exists about the existence of comorbidity and broader 
view on listening problems that is needed to describe this population. However, there was a lot of 
discussion and dissension about terminology: does APD exist as a pure disorder or not? The second 
theme, causes of APD, showed that both internal and external causes are not clear to professionals. 
Third, different diagnostic procedures are in use with the order and the choice of AP-tests having the 
greatest variation. Lastly, analysis of clinical reasoning according to the elements of EBP showed that 
professionals are insecure in making decisions about children with APD; among other things, they 
experience a lack of a high-quality evidence base, combined with confusion with the existing evidence.

Perspectives on definitions and terminology are similar to international discussions regarding modality 
specificity (i.e. is APD a pure auditory disorder?) (Cacace & McFarland, 2005; Rosen, 2005) and 
comorbidity (i.e. how does APD associate and overlap with other developmental disorders?) (Moore et 
al., 2013). Regarding the usefulness of AP-tests, Dutch professionals concurred with the internationally 
recognized importance of cognitive aspects in the diagnosis of hearing problems (Moore, 2016). 
However, the position of AP-tests in the diagnostic pathway proved to be different.  In this case, 
DeBonis’ suggestion (2015) might be a solution: diagnosis of listening difficulties starts from a broad 
developmental perspective; AP-tests are only used until all other (non-auditory) diagnoses are ruled out. 
It could then be expected that only a small minority of children (possibly those, illustrated by the small 
area in the left part of Figure 3) with listening difficulties would undergo these tests in the end. For some 
audiological centers, this is already standard practice and for other centers this would mean a change 
of the diagnostic process and possibly also in their clinical reasoning. Taking the comorbidities and lack 
of validity of AP-tests into account, it seems logical to start the diagnostics by ruling out non-auditory 
disorders, and possibly end with assessing a pure auditory disorder (whose existence is denied by some 
professionals and doubted by most of them).

Insecurity of professionals in clinical reasoning around APD seems likely to be caused by a lack of strong 
scientific evidence. It would be helpful to have a firmer evidence base, as the current literature lacks high 
quality studies (de Wit et al., 2016). A Dutch Position Statement would partly be a solution to this by 
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providing the available high-quality evidence, together with consensus among professionals. However, 
clinical reasoning processes should always lead to different clinical decisions, because in EBP the individual 
client (and/ or his parents) is always participating in this process, by sharing in the professional’s decisions 
(also called “shared decision making”, see also Laplante-Lévesque, Hickson and Worrall, 2012).

There are two discussion points regarding the participants in this study. First, if the   distribution of 
participating professionals in the sample can be considered as representative. The present study sample 
represented professionals from two-third of all Dutch audiological centers and the distribution of 
disciplines was also representative for the distribution within a center. This was reflected by the diversity 
in opinions and perspectives. Second, they may have shown circular reasoning; they often mentioned 
behavior that was already described in available checklists and questionnaires, (CHAPS; Smoski et 
al, 1992; Keith’s checklist, 2000). The data of this study may thus not fully be based on real clinical 
experience, as professionals were not able to separate their own experience from external evidence. 
Furthermore, perspectives on the ideal care pathway were greatly influenced by the current pathway 
from their own center (which was often already ideal, as they said). Therefore, differing between 
perspectives of disciplines proved to be not useful: perspectives on care pathways were mostly dependent 
on the center they worked for.

Regarding the methodology in this study, the focus group method proved to be appropriate. 
Participants discussed at length with each other, which revealed a lot of underlying clinical reasoning that 
would not be revealed in individual interviews. Although moderators tried to give every participant the 
chance to speak, some participants might have expressed their opinions more often than others. 

As many similar issues were discussed in the focus groups (especially the main topics: definition and use 
of AP-tests), it is concluded that there is saturation in the data. However, participants also expressed their 
needs to discuss other subjects on interventions, like FM-system or auditory training. As these subjects 
were not discussed in every focus group, they were not further analyzed.

CONCLUSION
The main research questions about defining APD and describing the optimal pathway of care did reveal 
different perspectives from professionals, working in Dutch audiological centers. Two debates seem to 
underlie all discussions: (1) Whether or not APD exists as a pure (auditory) disorder and (2) whether or 
not current AP-tests are suitable in diagnosing children with listening difficulties. For clinical practice, we 
suggest two implications for these two issues. Regarding the first issue, using the ICF-framework could 
pose a solution; The ICF forces the professional to view the client’s functioning in a holistic manner, 
rather than focussing on the disorder itself. Rather than solving the issue of modality specificity of an 
auditory disorder, a broad description of listening difficulties will be starting point for broad intervention. 
Regarding the second issue of using AP-tests, focussing on broad multidisciplinary testing lessens the 
need for AP-tests. As professionals mentioned in this study: if first all broader developmental disorders are 
ruled out, may be in the end, AP-testing could define a possible “pure” auditory deficit in a very limited 
number of children.
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ABSTRACT
Introduction: Children with listening difficulties, despite normal audiograms, can be diagnosed with 
auditory processing disorders (APD). However, there is much debate about the definition and diagnosis 
of APD. APD is a highly controversial topic in audiology and speech-language pathology. The aim of the 
present study was to reach consensus among speech-language therapists (SLTs) and audiologists on the 
possible etiology and diagnostic criteria of children with listening difficulties and to determine possible 
characteristics and diagnostic procedure.   

Methods: A Two-round web-based questionnaire Delphi study was conducted, in which 12 professionals 
(7 SLTs and 5 audiologists) participated. Consensus was considered to be achieved when at least 70% of 
the panel agreed. 

Results: Consensus is achieved on five characteristics that could indicate the possible presence of 
difficulties in auditory processing. Panel members agreed (82%) that APD should not be seen as 
a separate diagnosis, and that difficulties in auditory processing can be caused by neurological or 
physiological factors and co-occur with dyslexia (91%), ADHD (82%), or SLI (82%). 

Conclusions: This study reports on the consensus among Dutch SLTs and audiologists regarding the 
possible etiology, diagnosis, characteristics, and referral of children with listening difficulties. The findings 
can provide guidance on how Dutch clinicians should deal with children with listening difficulties in daily 
practice. Next steps should focus on reaching international consensus. 
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INTRODUCTION
Children with difficulties in understanding speech and hearing in noisy classrooms or with difficulties 
following verbal instructions have been described as having auditory processing disorders (APD) (ASHA, 
2005; Moore et al., 2013; Ahmmed & Ahmmed, 2016). Despite normal audiograms and without any 
known underlying cause or pathology, these children seem to have difficulties with processing auditory 
information. The reduced ability to listen and respond appropriately to sound, affects ‘daily life’ (BSA, 
2011, 2017). 

However, there is a lot of discussion about the validity of the APD diagnosis. APD is a highly 
controversial topic in audiology and speech-language pathology today (de Wit, Steenbergen, Visser-
Bochane, van der Schans, van Dijk & Luinge, 2018; Iliadou & Kiese-Himmel, 2018; Moore, 2018). It 
is not clear if APD can be seen as a distinct clinical entity (e.g., Dawes & Bishop, 2009; Moore et al., 
2013; Allen & Allan, 2014; Vermiglio, 2014; DeBonis, 2015; de Wit et al., 2018). According to the British 
Society of Audiology (BSA, 2011, 2017) there are three categories of APD: (1) developmental APD, 
(2) Acquired APD, and (3) Secondary APD. The international debate is particularly focused on the first 
category: developmental APD. The BSA (2011, 2017) defines developmental APD as the ‘poor perception 
of both speech and non-speech sounds, which has its origins in impaired neural function, which may 
include both the afferent and efferent pathways of the central auditory nervous system (CANS), as 
well as other neural processing systems that provide ‘top down’ modulation of the CANS. These 
other systems include, but are not limited to language, reading, speech, attention, executive function, 
memory, emotion, vision and action’ (p.6, 2017). Furthermore, there is a high co-occurrence between 
developmental APD and other learning disorders in children, for example specific language impairment 
(SLI), dyslexia, and attention-deficit hyperactivity disorder (ADHD) (BSA, 2017; de Wit et al., 2018).  In 
this study, the term “APD” is used to refer to the diagnosis or the label APD, whereas the term “listening 
difficulties” 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).

As mentioned, the definition and diagnosis of APD is questionable. The estimated prevalence of children 
with an APD diagnosis varies from 0.5% to 7.0 % (Chermak & Musiek, 1997; Bamiou et al., 2001; Hind 
et al., 2011; Nagao et al., 2016), presumably due to differences in the definition of APD and diagnostic 
criteria (Wilson & Arnott, 2013). There is a lot of discussion about how children with reported listening 
difficulties should be examined and treated and who is the designated professional to whom these 
children should be referred. 

The lack of clarity in scientific evidence is reflected in the care for children with difficulties in auditory 
processing (Hind, 2006; Moore & Hunter, 2013). A primary concern is that the current diagnosis 
sometimes seems to be determined more by the referral route than by the symptoms (Moore et al., 
2013). For many clinicians, it is not clear whether the insufficient listening ability of children referred 
for an auditory processing assessment is caused by a sensory, cognitive, or both sensory and cognitive 
impairment (Moore, 2015). The uncertainties related to the APD diagnosis provoke diversity among 
professionals with the result that children are not adequately treated. In the Netherlands, children rated 
by their parents or therapist as having listening difficulties are referred to an Audiological Centre by an 
education specialist and/or a private practice speech-language therapist (SLT) (Neijenhuis & Nijland, 
2005; Neijenhuis & Van Herel-De Frel, 2010; Van den Bosch & Gerrits, 2013). In the Dutch Audiological 
Centers, multidisciplinary teams of experts are engaged in research, rehabilitation and assistance of 
adults and children with hearing problems or speech and/or language disorders (www.fenac.nl). From 
previous research, we know that there is a wide variation between Dutch Audiological Centers in 
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diagnostic procedures and counselling of children who experience listening difficulties (Van den Bosch & 
Gerrits, 2013; Neijenhuis et al., 2016). A survey among Dutch SLTs and audiologists showed that there 
is no uniformity in procedures for diagnostics and referral in the Netherlands for children with listening 
difficulties (Van den Bosch & Gerrits, 2013). This lack of uniformity reflects the (inter)national discussion. 
There is a need for more clarity about the etiology, diagnostic criteria and the management of children 
who suffer from listening difficulties. Consensus between Dutch professionals about a set of typical 
clinical signs might be useful in a uniform identification and management of these children in clinical 
practice. 

With a Delphi study, it is possible to turn professionals’ opinions into group consensus (Hasson et al., 
2000; Hsu & Sandford, 2007). The Delphi research technique can be used to make effective decisions 
in situations where conflicting or insufficient scientific information is available and empiricism evidence 
is missing or is controversial, as in the case with APD (Jones & Hunter, 1995; Hasson et al., 2000; 
Boulkedid, Abdoul, Loustau, Sibony, Alberti, 2011; Hasson & Keeney, 2011). Consensus among experts 
about the diagnostic procedure and treatment of listening difficulties in children can serve as a first step 
forward and can be used for the development of a guideline for Dutch practice, as well as for indicators 
for further empirical research (Boulkedid et al., 2011; Birko, Doves, & Özdemir, 2015). The aim of the 
present study was to use a Delphi process to reach consensus among Dutch SLTs and audiologists on 
the diagnostic criteria of listening difficulties in children and to determine possible characteristics and 
diagnostic procedure for children with listening difficulties.

METHODS
Data Collection 

A two-round internet-based Delphi study was used to gather opinions and gain consensus amongst 
Dutch SLTs and audiologists on clinical signs, comorbidity and referral for children with listening 
difficulties. Since there is discussion among Dutch professionals about how children who have difficulties 
with listening should be identified, tested and treated in clinical practice, we choose to conduct a Delphi 
study in addition to an expert meeting and focus group discussions (Neijenhuis et al., 2017). The Delphi 
process of this study is outlined in a flow diagram (Figure 1). 

Participants and Recruitment 

In a Delphi study, subjects who are familiar and have knowledge of the topic are investigated (Hasson et 
al., 2000; Birko et al., 2015). According to McKenna (1994), a Delphi study includes a ‘panel of informed 
individuals in a specific field of application, in order to seek their opinion or judgement on a particular 
issue’ (p. 1221). Internationally, SLTs and audiologists are involved in the care for children with difficulties 
in auditory processing (American Speech-Language-Hearing Association [ASHA], 2005; Bamiou et al., 
2006) and can therefore be seen as experts in identifying, diagnosing and treating these children. As 
mentioned previously, in the Netherlands the diagnostic testing of children rated by parents as having 
listening difficulties is carried out in Audiological Centers where SLTs and audiologists work together in 
multidisciplinary teams. Spread across the Netherlands, 25 Audiological Centers are recognized. These 
Audiological Centers are divided into (1) eight University Medical Centers, and (2) seven peripheral 
organizations with various establishments (www.fenac.nl). The identification and possible treatment of 
children with listening difficulties is performed by private practice SLTs. Therefore, we selected Dutch SLTs 
and audiologists from various Dutch Audiological Centers and SLTs working in private practice for the 
Delphi panel of this study.
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Figure 1. Flow diagram of the consecutive steps in the Delphi study.

We used purposive sampling. The panel members were recruited from different mailing lists of three of 
the involved authors (author 1, 2, and 5). From these mailing lists (80 professionals in total), we selected 
34 professionals active in the different organizations based on their geographic representation across the 
Netherlands. Fifteen (44,1%) professionals accepted the invitation of whom 12 (35,3%) professionals 
completed the fi rst Delphi-round and of whom 11 (32,4%) also participated in the second Delphi-round. 
Panel members who had given permission for participation were free to withdraw at any time. The three 
professionals who did sign up, but eventually not completed the fi rst round, indicated that they did not 
have enough knowledge of children with listening diffi culties. All panel members who joined the Delphi 
panel are experienced in identifying, testing and the management of children with diffi culties in auditory 
processing, with an average of 14 years of experience. Half of the panel members (6/12) followed in 
the past a three-day course with regard to the administration and interpretation of auditory processing 
tests. Seven panel members were present at the national 1day conference for professionals from Dutch 
Audiological Centers about the identifi cation and diagnostic procedure of auditory processing disorders. 
The two participating SLTs working in private practice, only followed formal theoretical education. They 
are experienced in identifying, referring, and treating children with listening diffi culties in their clinical 
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practice. The reasons for the 19 professionals to refuse participation in the panel were ‘having no time’ 
or ‘having no experience with children with listening difficulties’. Some of the invited experts gave no 
reaction at all. The composition of the Delphi panel is shown in Table 1.

Table 1. Composition of the Delphi panel.
Delphi Panel 12 (100%)

Work setting Discipline

Audiological Centres Audiologist (MSc)
Speech-Language Therapist (BSc)

5 (41,7%)
5 (41,7%)

Private practice Speech-Language Therapist (BSc) 2 (16,7%)

Region of the Netherlands

North 2 (16,7%)

East 3 (25%)

South 2 (16,7%)

West 5 (41,7%)

Delphi Procedure and Measures 

A Delphi study consists of several rounds. Two or three rounds are considered as optimal, although there 
is no strict guideline for this (Landeta, 2006; Boulkedid et al., 2011). This Delphi study used a web-based 
questionnaire in two rounds, performed by Survey Monkey. A personal link to the online form was sent 
to the 34 invited professionals. In this invitation, all participants received information about the research 
question and the Delphi process. In the information letter, we referred to the population of children 
with listening difficulties despite normal audiograms (children who have difficulties understanding in a 
noisy environment and following oral instruction in classroom). In this study we used the term “listening 
difficulties” to refer to the group of children who have any problems with listening reported by caregivers 
or teacher but who have not yet been examined or diagnosed. We did not use the term “APD” in the 
invitation letter, since one of the goals of this study was to investigate to what extent the diagnosis APD 
is used by the experts. Furthermore, we used the description “difficulties in auditory processing” to refer 
to the possible underlying deficit of the listening difficulties in children. The term “APD” was only used 
if we explicitly asked respondents for their opinion on the diagnosis of APD. The data collection was 
performed by the third author. An advantage was that this author was unknown in the field of listening 
difficulties or APD, so that the respondents were not affected by her opinion about APD. The invitees 
were asked to respond within two and a half weeks. A reminder was sent after one and two weeks to all 
invited professionals who had not yet responded. The answers of Delphi Round 1 were analyzed after 
anonymization and used for the design of Delphi Round 2. Both questionnaires were tested beforehand 
by two SLTs to check clarity. Nine weeks after closing the first questionnaire, the second questionnaire 
was sent to the panel members who participated in Round 1. Also, in this second Delphi round panel 
members were given two and a half weeks to complete the questionnaire, and a reminder was sent after 
one week, two weeks and a day before the closing of the second Delphi round. At the second round, 
there was consensus when at least 70% of the panel members agreed with a statement (Hsu & Sandford, 
2007).
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Delphi Round 1

The first round consisted of 26 open-ended questions to explore opinions of SLTs and audiologists on 
characteristics, referral, and co-occurrence of listening difficulties with other disorders (see Appendix 
1- First round questionnaire). The first six questions were related to the background and work experience 
of the respondents. Question 7 to 20 were related to two fictitious cases, case Eveline and case Eric (see 
Box 1 and Box 2). The two cases used for these 14 questions are fictitious cases. No diagnosis is known 
or established for these cases and the presence of APD or another diagnosis is not verified, because the 
cases are based on a combination of information from the literature and information from multiple cases 
of children who have been rated by parents as having listening difficulties, brought in by professionals 
from Dutch Audiological Centers during the national 1day conference. For case Eveline, we used 
characteristics associated in the literature with the diagnoses APD, SLI and dyslexia. Case Eric is built on 
the basis of characteristics associated in the literature with the diagnoses APD and ADHD. To minimize 
the possibility that responses of panelists would be biased by any pre-existing opinions on APD, we did 
not use the term "APD" or "listening difficulties" during the questions about case Eveline and case Eric. 
Panel members were asked which diagnosis they suspect (What do you think is the problem in case 
Eveline/ Eric?), which characteristics from the case description support this suspicion, or they think that 
there is comorbidity, what additional information they need to be able to make a diagnosis, and to which 
disciplines they would like to refer Eveline and Eric for further diagnostic testing (see Appendix 1- First 
round questionnaire).

Case Eveline
Eveline (7 years and 6 months) is in the second grade of elementary school. She is a weak 
reader and has just passed from the first grade to the second grade. She has difficulties in 
spelling and in dividing words into pieces. Additionally, Eveline seems to produce short simple 
sentences compared to her peers. The teacher is also worried about her hearing. When there is 
a lot of noise in the classroom, Eveline seems to have difficulties in understanding her 
classmates and the teacher. She asks often to repeat something. She has fewer problems 
hearing in quiet. Her mother recognizes this and indicates that Eveline has also difficulties in 
understanding her parents and brother. Eveline never wants to talk on the phone, because she 
cannot understand the other person. She is easily distracted. If there is a lot of background 
noise or if Eveline gets long and difficult tasks, she seems to withdraw and ignores her 
environment. Eveline does hear other noises, such as the telephone or the front doorbell. As a 
baby, Eveline had difficulties with localizing noise. Additionally, Eveline responded not always to 
sounds. In the Audiological Centre, they conducted an audiogram which indicated normal 
pure-tone thresholds. Also, in the Audiological Centre, it is noticed that Eveline is easily 
distracted, and that she needs more explanation for a task.

Box 1. The fictitious case Eveline, used in Round 1.
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Case Eric
Eric (7 years and four months) is a busy guy. If he is playing, he seems to have difficulties to 
focus his attention on his toys. As a consequence, he frequently switches toys. If he is playing 
with his older sister, he forgets sometimes that he is playing with someone. Also, during meals, 
he is easily distracted. He is frequently dreamy and seems to be in his own world. Then, it is 
difficult to reach him, he doesn’t hear that someone is talking to him. According to his mother, 
he does not listen very well. ‘If we give him a warning, he does not seem to hear it. He just 
won’t listen to us.’ Also, when he gets a task, he forgets to perform this task. Because there is 
doubt about his hearing, the Audiological Centre conducted an audiogram. The audiogram did 
not show any deviant pure-tone thresholds.

Box 2. The fictitious case Eric, used in Round 1.

Question 21 to 25 (see Appendix 1- First round questionnaire) of the first round were related to the 
opinion of the panel members about the possible cause and consequences of difficulties in auditory 
processing and the comorbidity with other developmental disorders. To avoid that panel members were 
influenced when answering previous questions, the last five questions about difficulties in auditory 
processing were not visible before panel members had answered the questions about case Eveline and 
case Eric. At question 26, the respondent got the opportunity to give open comments on Round 1.

The panel members’ responses to the questions of the first round were collated, summarized and 
analyzed using descriptive statistics or were described qualitatively. The answers to the open-ended 
questions were classified under literature-based themes and codes, which were drawn up prior to this 
Delphi study. The themes used were: diagnosis, characteristics, comorbidity, cause and consequences, 
referral and related disciplines. 

Delphi Round 2 

The second round was aimed at gaining consensus on the characteristics, comorbidity and the diagnostic 
procedure of children with listening difficulties (see Appendix 2- Second round questionnaire). Round 
two consisted of 22 new questions. The questions in the second Delphi round were based on the answers 
given by the panel members in the first Delphi round. The answers given by the participants in Round 1 
were returned in Round 2 and were discussed in more detail. The second round consisted of 12 open-
ended questions, five statements, three yes-no questions, and one question about the clinical signs of 
children with difficulties in auditory processing. The second round was again closed with a question in 
which panel members had the opportunity to give open comments to the questionnaire. 

In the first round, respondents indicated which diagnosis they expected in case Eveline and case Eric. 
More than one problem or suspected diagnosis could be given at this question. The characteristics 
which supported the presence of difficulties in auditory processing, mentioned by panel members in the 
first round, were presented again in the second round. Panel members were asked to indicate to what 
extent the characteristics are a signal for possible difficulties in auditory processing. They had to rate 
each characteristic into ‘no clinical sign’, ‘a clinical sign’ or ‘a strong clinical sign’ for possible difficulties 
in auditory processing. Because both labels ‘a clinical sign’ and ‘a strong clinical sign’ refer to a possible 
sign for difficulties in auditory processing, these two labels were taken together in the analyses. If at least 
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70% of the panel members have indicated a characteristic as clinical sign, then there was consensus. 
In addition, we asked the panel members whether they agreed on the overlap in characteristics between 

the various developmental disorders and asked the respondents if they could indicate how the various 
disorders might co-occur. Furthermore, we asked the panel members what they see as possible causes 
and consequences of difficulties in auditory processing. In between, panel members received the five 
statements regarding disciplines that should be involved in the assessment of children with difficulties in 
auditory processing and whether the respondents believe that APD should be seen as an isolated disorder 
or not (see Appendix 2- Second round questionnaire). Microsoft Excel was used to analyze the data and 
we used descriptive statistics in order to examine at which points consensus was reached.

RESULTS
First Delphi Round

The questions in the first round were mainly focused on the two case descriptions (Eveline and Eric) and 
were designed to find out how often panel members suspect listening difficulties or APD in a particular 
case description and which characteristics contributes to this presumption.

Diagnosis 
In the first open-ended question, respondents were asked which problems or diagnoses they suspected 
based on the information mentioned in the case description, with the ability to give more than one 
answer. Panel members mentioned several suspected problems for Eveline and Eric (see Figure 2). In 
the case of Eveline, eight respondents indicated that there could be more than one problem. Most 
panel members mentioned difficulties in auditory processing in combination with other difficulties. In 
six of the eight times, the respondents used the term “APD” or the Dutch equivalent “AVP” (auditieve 
verwerkingsproblemen), and once the term “listening difficulties” and “weak auditory skills” were 
used to indicate problems with listening. Only one respondent mentioned a single diagnosis, namely 
APD. Three respondents indicated that they need more information to be able to say something about 
the diagnose. Two of them, however, mentioned which problems they suspected based on the case 
description. In the case of Eric, most panel members suspect an attention and/or concentration disorder, 
AD(H)D or an information processing disorder, such as autism. Six respondents gave more than one 
possible disorder in the case of Eric. 
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Figure 2. Suspected problems of Eveline and Eric. 
In this open-ended question, respondents could indicate which problem or suspected diagnosis could be given (more than one answer 

could be given). AD(H)D, attention defi cit (hyperactivity) disorder; APD, auditory processing disorder; PDD-NOS, pervasive 

developmental disorder - not otherwise specifi ed.

Characteristics
Round 1 generated characteristics panel members associated with diffi culties in auditory processing. 
These are the symptoms that were mentioned by the panel members who answered the question ‘What 
do you think is the problem in case Eveline / Eric’? with APD, listening diffi culties, or weak auditory 
processing. These three responses are combined in the sequel under the term “diffi culties in auditory 
processing”. Eight panel members suspected  diffi culties in auditory processing based on the following 
characteristics: diffi culties in phoneme analyses and synthesis, diffi culties with hearing in noise, frequently 
asks for repetition, diffi culties in remembering oral information, diffi culties in following complex 
directions, fewer problems hearing in quiet, auditory attention problems, diffi culties in spelling, problems 
with reading, production of short and simple sentences, withdrawal, weak listening skills reported by 
teacher, diffi culties in noise localization, no peripheral hearing loss, diffi culties with making a phone call, 
and easily distracted. In seven of the eight panel members indicated that these symptoms gave rise to the 
suspicion of diffi culties in auditory processing in co-occurrence with reading, language and/or attention 
problems.

Comorbidity
Ninety-two percent of the panel members suspected comorbidity in the case of Eveline, and 50% of the 
panel in the case of Eric. 

Referral
Fifty-eight percent of the respondents indicated that they prefer referring to a multidisciplinary team with 
a SLT, audiologist and behavioral scientist in the case of Eveline (see Figure 3). In the case of Eric, they 
most often mentioned a behavioral scientist (50%) or a behavioral scientist in combination with a SLT 
(25%) to refer to. 
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Figure 3. Disciplines that the respondents want to refer to for further diagnostics of Eveline and Eric.
SLT, speech-language therapist.

Second Delphi Round   
The questions in the second round (see Appendix 2- Second round questionnaire) were based on the 
answers given by the panel members in the fi rst round and were intended to reach consensus on the 
characteristics, comorbidity and the diagnostic procedure of children with listening diffi culties. 

Characteristics
In this second round, we presented the 16 characteristics that the panel members had designated in 
case Eveline as being characteristic of diffi culties in auditory processing (alone or in combination with 
reading, language and/or attention problems) and the two characteristics mentioned in case Eric as being 
characteristic of ADHD or autism (‘busy’ and ‘dreamy’) to the panel. We asked them to categorize these 
18 characteristics as a possible ‘clinical sign’ or ‘no clinical sign’ for diffi culties in auditory processing.  The 
question was to indicate for each characteristic whether it can be a possible signal for the presence of 
diffi culties in auditory processing. For fi ve characteristics, consensus (≥70%) has been reached (see Figure 
4). Consequently, the following characteristics were considered as a clinical sign for the possible presence 
of diffi culties in auditory processing: (1) diffi culty hearing in noise (100%), (2) auditory attention 
problems (91%), (3) fewer problems hearing in quiet (82%), (4) diffi culties in noise localization (73%), 
and (5) diffi culties in remembering oral information (73%). Two of the panel members emphasize that 
the characteristics they indicate as clinical signs, do not imply that these clinical symptoms are solely 
associated with diffi culties in auditory processing or that the diagnosis of APD is legitimized.
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Figure 4. Clinical signs of difficulties in auditory processing. 
Consensus on a clinical sign is defined to exists, when at least 70% of the respondents consider it characteristic for problems in auditory 

processing (vertical line). 

Comorbidity  
Consensus was reached on the co-occurrence of difficulties in auditory processing with other 
developmental disorders. The respondents were asked whether they expect that difficulties in auditory 
processing can co-occur with ADHD, dyslexia and SLI, and what relationship they expect that exists 
between the various disorders. The respondents agreed that difficulties in auditory processing always 
co-occur with ADHD (82%), SLI (82%), or dyslexia (91%). Seven respondents (64%) also state that 
difficulties in auditory processing co-occurs with concentration and attention problems and autism. How 
the different developmental disorders may be related to each other according to the respondents, is 
shown in Table 2. There is consensus on the relationship of difficulties in auditory processing with ADHD 
and dyslexia. Panel members indicate that difficulties in auditory processing can be a part of ADHD 
(89%) and dyslexia (80%). 
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Table 2. The possible relation between difficulties in auditory processing and ADHD, dyslexia and SLI 
according to the panel members. 
Response Category ADHD (n=9) Dyslexia (n=10) SLI (n=9)

APD is another name for ADHD/Dyslexia/SLI 0% 0% 0%

Difficulties in auditory processing are part of 
ADHD/Dyslexia/SLI

89% 80% 44%

Difficulties in auditory processing are a 
consequence of ADHD/Dyslexia/SLI

11% 0% 11%

Difficulties in auditory processing causes ADHD/
Dyslexia/SLI

0% 10% 11%

There is no relation, these disorders may 
accidentally co-occur together

0% 10% 33%

 
Bold numbers mean that there is reached consensus among panel members. 

ADHD, attention deficit hyperactivity disorder; APD, auditory processing disorder; SLI, specific language impairment. 

Cause and consequences 
According to panel members, difficulties in auditory processing are caused by neurological and 
physiological factors (see Figure 5). Of the 11 respondents, 9 respondents (82%) agreed that difficulties 
in auditory processing can hinder school performance, especially spelling skills. 

Referral 
Ninety-one percent of the panel members agreed with the statement ‘children with difficulties in auditory 
processing should be referred to a multidisciplinary team for further diagnostics’. According to the panel 
members, the following disciplines should be included in this multidisciplinary team: SLT, behavioral 
scientist (psychologist or orthopedagogue), and audiologist (see Figure 6). 

Diagnosis 
At the end of the second Delphi round, respondents were asked to respond to the following statement 
‘APD should be seen as an isolated disorder’. This was asked to make an inventory of the respondents’ 
opinion about APD as a diagnostic label. The panel members could answer this statement with yes or no. 
There is consensus among panel members (82%) that APD should not be seen as a diagnostic label.
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Figure 6. Disciplines which should be part of the multidisciplinary team in the assessment of children who 
suffer from difficulties in auditory processing according to the 11 panel members. 
SLT, speech-language therapist.

DISCUSSION
This study was aimed to reach consensus among SLTs and audiologists on the possible etiology and 
diagnostic criteria of listening difficulties in children and to determine possible characteristics and 
diagnostic procedure for children with listening difficulties. Consensus was reached on the assumption 
that difficulties in auditory processing can be seen as part of dyslexia and ADHD and that these difficulties 
are caused by neurological or physiological factors. In addition to the idea that reported listening 
difficulties are part of another disorder, there is consensus on five clinical signs that could indicate the 
possible presence of difficulties in auditory processing: (1) difficulty hearing in noise, 
(2) auditory attention problems, (3) fewer problems hearing in quiet, (4) difficulties in noise localization, 
and (5) difficulties in remembering oral information. When possible difficulties in auditory processing 
are suspected, panel members agree that further diagnostics should be performed by a multidisciplinary 
team. Furthermore, the results of this study show that the Dutch SLTs and audiologists who participated 
in this Delphi study agree (82%) that APD should not be seen as a separate diagnosis, but that difficulties 
in auditory processing co-occur with dyslexia (91%), ADHD (82%), or SLI (82%). 

Nationally and internationally there is a need for consensus on how to deal in clinical practice with 
children with listening difficulties. The aspects on which consensus has been reached in this national 
study can serve as a first step towards obtaining international consensus. In order to reach international 
consensus, the same study design could for example be used in a larger scale international study. To 
give Dutch clinicians a guideline for the diagnostic procedures and counselling of children with listening 
difficulties and the diagnosis APD, we started, in collaboration with the Federation of Dutch Audiological 
Centers (FENAC) the development of a Dutch Position Statement (de Wit, Neijenhuis & Luinge, 2017). 
The purpose of this position statement is to offer Dutch professionals an evidence bases for a uniform 
approach in identifying, diagnosing and treating children with listening complaints. In addition to the 
current Delphi study, a focus group study (Neijenhuis et al., 2017) was also conducted as evidence base 
for this position statement. The results of the focus group study (Neijenhuis et al., 2017) have shown that 
there is a lot of discussion among Dutch professionals on the existence of APD as a separate diagnostic 
category. Two perspectives emerged: some of the Dutch professionals believe that APD does not exist as 
a separate disorder. Another part of the group thinks that isolated APD exists, although it is rare. Also, 
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internationally the debate is whether APD can be seen as a separate clinical entity (e.g., Dawes & Bishop, 
2009; Dillon et al., 2012; Cacace & McFarland, 2013; Wilson & Arnott, 2013; Vermiglio, 2014; DeBonis, 
2015). 

In the current Delphi study, consensus is reached among panel members that APD should not be 
considered as a separate diagnosis. This result is consistent with Dawes and Bishop (2009), who 
suggested that it might be better ‘to consider auditory processing problems as one of several dimensions 
of impairment associated with a range of developmental conditions, rather than considering APD as a 
separate disorder’ (Dawes and Bishop, 2009, p. 460). Following the consensus reached in the current 
Delphi study, we suggest that the label APD should no longer be used by professionals. To describe the 
limitations that children experience while listening in daily life, the broader description ‘(unexplained) 
listening difficulties’ can be used. This term refers to the difficulties with listening observed by parents 
or teachers in children and with which they are forwarded for further diagnostics. As confirmed by our 
panel, the next step is that a multidisciplinary team should investigate where the experienced difficulties 
can be caused by. The explanation of the listening difficulties can be another underlying deficiency, such 
as general learning difficulties, developmental language disorders or attention difficulties instead of a 
defect in the auditory modality. If after examination of the complaints it appears that there is an auditory 
explanation for the existing listening difficulties, then it is recommended to describe the difficulties more 
specifically, for example by using the label ‘speech recognition-in-noise disorder’ proposed by Vermiglio 
(2014). 

The term “listening difficulties” should not be seen as a replacement for the APD label, but as a 
description of the target group of children who have problems, which are reported by caregivers or 
teacher, with functioning in (complex) listening situations, despite normal hearing thresholds, and which 
lead to limitations in participation in daily life (for example during classroom work), but which have not 
yet been examined or diagnosed. Having listening difficulties is then a signal for further diagnostics. 
The recent Position Statement and Practice Guidance APD of the BSA (2017) also proposes to properly 
describe the presenting listening problems instead of labelling a person with APD and to use the APD 
label only to secure support and funding.  

Consensus on clinical signs was reached on five characteristics. According to the respondents, these 
five characteristics may indicate the possible presence of problems with listening in noise. The presence 
of these five symptoms or some of these symptoms does not necessarily mean that there is by definition 
a deficit in auditory processing. After extensive diagnostics, another explanation can be found for the 
identified difficulties. The five characteristics on which consensus was reached, are consistent with a part 
of the symptoms mentioned by the participants of the focus group discussion (Neijenhuis et al., 2017) 
and symptoms frequently mentioned in the literature as characteristics of APD (e.g., Jerger & Musiek, 
2000; ASHA, 2005; AAA, 2010; Moore & Hunter, 2013; Chermak et al., 2017). In addition, these five 
characteristics match a few of the questions of the six listening conditions of the Children’s Auditory 
Processing Performance Scale (CHAPPS; Smoski et al., 1998) and the diagnostic criteria supposed by 
Keith (2000). In the Netherlands, the translated version of the CHAPPS (CHAPS-NL; Neijenhuis & Nijland, 
2005) and Keith’s translated checklist (Neijenhuis & Stollmann, 2003) are widely used instruments by SLTs 
in private practice and professionals of the Audiological Centers. This may have affected panel members’ 
response to this question, because respondents may have been influenced by the description of the 
symptoms of APD in the current literature and their own opinion about APD. Although, the characteristic 
‘no peripheral hearing loss’ is often used in APD descriptions, panel members did not mention this 
characteristic as a possible clinical sign. According to one of the panel members this characteristic is a 
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contraindication to problems in auditory processing. Some respondents emphasized that the five clinical 
signs do not legitimize an APD diagnosis. This result agrees with those obtained by Wilson and colleagues 
(2011), who concluded that the CHAPPS questionnaire should be used to highlight concerns about a 
child and is not suitable for determining whether auditory processing assessment must be done. We 
propose that the five clinical signs listed in this paper, can be used by clinicians as possible signals for the 
presence of listening difficulties in children and to perform further extensive diagnostic evaluation in this 
group of children.  

The panel members of the current Delphi study agreed that difficulties in auditory processing always 
co-occur with another disorder such as ADHD, dyslexia, or SLI. Also, the results of our recent systematic 
review (de Wit et al., 2018) suggest a large degree of overlap between the characteristics of children 
diagnosed with APD and children diagnosed with another developmental disorder. A possible explanation 
for this might be the idea of Moore and Hunter (2013) that auditory processing is part of a series of 
symptoms or patterns of dysfunction that can be seen, together with symptoms of dyslexia, SLI, and 
ADHD, as part of a broader ‘neurodevelopmental syndrome’ (McFarland & Cacace, 2014). This is also 
fitting with the agreement of the respondents in this Delphi study that problems in the correct processing 
of auditory information are caused by neurological or physiological factors. 

The Delphi panel agreed that children who have listening complaints should be referred for further 
diagnostics to a multidisciplinary team consisting of an SLT, behavioral scientist (psychologist or 
orthopedagogue), and audiologist. This result is consistent with recent studies which also indicate that 
multidisciplinary assessment is needed when a child has listening difficulties (e.g., Moore et al., 2013; 
DeBonis, 2015; Chermak et al., 2017; Neijenhuis et al., 2017). Multidisciplinary assessment is also 
recommended in the light of the co-occurrence between listening difficulties and other developmental 
disorders. 

Strengths and Limitations

The strength of a Delphi study is that it allows experts to participate individually and anonymously at 
diverse locations. Due to anonymity, a situation in which a specific expert dominates the consensus 
process is avoided (Jones & Hunter, 1995; Keeney et al., 2006; Hsu & Sandford, 2007; Boulkedid et al., 
2011; Lee et al., 2018). The result of a consensus study is, however, an expert opinion, which means that 
it is not necessarily the right response to a question (Jones & Hunter, 1995; Hsu & Sandford, 2007).  

A limitation of the current study is the small size of the expert panel. In the literature, there is no 
consensus about what constitutes an optimal number of participants in a Delphi study (Hsu & Sandford, 
2007; Boulkedid et al., 2011; Birko et al., 2015; Lee et al., 2018). Generally, the size of Delphi panels 
varies from 10 to 60 participants (Hasson et al., 2000), with a majority of studies with a group size 
between 15 and 20 panel members (Hsu & Sandford, 2007; Boulkedid et al., 2011). The number of 
experts joining a Delphi study should not to be too small, because they form representatives of a uniform 
shared opinion. However, there are minimal reliability improvements in Delphi panels with more than 
20 to 25 participants (Hasson et al., 2000). According to Delbecq, Van de Ven, and Gustafson (1975) 
it is advised to include ten to fifteen members in a Delphi study, and in which a homogeneous study 
group is preferred. For the Delphi panel of this study we selected SLTs and audiologists spread across the 
different regions of the Netherlands. The panel had experience based on the population they see in their 
clinical practice and based on their participation in a multi-day course and/or a national 1day conference. 
In future research, it would also be valuable to conduct a Delphi study with a more random sample 
of professionals, in which behavioral scientists (psychologist and/or orthopedagogue) and teachers or 
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parents are also invited to include their perspective as well in the development of tailored care pathways 
for children with listening difficulties.  

Implications 

In response to the consensus reached in this Delphi study on the value of the diagnostic label APD and 
the co-occurrence of APD, SLI, dyslexia and ADHD, we decided not to use the diagnostic label APD 
in the Dutch position statement (de Wit et al., 2017). Instead, we speak in clinical practice nowadays 
about ‘(unexplained) listening difficulties’ to refer to the group of children who have any problems with 
listening reported by caregivers or teacher. Using the International Classification of Functioning (ICF; 
WHO, 2002) framework and broad multidisciplinary testing, as explained in the focus group study of 
Neijenhuis et al. (2017), professionals can describe and evaluate the functioning and listening difficulties 
of the child in a broad and holistic manner. This way of working is in line with the proposed procedure of 
DeBonis (2015) and Dillon and colleagues (2012): ‘the overall goal of clinicians should be on determining 
whether a patient has a problem listening in difficult listening conditions and if so, discovering in as 
much detail as possible the reason for the problem’ (Dillon et al., 2012, p.104). The five characteristics 
that the respondents agreed on as clinical signs for listening difficulties can be used as a start to develop 
care pathways for children with unexplained listening difficulties. It is important to take into account 
that these clinical signs might be part of different profiles such as related disorders like SLI, dyslexia 
and ADHD. Because of the comorbidity, the consensus obtained in this Delphi study and on the basis 
of recent literature (e.g., Chermak et al., 2017; de Wit et al., 2016, 2018), the diagnostic evaluation of 
children with listening difficulties should always take place in a multidisciplinary team.

CONCLUSIONS
This study reports on the consensus among Dutch SLTs and audiologists regarding the possible etiology, 
diagnosis, characteristics, and referral of children with listening difficulties. There is consensus that APD 
should not be seen as a separate diagnosis, and that listening difficulties co-occur with dyslexia, ADHD, 
or SLI. Listening difficulties can be caused by neurological or physiological factors. Five characteristics 
could indicate the possible presence of difficulties in auditory processing: (1) difficulty hearing in noise, 
(2) auditory attention problems, (3) fewer problems hearing in quiet, (4) difficulties in noise localization, 
and (5) difficulties in remembering oral information. Diagnostic evaluation of children with listening 
difficulties must be done by a multidisciplinary team, including at least a SLT, audiologist, and behavioral 
scientist. 
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Appendix 1 - First round questionnaire.
Consensus study Children with listening difficulties 

Part 1. Background

1. What is your background? 0 audiologists
0 speech-language therapist
0 other

2. Do you work as a scientific researcher? 0 yes
0 no

3. Where are you currently working? 0 audiological Center
0 private practice
0 education
0 other

4. How many years of work experience do you have?

5. In which region do you work? 0 North (Groningen, Friesland, Drenthe)
0 East (Overijssel, Flevoland, Gelderland)
0 South (Noord-Brabant, Limburg)
0 West (Utrecht, Noord/Zuid Holland, Zeeland) 

6. How often, on an annual basis, you see a child with listening difficulties in daily practice? 

Part 2. Open-ended questions about two fictitious cases

Case Eveline
Eveline (7 years and 6 months) is in the second grade of elementary school. She is a weak reader and has just passed from the first 
grade to the second grade. She has difficulties in spelling and in dividing words into pieces. Additionally, Eveline seems to produce 
short simple sentences compared to her peers. The teacher is also worried about her hearing. When there is a lot of noise in the 
classroom, Eveline seems to have difficulties in to understand her classmates and the teacher. She asks often to repeat something. 
She has fewer problems hearing in quiet. Her mother recognizes this and indicates that Eveline has also difficulties in understanding 
her parents and brother. Eveline never wants to talk on the phone, because she cannot understand the other person. She is easily 
distracted. If there is a lot of background noise or if Eveline gets long and difficult tasks, she seems to withdrawal and ignores her 
environment. Eveline does hear other noises, such as the telephone or the front doorbell. As a baby, Eveline had difficulties with 
localizing noise. Additionally, Eveline responded not always to noise. In the Audiological Centre, they conducted an audiogram which 
indicated normal pure-tone thresholds. Also, in the Audiological Centre, it is noticed that Eveline is easily distracted, and that she 
needs more explanation for a task.

7. What do you think is the problem in case Eveline?

8. Which characteristics from the case description support this suspicion?

9. What additional information do you need to be able to make a diagnosis?

10. You indicated that Eveline might have….. (Q7) . What could be the cause of this?

11. In the case of Eveline, do you suspect comorbidity (the existence of two or 
more disorders simultaneously)?

0 no
0 yes, namely

12. Which characteristics from the case description support this suspicion of 
comorbidity?

13. To which disciplines would you like to refer Eveline for further diagnostic 
testing?

0 speech-language therapist
0 audiologist
0 psychologist
0 orthopedagogue
0 Linguist
0 other, namely

Case Eric
Eric (7 years and four months) is a busy guy. If he is playing, he seems to have difficulties to focus his attention to his toys. As a 
consequence, he frequently switches toys. If he is playing with his older sister, he forgets sometimes that he is playing with someone. 
Also, during the meals, he is easily distracted. He is frequently dreamy and seems to be in his own world. Then, it is difficult to reach 
him, he doesn’t hear that someone is talking to him. According to his mother, he does not listen very well. ‘If we give him a warning, 
he does not seem to hear it. He just won’t listen to us.’ Also, when he gets a task, he forgets to perform this task. Because there 
is doubt about his hearing, the Audiological Centre conducted an audiogram. The audiogram did not show any deviant pure-tone 
thresholds.

14. What do you think is the problem in case Eric?

15. Which characteristics from the case description support this suspicion?

16. What additional information do you need to be able to make a diagnosis?

17. You indicated that Eric might have….. (Q14) . What could be the cause of this?
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Consensus study Children with listening difficulties 

18. In the case of Eric, do you suspect comorbidity (the existence of two or more 
disorders simultaneously)?

0 no
0 yes, namely

19. Which characteristics from the case description support this suspicion of comorbidity?

20. To which disciplines would you like to refer Eveline for further diagnostic 
testing?

0 speech-language therapist
0 audiologist
0 psychologist
0 orthopedagogue
0 Linguist
0 other, namely

Part 3. In-depth questions about case Eric

21. Suppose Eric has difficulties in auditory processing, what might be the reason?

22. What information do you need in order to make a differential diagnosis?

23. Which may cause these difficulties in auditory processing? 

24. With which other disorders do you expect difficulties in auditory processing to be related?  

25. Do you expect that difficulties in auditory processing can lead to other 
difficulties?

0 no
0 yes, namely

26. this is the end of question round 1. If you have comments or questions you can place them here. 

This is the translated questionnaire. The original questionnaire was in Dutch.
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Appendix 2 - Second round questionnaire.
Consensus study Children with listening difficulties 

The answers given in Round 1 about possible causes of the difficulties in auditory processing are divided into five categories: 
(1) genetic causes; (2) neurological/physiological causes; (3) cognitive causes; (4) behavioural causes, and (5) cause is unknown.

1. Can you indicate in which category you think the cause of difficulties in 
auditory processing can be found? 

0 genetic causes
0 neurological/physiological causes
0 cognitive causes
0 behavioural causes
0 cause is unknown
0 I do not know

2. Statement: difficulties in auditory processing hinder academic skills. 0 agree
0 do not agree

3. In which areas do you suspect that a child with difficulties in auditory 
processing will develop problems? (Multiple answers possible)

0 reading
0 spelling
0 maths
0 remaining, namely

4. Statement: difficulties in auditory processing have consequences for a child’s 
social skills.

0 agree
0 do not agree

5. In Round 1 you answered questions about two fictitious cases. Below all the mentioned characteristics from Round 1 are 
represented. Please indicate for each characteristic whether it is a possible signal for difficulties in auditory processing. For each 
characteristic you can indicate whether a characteristic is:
- no signal: no signal for difficulties in auditory processing 
- signal: possible difficulties in auditory processing
- alarm signal: definitely a signal for difficulties in auditory processing.

1. Withdrawal
2. Weak listening skills
3. Difficulties in spelling
4. Difficulties in following complex directions
5. Difficulties in phoneme analyses and synthesis
6. Problems with reading
7. Production of short and simple sentences
8. Difficulties with making an phone call
9. Fewer problems hearing in quiet
10. Often ask for repetition
11. Auditory attention problems
12. Speech perception in noise problems
13. Difficulties in noise localisation
14. Difficulties in remembering oral information
15. No peripheral hearing loss
16. Easily distracted
17. Busy
18. Dreamy

No signal   –   Signal   –   Alarm signal

6. Do you have an additional characteristic which is missing from this list?

In the first round, 92% of the respondents (n=13) indicated that the difficulties in auditory processing in case Eveline co-occur with 
other problems, assuming comorbidity. 

7. Do you expect that difficulties in auditory processing co-occur with ADHD? 0 yes
0 no

8. What relationship do you expect? 0 APD is another name for ADHD
0 difficulties in auditory processing are part of 
ADHD
0 difficulties in auditory processing are a 
consequence of ADHD
0 difficulties in auditory processing cause ADHD
0 There is no relation, these disorders may 
accidently occur together.

9. Do you expect that difficulties in auditory processing co-occur with dyslexia? 0 yes
0 no
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10. What relationship do you expect? 0 APD is another name for dyslexia
0 difficulties in auditory processing are part of 
dyslexia
0 difficulties in auditory processing are 
consequences of dyslexia
0 difficulties in auditory processing cause 
dyslexia
0 There is no relation, these disorders may 
accidently occur together.

11. Do you expect that difficulties in auditory processing co-occur with SLI? 0 yes
0 no

12. What relationship do you expect? 0 APD is another name for SLI
0 difficulties in auditory processing are part of 
SLI
0 difficulties in auditory processing are 
consequences of SLI
0 difficulties in auditory processing cause SLI
0 There is no relation, these disorders may 
accidently occur together.

13. Are there other disorders/conditions that you suspect are associated with difficulties in auditory processing?

14. What relationship do you expect in the condition you mentioned in question 13?

15. Statement: Children with possible difficulties in auditory processing should be 
referred to a multidisciplinary team for further diagnostics. 

0 agree
0 do not agree

16. Which disciplines need to be part of a multidisciplinary team in the case of 
diagnostics?  

0 speech-language therapist
0 psychologist
0 audiologist
0 orthopedagogue
0 linguist
0 general practitioner
0 dyslexia specialist
0 other, namely

17. Which discipline should perform the diagnostic tests in children with the suspicion of difficulties in auditory processing?

18. Statement: children diagnosed with APD should be referred to a 
multidisciplinary team for treatment.

0 agree
0 do not agree

19. Which disciplines need to be part of a multidisciplinary team in the case of 
treatment?  

0 speech-language therapist
0 psychologist
0 audiologist
0 orthopedagogue
0 linguist
0 general practitioner
0 dyslexia specialist
0 other, namely

20. Which discipline should perform the treatment in children with a diagnosed APD? 

21. Statement: APD is an isolated clinical disorder. 0 agree
0 do not agree

22. this is the end of question round 1. If you have comments or questions you can place them here.

This is the translated questionnaire. The original questionnaire was in Dutch.
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SUMMARY
(Inter)nationally there is discussion about whether auditory processing disorders (APD) should be seen 
as a unique clinical diagnosis and what is the most appropriate diagnosis and referral of children in this 
target group. In this context, the Dutch Audiological Centers (AC) have different care pathways for 
children with so-called unexplained listening difficulties.

The purpose of the current document is to provide professionals with tools to identify, diagnose and 
treat children with listening difficulties. The Dutch Position Statement Children with Listening Difficulties 
has been developed based on current scientific evidence of listening difficulties and based on meetings 
held with professionals.  Professionals in the Dutch Audiological Centers have reached a consensus with 
the following 9 statements:

Definition: 

1. The target group ‘Children with listening difficulties’ is not a unique and demonstrable clinical 
entity.

2. The problems of children with listening difficulties are multimodal.
3. The symptoms of children with listening difficulties may also occur in children with other  

developmental disorders such as AD(H)D, DLD, dyslexia and learning disorders.

Detection and referral:  

4. After detection of listening difficulties, children can be referred to a multidisciplinary center. 

Diagnostics:

5. When diagnosing a child with listening difficulties, an audiologist, a speech language therapist and 
a behavioral scientist must be involved.

6. Listening difficulties are initially mapped using patient history (with client-centered focus) and, if 
available, a validated questionnaire.

7. In the case of children with listening difficulties, a speech-in-noise test is always carried out in 
addition to the pure tone and speech audiometry

8. The diagnostic procedure for listening difficulties starts from a broad perspective on development. 

Therapy:

9. For children with listening difficulties, intervention is focused on the client’s needs and focuses on 
action-oriented practice.

This document informs professionals in the Netherlands, who are working with children who are referred 
because of listening difficulties in the absence of hearing loss, about the current evidence available and 
about the consensus in the Netherlands.
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INTRODUCTION
Rationale 

There are children who seem to have difficulty in hearing and understanding despite having normal 
hearing thresholds. For them, listening is difficult in complex listening situations: where there is 
background noise, or when a speaker speaks very quickly and/or the sound quality is poor. There is not 
always a clear explanation for the listening difficulties. Such problems in hearing, understanding and 
listening are known among professionals and also in the (scientific) literature as auditory processing 
disorders (APD) or (central) auditory processing disorders ((C)APD).

(Inter)nationally there is discussion about whether APD should be seen as a unique clinical diagnosis. 
Also, under discussion is the most appropriate diagnosis and referral of children in this target group. In 
this context, the Dutch Audiological Centers (AC) deal with children with listening difficulties differently. 
For both professionals and (parents of) clients, these differences are not desirable. There is a need for 
an unambiguous and appropriate approach to this target group. In some countries, this need has been 
met by drawing up a consensus document, or a so-called Position Statement (American Academy of 
Audiology [AAA], 2010; American Speech-Language-Hearing Association [ASHA], 2005; British Society 
of Audiology [BSA], 2011, 2017). These documents have gathered the current state of science and 
practice and established consensus statements in the field of diagnostics and counselling in children with 
listening difficulties. In 2010, the Multidisciplinary Diagnostics Guideline appeared in the Netherlands 
for children with auditory processing difficulties (FENAC, 2010). However, the recommendations of 
this guideline have not been implemented in clinical practice. In the Netherlands, there is currently no 
consensus document or position statement available at national level. The Dutch Position Statement 
Children with Listening Difficulties can meet this need. 

Terminology: APD and Listening Difficulties 

In the Dutch Position Statement, we use the term "APD" when we refer to the literature, where the 
terms "APD" or "suspected APD" are usually used. As there is no evidence at present that APD can 
be seen as a separate clinical entity, and therefore not as a diagnosis, this document has chosen to use 
as much as possible the term “listening difficulties1“. This term refers to the target group of children 
who, in practice, have problems with functioning in (complex) listening situations, despite normal 
hearing thresholds. These are listening difficulties for which no clear explanation has been found and for 
which there are restrictions on participation in daily life (for example during classroom work). The term 
"listening difficulties" has been chosen to align with international developments which increasingly refer 
to “listening difficulties” instead of “auditory processing disorders”.

 
Aim of the Dutch Position Statement 

The current document provides professionals with the tools for identifying, diagnosing and treating 
children with listening difficulties. It aims to informs professionals in the Netherlands who are dealing 
with children (who are referred for hearing difficulties despite having good hearing) about the current 
evidence available, and about the joint position in the Netherlands. The ultimate goal is to establish a 
standardized method for detecting listening difficulties and for assessing children who are referred to an 
Audiological Centre. 

1 With listening difficulties, the unexplained listening difficulties are meant. For the readability, in this  document the term “listening 

difficulties” will be used instead of “unexplained listening difficulties”.
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Target Group  

The Dutch Position Statement Children with Listening Difficulties is intended for professionals working 
in the Dutch Audiological Centers and who are involved in detection, diagnosing and counselling/
supervising children who have listening difficulties, despite normal tone thresholds. In addition, the 
information contained in this document is informative for professionals from other workplaces related 
to the detection of children with listening difficulties (e.g., Otorhinolarynologists, teachers, speech 
therapists).

Development  

The Dutch Position Statement has been developed on the basis of current scientific evidence of listening 
difficulties and on the basis of meetings held with professionals of the Research Group Child, Language 
& Development at Hanze University of Groningen and the Research Centre Innovations in Care at 
Rotterdam University of applied sciences, in collaboration with the Foundation for Audiological Training 
(SAO) of the Federation of Dutch Audiological Centers (FENAC). In addition to the available scientific 
literature, the Dutch Position Statement uses the following sources:

• Focus group research on current experiences, knowledge and bottlenecks, held on the study 
day “Diagnostics of Auditory Processing Issues (APD)” of May 21, 2014 (Neijenhuis, de Wit, & 
Luinge, 2017);

• Systematic review of the definition and symptomatology of auditory processing disorders (de Wit 
et al., 2016);

• Systematic review on the co-morbidity of auditory processing disorders (de Wit et al., 2018);
• Delphi research on consensus of experts regarding difficulties in auditory processing (de Wit, 

Luinge & Neijenhuis);
• Survey data during a meeting with speech language platform (n = 12) and study day “Recent 

developments around APD” (n = 29) of June the 1st and 8th 2016.
 

The draft version of this document was presented to the Dutch ACs affiliated with the FENAC for their 
comments and feedback in January to March 2017. Fifteen AC’s provided feedback on the draft version 
of this document during the commentary round. After processing the comments, a final version was 
adopted by the working group and offered to FENAC on July 3, 2017. More information on the creation 
of this document can also be found on the website: www.Rotterdamuas.nl/dutchpositionstatement  

There is no international consensus on the definition, description, diagnosis and treatment. The reader 
must be aware of the controversy surrounding the subject. The Dutch Position Statement will therefore 
have to be reviewed regularly.

Members of the Dutch Position Statement Working Group Children with Listening difficulties:
• Ellen de Wit, MSc., PhD student Professorship Child, Language & Development, Research Group 

Healthy Ageing, Allied Health Care and Nursing, Hanze University Groningen
• Dr. Margreet Luinge, Professor Child, Language & Development, Research Group Healthy Ageing, 

Allied Health Care and Nursing, Hanze University Groningen; Department of Throat, Nose and 
Ophthalmology, University Medical Centre Groningen

• Dr. Karin Neijenhuis, Professor Care for Communication, Research Centre Innovations in Care, 
Rotterdam University of Applies Sciences.

During the development of this document, Dr Rob Drullman and Dr. Nic van Son were involved in the 
Federation of Dutch Audiological Centers (FENAC).
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Reading Guide 
The Dutch Position Statement begins with Part I - Dutch Position Statement Children with Listening 
difficulties. This chapter contains the statements on which consensus has been reached among Dutch 
Audiological Centers. These statements were based on the focus group research, the two systematic 
reviews, the Delphi research and finally, a survey among professionals, working in the audiological field. 
This survey was conducted during two FENAC meetings (meeting speech language platform (n = 12) and 
study day “Recent developments around APD” (n = 29) on June 1st and 8th 2016).

In Part II – Evidence Base and Background - the statements are further substantiated from the various 
studies that serve as a basis for the Dutch Position Statement.
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PART I DUTCH POSITION STATEMENT CHILDREN WITH LISTENING DIFFICULTIES
Definition

(1) The target group ‘Children with listening difficulties’ is not a unique and demonstrable clinical 
entity. 

The term “Auditory Processing Disorder” is no longer used as a diagnostic label. There is currently 
insufficient evidence to consider APD as a unique clinical disorder. The difficulties that children have 
with listening are instead called (unexplained) listening difficulties, and are described in terms of ICF 
(functions, activities, participation, environmental factors, personal factors). The target group “Children 
with listening difficulties” seen in the AC are children who experience constraints in the participation due 
to listening difficulties.

Despite the disapproval of the term "APD" as a diagnostic label, the term ‘listening difficulties’ has not 
been adopted in consensus. Nevertheless, the working group has used this term, aiming at problems in 
functioning in (complex) listening situations and restrictions on participation due to these problems.

(2) The problems of children with listening difficulties are multimodal.

Listening difficulties can be caused by both disturbed bottom-up processes (sensory processing auditory 
signal) and disturbed top-down processes (including cognition and language). Moreover, children 
with listening difficulties, usually have problems in other areas (for example: language, attention, 
concentration, reading). Because of this multimodal nature of listening difficulties, the client’s needs and 
action-oriented practice are of great importance for this target group.

 
(3) The symptoms of children with listening difficulties may also occur in children with  

developmental disorders such as AD(H)D, DLD, dyslexia, and learning disorders. 
 

The listening difficulties of children may be part of AD(H)D, developmental language disorders (DLD), 
dyslexia or other learning and developmental disorders. In the aforementioned developmental disorders, 
there is also a great deal of mutual overlap of symptoms.

Detection and Referral  

(4) After detection of listening difficulties, children can be referred to a multidisciplinary center.

In case of listening difficulties (problems with understanding speech, despite a good peripheral hearing 
and not explained by an already known disorder), children should always be referred to a multidisciplinary 
audiological center for diagnostics and counselling.



Listening difficulties in children  - Auditory processing and beyond

193

Diagnostics

(5) When diagnosing a child with listening difficulties, an audiologist, a speech language therapist  
and a behavioral scientist must be involved. 

The following disciplines are minimally involved in the diagnostic procedure for children with listening 
difficulties:

• Audiologist
•  Speech Language Therapist/Linguist/Speech Language Pathologist
•  Behavioral Scientist

(6) Listening difficulties are initially mapped using patient history (with client-centered focus) and,  
if available, a validated questionnaire. 

An action-oriented approach and a broad overview of the problems are important in the diagnostics 
of children with listening difficulties. As an initial step, an inventory of (medical) history and the client’s 
needs should be registered during an anamnesis (interview). 
If a child has listening difficulties, the problems present should be mapped using validated questionnaires 
(if available). According to Moore (2016) and DeBonis (2015), a questionnaire focusing on the executive 
functions and a questionnaire for mapping the communication skills must be administered. At the 
moment, no validated questionnaire is available for mapping the listening difficulties. In the absence of 
well-validated questionnaires, the teacher questionnaire CHAPPS-NL and SIFTER, and the questionnaire 
LIFE-NL for students, are available as an alternative. These questionnaires can map the listening skills of a 
child (Neijenhuis & van Herel-de Frel, 2010).

(7) In the case of children with listening difficulties, a speech-in-noise test is always carried out in 
addition to the pure tone and speech audiometry. 

The diagnostic procedure always starts with a standard hearing assessment (audiometry). An overview of 
the available speech-in-noise tests, which can be used in children, can be found in the article by Hammer, 
Coene and Govaerts (2013) and Drullman (2015). The speech-in-noise testing is a challenge to measure 
speech recognition and not language ability (Drullman, 2015). The Digits-In-Noise (DIN) test appears 
to be the most suitable in the Netherlands for use in children with suspicion of listening difficulties as 
a speech-in-noise test. According to the BSA (2017), however, all speech perception tests involve the 
influence of language, attention and work memory.
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(8) The diagnostic procedure for listening difficulties starts from a broad perspective on  
development. 

In addition to the anamneses, the questionnaire(s), and the hearing examination, the following tests are 
carried out in the diagnostic examination of children with listening difficulties:

• Intelligence test, including standardized tests of attention and memory
•  Speech and language assessment

There is no consensus about the use of the Dutch auditory processing (AP) tests. The AP test batteries 
currently nationally and internationally available, are insufficiently valid and seem to mainly measure 
language and auditory attention (BSA, 2017). On the basis of information about current available tests, 
combined with own expertise, client’s needs and capabilities of the organization, the professional will 
make a well-informed choice on a case by case basis.

Therapy

 
(9) For children with listening difficulties, intervention2 is focused on the client’s needs and focuses  

on action-oriented practice.

The intervention is tailored to the individual client and his or her daily functioning in all ICF domains 
(functions, activities, participation, environmental factors and personal factors). In children with listening 
difficulties, the intervention focuses on environmental adjustments and compensation possibilities.

2 Intervention may be a diagnostic intervention, a therapeutic intervention, postponing treatment, or giving advice (Wouters, van Zaalen 

& Bruijning, 2015).
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PART II EVIDENCE BASE AND BACKGROUND
Dutch Position Statement Children with Listening Difficulties

Definition

1. The target group ‘Children with listening difficulties’ is not a unique and demonstrable clinical entity.  

From the literature, no evidence has been found that APD can be seen as a separate clinical entity (de 
Wit et al., 2016, 2017). According to Cacace & McFarland (2009, 2013), the term "APD" should only 
be used if modality specificity can be demonstrated and that misdiagnosis can be prevented. Without the 
modality specificity, the concept of APD has little power and meaning (McFarland & Cacace, 2009). To 
date, no study is known in which modality specificity has been demonstrated.

As there is still a lot of discussion about the definition and diagnosis of APD, Bamiou (2009) believes 
it is better not to talk about an auditory processing disorder but instead use ‘a disturbed auditory 
processing’. Kamhi (2011) and DeBonis (2015) also suggest that it may be better not to see APD as a 
separate clinical entity, but as a processing defect that may occur due to various developmental disorders 
such as Specific Language Impairment (SLI), dyslexia, and AD(H)D. The Dutch professionals who 
participated in the Delphi study (de Wit, Luinge, & Neijenhuis) also reached consensus that APD cannot 
be seen as a separate disorder. They assume that listening difficulties are seen as part of dyslexia, AD(H)
D, developmental language disorders (DLD), autism spectrum disorders (ASS), or other learning and 
developmental disorders.

All test results of children who, have difficulty listening, despite a normal threshold, should be analyzed 
and discussed multidisciplinary. Professionals should use a holistic approach. Instead of labeling a person 
with APD, it is desirable to thoroughly describe the listening difficulties involved and to use an action-
oriented approach (Beck, Clarke, & Moore, 2016; BSA, 2017).

One possibility of mapping the clinical problem and representation of the problem in daily life is with 
the commonly used ICF model, see Figure 1 (International Classification of Functioning, Disability and 
Health of the World Health Organization [WHO], 2001; Dutch translation appeared in 2002). The ICF 
provides a scientific basis and common language to describe the functioning of people and the possible 
problems that limit people in the functioning (RIVM, n.d.). In 2006, an ICF developed specifically for 
children and adolescents up to 18 years, the ICF-CY (International Classification of Functioning, Disability 
and Health for Children and Youth, WHO, 2007). From the three different perspectives (anatomical 
properties of the body, activity and participation), the ICF-CY model can describe functioning and all 
what relates to it. In addition, ICF-CY also contains a classification of external factors, such as the direct 
and broader living environment of the child (RIVM, n.d.).
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Figure 1. Model of functioning and disability illustrating the interactions of different health aspects 
according to the International Classification of Functioning, Disability and Health (ICF) (World Health 
Organization, 2002b, p. 9).

The ICF model appears to be a suitable model to map the functioning of children with listening 
difficulties (Baas, 2011). The child’s listening difficulties can be described in the ICF domain ‘Activities and 
Participation’. Auditory processing problems fit better to the ICF domain ‘Functioning’ in this context. An 
extensive explanation can be found in the article by Neijenhuis, Dekelver & van Herel-de Frel (2016).

 
2. The problems of children with listening difficulties are multimodal. 

To date, there is no unique symptom that can solely be attributed to problems in auditory processing. 
According to Moore et al. (2012), the most common reason for referral of children with APD, is listening 
difficulties associated with a wide range of symptoms such as difficulties of understanding speech 
in a noisy environment, unable to follow conversations, speech problems, hearing in classroom and 
inattention. A systematic review (de Wit et al., 2016) showed that the problems of children who were 
referred because of listening difficulties are not specific to the auditory modality. Various studies reveal 
that children with listening difficulties have difficulty with auditory, visual, cognitive, oral and written 
language tasks. Several processes play a role in listening. Problems with language processing are not 
always explained by an underlying problem. It has become clear that cognition, language and attention 
are interwoven and integrated with auditory perception (Beck, Clarke, & Moore, 2016). Figure 2 shows 
the characteristics of the child with listening difficulties.
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Figure 2. Characteristics of a child with listening diffi culties. Children with listening diffi culties perform 
compared to typically developing children weaker in multiple domains (de Wit et al., 2016).

One of the most reported features in the literature is having speech recognition problems in the 
presence of background noise (Jerger & Muziek, 2000; ASHA, 2005). According to the respondents who 
participated in the Delphi study (de Wit, Luinge, & Neijenhuis), the following symptoms are characteristic 
in children with listening diffi culties:

• Diffi culty hearing in noise, 
• Auditory attention problems, 
• Better understanding in one on one situations, 
• Diffi culties in noise localisation, and 
• Diffi culties in remembering oral information.

These features do not say anything about the possible cause of listening diffi culties. All mentioned 
symptoms also occur in other developmental disorders, such as developmental language disorder (DLD), 
Dyslexia, AD(H)D, and ASS. As can be seen in Figure 2, the characteristics of children with listening 
diffi culties are diverse and these children perform in several areas weaker compared to normally 
developing children. The current available evidence suggests that the problems of these children are 
related to language skills and cognitive processing beyond the traditional auditory system (Beck, Clarke, 
& Moore, 2016; BSA, 2017).
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3. The symptoms of children with listening difficulties may also occur in children with other 

developmental disorders such as AD(H)D, DLD, dyslexia and learning disorders.

Recent research shows that difficulties in auditory processing usually coincide with language, reading, 
attention and/or cognitive problems (Bishop & Dawes, 2009; Dawes & Bishop, 2010; Moore, 2010; 
Ferguson et al., 2011; Kahmi, 2011; de Wit et al., 2018). The high degree of comorbidity of problems 
in auditory processing with other disorders, such as DLD, dyslexia and autism spectrum disorders, is 
recognized internationally (BSA, 2017).

For listening to auditory stimuli, not only hearing and processing of the auditory stimulus are necessary 
as skills, but before hearing and processing, attention must be paid to the auditory stimuli. In addition, 
one must remember, analyze, and understand speech sounds (Moore, 2013). According to Bellis (2003) 
even the simplest auditory signals are influenced by higher cognitive factors, such as memory, attention, 
and learning.

The systematic review about the overlap between children with APD and children diagnosed with 
another developmental disorder showed that children with listening difficulties perform the same on 
many tests as children diagnosed with DLD, dyslexia, or ADHD. There are no differences with cognitive 
and language tasks between children with listening difficulties and children with a different diagnosis. 
Children with DLD also score the same as children with APD on reading tasks. Only minor differences 
have been found between children with listening difficulties and children diagnosed with another 
disorder. Children with listening difficulties score weaker in comparison with children with ADHD on 
auditory and visual pattern recognition tests. Compared to children with learning problems, children with 
listening difficulties have more difficulty with directional hearing. However, it should be noted that there 
are only a small number of studies included with in most cases, small research groups (see Figure 3). The 
parents of children with listening difficulties assess the children’s listening skills as weaker than the parents 
of children with a DLD or dyslexia (measured with the CHAPPS questionnaire). The question is, how 
reliable is this result. Information about the validity and reliability of CHAPPS (Smoski, Brunt, & Tannahill, 
1998) is missing. In addition, the CHAPPS is completed by parents, but were originally designed to be 
completed by the child’s teacher (Smoski, Brunt, & Tannahill, 1992). The teacher answers the questions 
by comparing the listening skills of the individual child with the listening skills of other children of the 
same age group and background. The similarities and differences between children with the various 
disorders are visually shown in Figure 3.

The Delphi study and the focus group study show the same picture. In the Delphi study, a majority 
of experts (> 80%) indicate that listening difficulties usually coincide with ADHD, ADD, dyslexia, or 
language disorders. Some believe that listening difficulties are also part of a disturbance in the autistic 
spectrum. The professionals agree that problems in auditory processing usually coincide with language, 
reading, attention, and cognitive problems and that listening difficulties should be seen as part of a 
broader developmental problem.
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Figure 3. Overlap and difference between children with listening diffi culties and children with another 
developmental disorder (SLI, dyslexia, ADHD and learning problems); de Wit et al., 2018.
The performance of children diagnosed with APD on various tests is compared with the performance of children diagnosed with 

another developmental disorder. The area of the circles is equal to the number of subjects included in the studies (n). The bold and 

outlined numbers shows the overlap (no signifi cant differences) on the outcome of the used measurement instruments. Italic numbers 

illustrate the signifi cant differences between children diagnosed with APD and children diagnosed with other disorders. The encircled 

italic numbers show the number of measurement instruments (test and subtest level) whereupon children diagnosed with APD perform 

signifi cant poorer in comparison with children diagnosed with other developmental disorders. 

ADHD: attention defi cit hyperactivity disorder; APD: auditory processing disorder; CHAPPS: Children’s Auditory Processing Performance 

Scale (Smoski et al., 1998); DPT: Duration Pattern test; LD: learning disorder, LiSN-S: Listening in Spatialized Noise Test-sentences 

(Cameron & Dillon, 2007, 2008); SLI: specifi c language impairment; SRT: speech reception threshold.

APD vs. LD
N= 1 study

n= 9 children diagnosed with APD
n= 11 children diagnosed with LD

Weaker listening skills
(APD vs SLI: CHAPPS total score en noise, multiple input and          

attention subscales; APD vs dyslexia: CHAPPS total score)

APD vs. SLI
N= 5 studies
n= 116 children diagnosed with APD
n= 119 children diagnosed with SLI

58

4

6
APD vs. Dyslexia

N= 2 studies
n= 47 children diagnosed with APD

n= 38 children diagnosed with dyslexia

21

1

1

2
3

4
2

Auditory and visual temporal 
ordering difficulties

(auditory and visual DPT)

Spatial processing deficit
(LiSN-S: High-Cue SRT, Spatial       
advantage en Total advantage)

APD vs. ADHD
N= 1 study
n= 7 children diagnosed with APD
n= 10 children diagnosed with ADHD



Part 2 / Chapter 8 / Dutch Position Statement Children with Listening Difficulties

200

Detection and Referral 

4. After detection of listening difficulties, children can be referred to a multidisciplinary center.

Professionals who participated in the focus group study (Neijenhuis, de Wit, & Luinge, 2017) agreed on 
the multidisciplinary approach of children with complaints regarding listening. The high degree of 
coherence of listening difficulties with language, attention, memory and executive problems in both 
children and adults underlines the importance of a multidisciplinary approach (BSA, 2017). In case of 
listening difficulties, a referral to a multidisciplinary audiological center is necessary.

There may be listening difficulties if a child has one or more of the following symptoms:
• Problems in understanding speech in noise;
• Better understanding in one on one situations;
• Auditory attention problems;
• Localization problems;
• Difficulties in perception and remembering oral information.

It is good to realize that the above symptoms are not symptoms of APD, but according to the 
professionals who participated in the Delphi study, the children with listening difficulties often show the 
above symptoms, irrespective of possible associated problems.

Diagnostics

5. When diagnosing a child with listening difficulties, an audiologist, a speech language therapist and 

a behavioral scientist must be involved.

The current evidence indicates that problems in auditory processing are mainly due to language or other 
cognitive processes beyond the traditional auditory system. This underlines the importance of a 
multidisciplinary approach (BSA, 2017).

More than 90% of Delphi’s experts report that research involving children with listening difficulties 
needs to be conducted by a multidisciplinary team. In any case, an audiologist, a speech language 
therapist and a behavioral scientist (psychologist/orthopedagogist) should be part of a multidisciplinary 
team. In addition, the following disciplines could be added to the team: clinical linguist, a speech 
language pathologist, or social worker.

6. Listening difficulties are initially mapped using patient history (with client-centered focus) and, if 

available, a validated questionnaire.

All experts who participated in the focus group study agreed on the starting point of the diagnostic 
procedure: intake/history and audiometry. An action-oriented approach and the broad mapping of the 
problems are important. As an initial step, an inventory of (medical) history and the help question should 
be mapped during an anamnesis (interview). 

If a child has listening difficulties, the problems present should be mapped using validated  
questionnaires (if available). In addition, missing information should be requested. Understanding the 
difficulties that exist and its impact on education, social interactions and other achievements must be 
central in diagnostics (BSA, 2017). If hearing problems have been identified, professionals can map 
the listening difficulties of the children at the beginning of the diagnostic procedure using a validated 
questionnaire, if available. The questionnaire should provide insight into the listening situations and the 
problems experienced. It is up to the multidisciplinary team to decide, partly based on the questionnaire, 
which tests should be administered and what care pathway is the best for the child.
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In addition, the ASHA (2005) and the AAA (2010) stated that mapping problems that the child 
experiences and disease history is a first step before further diagnostics should take place. This 
information should be obtained through the anamnesis, observations and questionnaires for parents or 
for example teachers. Since it is usually not clear what the precise cause of the listening difficulties is, it is 
important to focus on the clinical representation of the problems; daily listening behavior is then mapped 
using an observation or validated questionnaire (BSA, 2011; Moore et al., 2013; Moore, 2016). At the 
moment, no validated questionnaire is available for mapping the listening difficulties. According to Moore 
(2016) and DeBonis (2015), a questionnaire focusing on the executive functions and a questionnaire 
for mapping the communication skills should at least be used. Validated questionnaires are available for 
the screening language and attention abilities (for example, CCC-2-NL, BRIEF, CBCL). There are Dutch 
questionnaires available that can be filled in by children themselves, their parents or their teacher to map 
listening difficulties (see Table 1). These questionnaires often provide useful information but are not well-
standardized and/or validated (BSA, 2017). They are not suitable for diagnostics (Wilson et al., 2011).

Table 1. Dutch questionnaires available for mapping listening difficulties. 

Name of Questionnaire Original version Reference Filled in by:
Standardization 
available

Clinical 
research

Vragenlijst voor 
luistervaardigheden van 
kinderen (CHAPPS-NL)

Children’s 
Auditory processing
Performance 
Checklist (CHAPPS)

Smoski et al., 1998; Neijenhuis 
& Nijland, 2005; manual and 
questionnaire available 
through https://www.
ned-ver-audiologie.nl/down-
loads-en-publicaties/ 

Teacher no n=64 (Smoski 
et al., 1992)

Checklist voor kinderen 
met auditieve 
verwerkingsproblemen 
(naar Keith, 2000)

checklist for 
auditory processing 
disorders in children

Keith, 2000; Neijenhuis & 
Stollman, 2003; available 
through: https://www.
phonakpro.com/content/dam/
phonak/gc_nl/FM/check-
list%20AVP.pdf

Teacher/ 
parent/ 
professional

no Limited, n=63 
(Neijenhuis & 
van Herel-de 
Frel, 2010)

Vragenlijsten naar effect 
van geluidsapparatuur 
(LIFE-NL)

Listening 
Inventories For 
Education (LIFE)

Anderson & Smaldino, 1998. 
See also http://successfork-
idswithhearingloss.com/tests. 
Neijenhuis & Nijland, 2005; 
manual available through 
http://www.simea.nl/vereni-
ging/materialensite/handle-
iding-life-nl.pdf. Adapted 
version: www.kentalissoloap-
paratuur.nl

Student 
(student 
version), 
teacher 

no Limited, n=7 
(Neijenhuis, 
2009)

Schoolvragenlijst voor 
kinderen met (mogelijke) 
gehoorproblemen

Screening 
Identification For 
Targeting 
Educational Risk 
(SIFTER).

Anderson, 1989. Neijenhuis 
& Wiltingh, 2002. Avail-
able through http://www.
kentalissoloapparatuur.nl/file/
tgthplx2f-f--/SIFTER.pdf 

Teacher Yes Yes, n=530 
controls vs. 50 
children with 
HL (Anderson, 
1989)

There is an urgent need for validated and standardized questionnaires for mapping listening difficulties 
in children under 6 years, teenagers and adults (BSA, 2017). In 2015, a new questionnaire was developed 
by Barry et al. (the Evaluation of Children’s Listening and Processing Skills (ECLiPS)). This questionnaire 
is to be completed by parents and consists of 38 statements with a 5-point scale. The ECLiPS has 
been validated in 49 children with suspected auditory processing problems, and unlike many other 
questionnaires, the psychometric features are known in this list and the comprehensibility for parents 
is sufficient. Further research is required to determine which role the questionnaire can have in the 
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diagnostic procedure. At the Catholic University of Leuven, a translation of the ECLiPS has been made 
in French and Dutch, and a standardization study is ongoing (Van Wieringen, personal information, June 
2017).

7. In the case of children with listening difficulties, a speech-in-noise test is always carried out in 

addition to the pure tone and speech audiometry.

The diagnostic examination of children with complaints in the field of listening always starts with 
a standard hearing examination (audiometry). According to Moore (2016) and DeBonis (2015), in 
addition to the use of questionnaires (at least one aimed at executive functions and one for mapping 
the communication skills), two speech-in-noise tests should be added to the diagnostic procedure. 
In countries outside the Netherlands, the Words-in-Noise Test (WIN) and the Bamford-Kowal-Bench 
Speech in Noise Test (BKB sentences) are available. In speech-in-class testing, the challenge is to measure 
only speech perception and not language proficiency (Drullman, 2015). According to the BSA (2017), 
however, all speech perception tests involve the influence of language, attention and work memory.

In the Netherlands, the Plomp test (Plomp & Mimpen, 1979) can be used for example. The Plomp test 
is considered as “gold standard” for measuring speech in speech in adults or older children (Drullman, 
2015). The Plomp test uses short sentences offered against a background of stationary noise. This Plomp 
test consists of lingual stimuli and language and cognitive processes play a role in the administration of 
the Plomp test. The Digits-In-Noise (DIN) test (Smits et al., 2013, 2016; Kaandorp et al., 2015) can be 
used in children from 4.0 years for whom the Plomp test is too difficult. Standard age data is available for 
each age group (Drullman, 2015). Using numbers (0 through 9) offered in background noise minimizes 
the involvement of language abilities and/or auditory memory. 

Research (Kaandorp et al., 2015) has shown that the DIN test is a reliable and valid test for measuring 
the intelligibility of speech in hearing aid and cochlear implant users with high hearing loss. The reliability 
and validity of the DIN test is not (yet) investigated. In practice, the DIN test seems to be a good test for 
use in the Netherlands as a speech-in-noise test. An overview of all available Dutch speech-in-noise tests 
for children, can be found in the article by Hammer, Coene and Govaerts (2013) and Drullman (2015).

 
8. The diagnostic procedure for listening difficulties starts from a broad perspective on development.

In addition to the anamneses, the questionnaire(s), and the hearing examination, the following tests are 
carried out at least in the diagnostic examination of children with listening difficulties:

• Intelligence test, including standardized tests of attention and memory
• Speech and language assessment

Further examination can follow different pathways. The variation in further care pathways for children 
with listening difficulties are: either or not using auditory processing tests, the extent of the auditory test 
battery (speech-in-noise only or more) and the starting point in diagnostics: first narrow or first wide. A 
wish to customize or tailor the approach is often mentioned.

There is no consensus on the use of the Dutch auditory processing (AP) tests. The validity of AP-test 
batteries currently available nationally and internationally has not been proven sufficiently. Most AP- tests 
seem to measure language and auditory attention (BSA, 2017). Current AP-test batteries cannot be used 
for diagnosis and should not be used for this purpose. There is no scientific evidence to justify the choice 
for AP-tests (de Wit et al., 2018). However, audiological center is free to use sub-tests of the AP-test 
battery to obtain additional information. In practice, the administration of a test may be justified on the 
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basis of experience and expertise or from the specific help question. On the basis of information about 
current available tests, combined with own expertise, client’s wishes and capabilities of the organization, 
the professional will make a well-informed choice per case. More information on current test batteries 
can be found in the article by Neijenhuis & van Herel-de Frel from 2010 and in the Dutch Learning Book 
Audiology (Neijenhuis, 2014).

For the Dutch Position Statement, a flow chart for the diagnostic study has been made (Figure 4).

Therapy

9. In children with listening difficulties, intervention3 is focused on the client’s needs and focuses on 

action-oriented practice. 

The Delphi-study (de Wit et al.) showed that the experts had different opinions about the intervention 
to be conducted in children with listening difficulties. Some experts think it does not make sense to start 
treatment if there are only listening difficulties. However, targeted advice should be given to parents and 
teachers. The advice should be directed towards the utilization of the child’s capacities, so that other 
difficulties can be compensated.

According to Moore (2016), there are only a few interventions that currently provide some scientific 
support. These include environmental and behavioral adjustments, such as improving acoustics in the 
classroom, the listener’s location relative to the speaker, and the use of an external microphone. There 
is no clarity in the literature regarding the meaning and effectiveness of auditory training. A systematic 
review was published in 2011 evaluating the effectiveness of interventions for schoolchildren with 
APD (Fey et al., 2011). In this systematic review, no convincing evidence has been found that auditory 
interventions have an effect.

Existing auditory interventions do not affect the auditory, language and academic skills of children 
diagnosed with APD or language impairment. Loo and colleagues (2016) have recently investigated 
the effect of auditory training on the listening skills of children with an APD diagnosis. They found an 
improved test performance of children with APD, who had followed a 12-week intensive speech-based 
auditory training, on a speech-in-noise test. A similar result was found in the study by Cameron and 
Dillon (2011). The question is whether the improved test performance also has an effect on the daily 
functioning and listening. A comprehensive systematic review (Simons et al., 2016) proves that practicing 
a particular cognitive task will improve performance on that task and closely related tasks. However, the 
current available evidence does not prove that such training is also generalizable to other tasks or the 
daily functioning.

3 Intervention may be a diagnostic intervention, a therapeutic intervention, postponing treatment, or giving advice (Wouters, van Zaalen 

& Bruijning, 2015).
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Figure 4. Diagnostic flowchart for children with listening difficulties.
This flow chart has been developed based on the literature (BSA, 2017; Moore, 2016; DeBonis, 2015); existing documents of Dutch 

audiological centers (Royal Auris Group, 2016; Pento, 2016) and research among the Dutch professionals of Audiological Centers.  

1 The multidisciplinary consultation is variable in terms of composition, timing and content. It depends on the diagnostic procedure of 

each center where in the process this occurs. 

2 Everyone is free to use sub-tests of the AP test battery to obtain additional information. However, there is no scientific evidence to 

justify the choice for AP-tests.
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GENERAL DISCUSSION
Since the introduction of the term "auditory processing disorder (APD)" in the seventies of the last 
century, the status of the concept of APD is controversial and till today a widely discussed subject in 
various opinion papers and letters to editors (e.g., Jerger, 1998; Jerger & Musiek, 2000; Katz et al., 2002; 
McFarland & Cacace, 2006; Cacace & McFarland, 2009; Jerger, 2009; Moore, Rosen, Bamiou, Campbell 
& Sirimanna, 2013; Wilson, 2018; Moore, 2018; Keith, Keith & Purdy, 2018; Iliadou et al., 2018). The 
controversy and discussions do not concern the acquired APD, i.e. deficits originating in the central 
auditory system caused by brain lesion, noise exposure or ototoxicity, or the secondary APD, i.e. cases 
where APD occurs as a result of transient or permanent peripheral hearing impairment, but concentrates 
on the developmental APD, i.e. children with normal audiometric hearing and no other known etiology 
(BSA, 2011; 2018; Moore, 2018). 

Already in 1954, Helmer Myklebust observed children in his practice who could hear well, but what 
they heard was apparently not enough for a good language development (Jerger, 2009). Myklebust gave 
the following description of the problems of these children:

“One of their fundamental difficulties is that they cannot listen; therefore, they cannot direct their 
attention selectively to an expected sound. To them the auditory environment does not consist of many 
individual sounds to be used as the immediate situation demands. Their auditory world is conglomerate; 
all sounds having equal importance and all being foreground sounds simultaneously” (Myklebust, 1954, 
pp. 256-257).

Myklebust emphasized that hearing cannot be evaluated as something that is separated from other 
capacities, such as attention, memory, and language. He introduced the term "auditory disorder" to 
describe the problems that included not only peripheral hearing sensitivity loss, but also the consequences 
of problems at higher levels in the hearing system, especially as they affected language development 
(Jerger, 2009). According to Myklebust (1954, p. 4): “Auditory disorders include any incapacities relating 
to the reception or interpretation of sound, whether they be physical or psychological”. This description 
seems to have been the cradle of diagnosing APD.

However, for today’s clinicians and researchers the main discussion point is that it is not clear to what 
extent APD must be regarded as an auditory-modality-specific disorder and whether APD can be 
considered as a single diagnostic characteristic of the auditory system. Second, it is not clear to what 
extent confounding supramodal, cognitive deficits play a role in children who experience listening 
difficulties and, third, which criteria should be used to define and diagnose these problems. The different 
disciplines, involved in the care for children who experience problems with listening in daily life, have 
various perspectives regarding the theoretical conceptualization of APD and how the problems of this 
group of children should be diagnosed and treated in the clinic (Jerger, 1998; Weihing, Bellis, Chermak & 
Musiek, 2013; Magimairaj & Nagaraj, 2018).

The present thesis was carried out to investigate which behavioral characteristics are associated with 
listening difficulties and APD, to examine the relationship between APD and other neurodevelopmental 
disorders and the role of top-down cognitive processes in children with listening difficulties. Part II 
of this thesis was carried out to achieve, in collaboration with Dutch speech-language therapists and 
audiologists, a uniform and useful definition and working method for the Netherlands, and to combine 
the knowledge and experience of Dutch speech-language therapists, and audiologists in the field of 
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signaling, diagnostics and treatment of children with reported listening difficulties. To accomplish these 
aims, the following research questions were addressed in this thesis: 

1. Which characteristics are associated with (suspected) APD in children?  
(Chapter 2 and 3)

2. Which characteristics of children with (suspected) APD overlap with the characteristics of children 
diagnosed with another neurodevelopmental disorder, such as specific language impairment (SLI), 
dyslexia, attention deficit hyperactivity disorder (ADHD), and autism spectrum disorder (ASD)?  
(Chapter 4)

3.  Are listening difficulties in children aged 8 to 12 related to auditory and/or visual attention skills?  
(Chapter 5)

4.  What is a useful definition and working method for Dutch professionals who work with children 
with listening difficulties in clinical practice and how and by whom should listening difficulties in 
children be identified, examined and treated?  
(Chapter 6, 7 and 8)

Below, I will summarize the results of the chapters and discuss the added value of the results to the 
international discussion on APD. Additionally, I will address the answers that I found regarding the main 
question of this thesis:

• What are the characteristics of children with listening difficulties (LiD) and is an auditory  
processing disorder (APD) a distinct clinical and identifiable disorder that explains the listening 
difficulties? 

Characteristics of children with listening difficulties

The overall results of this thesis showed that the complaints of children with listening difficulties in daily 
life must be taken seriously. In chapter 2 of this thesis, we described a systematic review in which studies 
were included comparing the performance on different questionnaires and tests of children experiencing 
listening problems (suspected APD or diagnosed APD) with that of their typically developing peers. We 
found significant differences between children with (suspected) APD and typically developing children, 
indicating that the often-reported complaints of children regarding listening in daily life are confirmed via 
systematic analysis. 

We conducted this systematic review because, until now, it was not clear what the evidence for APD 
and the associated symptoms was. APD was so far defined by criteria and descriptions based on personal 
opinions and observations without a solid evidence-based basis. APD is included in the International 
Statistical Classification of Diseases and Related Health Problems (ICD-10; World Health Organization, 
2016) and is described herein as “a disorder characterized by impairment of the auditory processing, 
resulting in deficiencies in the recognition and interpretation of sounds by the brain, caused by brain 
maturation delays and brain traumas or tumors” (ICD-10-CM code H93.25). However, based on 
this ICD-10 description of APD, it is still difficult to diagnose children with APD, because distinctive 
characteristics of developmental APD are not included this description. The diagnosis of APD is currently 
achieved by using a variety of criteria as the presence of a minimal set of symptoms and the use of non-
valid test batteries. Therefore, it is probably not recognized as a disorder in the Diagnostic and Statistical 
Manual of Mental Disorders, fifth edition (DSM-5), the standard work for the classification of mental 
disorders of the American Psychiatric Association (APA, 2013). 
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Various criteria for APD have been developed by various researchers and working groups (e.g., Jerger 
& Musiek, 2000; American Speech-Language-Hearing Association [ASHA], 2005; American Academy of 
Audiology [AAA], 2010). For example, the following broad set of symptoms for APD described by the 
American Academy of Audiology (AAA, 2010) are used in daily practice: “difficulty understanding speech 
in the presence of competing background noise or in reverberant acoustic environments; problems with 
the ability to localize the source of a signal; difficulty hearing on the phone; difficulty following rapid 
speech; inconsistent or inappropriate responses to requests for information; difficulty following  
directions; frequent requests for repetition and/or rephrasing of information; difficulty or inability to 
detect the subtle changes in prosody that underlie humor and sarcasm; difficulty learning a foreign 
language or novel speech materials, especially technical language; difficulty maintaining attention; a 
tendency to be easily distracted; poor singing, musical ability, and/or appreciation of music; academic 
difficulties, including reading, spelling, and/or learning problems” (AAA, 2010, p. 9). APD is used as a 
diagnosis to summarize these behaviors, but the question is whether the listening difficulties and  
associated behaviors can be explained by auditory pathology and whether the label APD is the correct 
label for classifying listening difficulties in children. Strikingly, many of these behaviors also occur in 
children with other neurodevelopmental disorders, like attention-deficit/hyperactivity disorder (ADHD), 
specific language impairment (SLI) / developmental language disorder (DLD), dyslexia, and autism 
spectrum disorder (ASD). Therefore, compliance with a number of behavioral criteria as described above 
is not sufficient for diagnosing APD and to separate APD from other neurodevelopmental diagnoses.

In our systematic review, we investigated the characteristics of children with listening complaints by  
using evidence from well-conducted scientific empirical research. We wanted to find out whether APD 
must be regarded as a deficit specific to the auditory modality or as a multimodal deficit. The results of 
our systematic review showed that several characteristics are significantly associated with children who 
were referred for an APD assessment. However, the problems of the children with (suspected) APD 
were not specific to the auditory modality and the children perform weaker in several areas compared 
to typically developing children. Various studies revealed that children with listening difficulties have also 
difficulties with auditory, visual, cognitive, oral and written language tasks. Our systematic review showed 
that children with listening difficulties compared to typically developing children have:

• Poorer performance on all Auditory pattern tests (Frequency Pattern Test or Duration Pattern Test) 
and diminished performance in conditions in which the masker and target were spatially  
separated;

• Lower scores for visual measurements;
• More listening difficulties and poorer listening skills;
• Poorer communication abilities and lower scores on tests for language (grammar, phonology, and 

vocabulary) and reading;
• Poorer nonverbal intelligence and poorer memory and attention skills;
• Greater psychosocial problems;
• Differences in brain activity and white matter microstructure;
• Reduced transient evoked otoacoustic emission (OAE) suppression effects, and abnormalities in 

auditory evoked potential latency and amplitude. 

When comparing groups of children with a neurodevelopmental diagnosis with groups of children 
without a neurodevelopmental diagnosis, the significant differences found are related to group level. For 
example, three studies in our systematic review reported white matter microstructure differences and 
differences in brain activity in children with (suspected) APD. These results are related to a small group 
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of children and to differences at group level. Some of the children with listening difficulties indeed have 
measurable abnormal functioning of the brain, but this is not the case for the vast majority of children. 
Group differences are explanatory to a certain extent, but we cannot simply apply them to each  
individual. That is, not all children with listening difficulties meet the broad range of characteristics found 
in our systematic review. Moreover, the characteristics also do not clarify the possible cause of the  
listening difficulties. The characteristics that we found in our systematic review are also observed in 
children diagnosed with other neurodevelopmental disorders. 

Chapter 2, in which we presented the systematic review about the characteristics of (suspected) APD, 
shows that children with listening complaints perform significantly different than their typically  
developing peers and that these differences are related to auditory and visual functioning, cognition 
(NV-IQ, attention, and memory), language, reading, physiological measures (e.g., auditory event-related 
potentials and OAEs), and brain structure and activity. This was also reflected in our response letter 
(chapter 3), in reaction to the letter to the editor of Dr. Moncrieff (2017). Based on these results, it 
cannot be concluded that listening difficulties of children are caused only by deficits in bottom-up or 
top-down processes, but there does seem to be an overlap of these processes. Therefore, we have further 
investigated the overlap between the various developmental disorders of the listening difficulties in 
children. 

Overlap of characteristics of children diagnosed with various neurodevelopmental disorders 

Chapter 2 showed that the problems of children with listening difficulties are multimodal and that the  
listening difficulties of children may be a consequence of cognitive, language, and attention issues as 
well. APD is not a clearly defined label and most of the characteristics found in chapter 2 are also suitable 
for children diagnosed with another developmental disorder. This is why we carried out a second 
systematic review, in which we investigated whether the performance at different outcome 
measurements (e.g., questionnaires, auditory processing, language and cognitive tests) of children with 
suspected APD or an APD diagnosis is different from the performance of children diagnosed with another 
neurodevelopmental disorder, such as SLI, dyslexia, learning disorder, ADHD, or ASD. 

Chapter 4, in which we presented our second systematic review, shows that children with listening 
difficulties usually perform the same in many tests as children who are diagnosed with another neuro-
developmental disorder. There were no differences in cognitive (intelligence, memory, and attention) and 
language functioning. Furthermore, children with SLI score the same as children with APD on reading 
tasks. However, children with listening difficulties score weaker in comparison with children with ADHD 
on auditory and visual pattern recognition tests. And compared to children with learning problems,  
children with listening difficulties have more difficulty with directional hearing. Also, the parents of 
children with listening difficulties assess the children’s listening skills as weaker than the parents of 
children with a SLI / DLD or dyslexia (measured with the CHAPPS questionnaire). 

The results described in chapter 4 (second systematic review) confirm our earlier observation in chapter 
2 (first systematic review) that the behavior of children diagnosed with APD have a large overlap with 
the behavior of children diagnosed with another developmental disorder. It is also possible that multiple 
labels apply to the same children or that various labels are given to children with similar complaints. 
This could be explained by the various perspectives of the different professionals to whom children with 
listening difficulties are referred. Depending on the professional who examines the child, the child may be 
diagnosed with APD, SLI or ADHD. There is no conclusive evidence from which it can be concluded that 
APD can be clearly differentiated from other neurodevelopmental disorders with overlapping symptoms. 
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Are listening difficulties in children an auditory-modality-specific disorder? 

The studies presented in chapter 2, 3 and 4 indicate that children with listening difficulties have poorer 
performance across multiple domains and that APD cannot be differentially diagnosed because of the 
overlapping symptoms with other neurodevelopmental disorders and because there are no valid methods 
to accurately do so. In chapter 5, it was hypothesized based on the results of the two reviews and the 
initial description of APD by Myklebust (1954), that children with reported listening difficulties not only 
score lower on auditory processing behavioral tests and questionnaires, but also on attention, memory, 
and communication behavioral tests and questionnaires. This explorative study was set out with the 
aim of evaluating the influence of these top-down cognitive processes on reported listening difficulties 
in children aged 8 to 12 years. The results of our explorative study, presented in chapter 5, shows that 
the problems of children with reported listening difficulties seems to be related to visually attention and 
auditory attention, working memory, communication skills and listening skills. No evidence was found 
in our study that the problems of the children who experience listening difficulties were caused by a 
distorted bottom-up sensory processing deficiency. The children with listening difficulties showed a range 
of individual performance profiles and no distinctive pattern of psychometric performance was found. 

Together, chapter 2, 3, 4 and 5, show that listening difficulties in children are multifactorial in nature 
and that top-down cognitive processes play an important role in the listening skills of children. There is 
no evidence to support the hypothesis that these listening difficulties reflect an auditory-modality-specific 
disorder in children. Moreover, based on the conducted studies, it is not possible to separate bottom-up 
sensory from top-down cognitive processing and to differentiate between auditory processing disorders 
and language, attention and working memory disorders with the current diagnostic tools which are 
available in clinical practice. This is supported by Magimairaj and Nagaraj (2018), who indicate that the 
comorbidity of different neurodevelopmental disorders is often the rule and not an exception, signifying 
the multifactorial nature of developmental disorders (Pennington, 2006). In addition, the organization 
and integrated function of de central nervous system further adds to comorbid phenomena (Kraus & 
Hornickel, 2013).

Integrated framework for listening difficulties

The results of the studies presented in this thesis indicate that there are many possible reasons for 
poor listening in children. Listening necessarily involves the integration in the brain of bottom-up, 
auditory “sensory” information with top-down, multimodal “cognitive” information (Moore, 2012). In 
addition to a well-functioning peripheral hearing and well-processing of the auditory signal (bottom-up 
processing), listening requires focus to the speech stimuli and the involvement of memory, intelligence, 
and language skills (top-down processing). The problems of children with listening complaints vary 
across children: not all children with listening difficulties have memory, language or attention difficulties, 
and not all children with memory, language or attention difficulties experience troubles with listening. 
A framework that can be used to illustrate the influence of cognitive, linguistic, and auditory factors on 
listening is the framework proposed by Magimairaj and Nagaraj (2018), see figure 1. The various factors 
may play a role individually or jointly in any combination in causing listening difficulties in children. 
According to Magimairaj and Nagaraj (2018), the heterogeneous profiles of children with listening 
difficulties reflect combinations of deficits across these factors. This view is supported by the results 
of the studies presented in this thesis. The results from both systematic reviews shows that top-down 
cognitive processes, like attention, memory, and language skills, play an important role on listening and 
in adequately processing auditory stimuli. From chapter 5, in which we presented the explorative study, 



Listening difficulties in children  - Auditory processing and beyond

215

we know that the symptoms of children with listening difficulties seem to reflect a complex relationship 
between skills in auditory, visual, cognitive and language domains. 

Figure 1. An integrated framework to conceptualize listening difficulties in children (Adopted from:  
Magimairaj & Nagaraj, 2018).

APD or listening difficulties

One of the main questions of this thesis was whether APD can be regarded as a unique clinical entity, 
caused by an auditory specific disorder or whether the listening difficulties of children are related to 
or caused by another factor or impairment, for example, language or attention difficulties. Based on 
the results of the studies described in chapter 2, 3, 4, and 5, it can be concluded that the problems 
of children with listening difficulties are multifactorial. It cannot be concluded that APD is an isolated 
disorder that can be differentiated from other developmental disorders. Given the heterogeneous profiles 
of children with listening difficulties and the substantial overlap in symptoms between the various 
neurodevelopmental disorders, it can be concluded that auditory processing disorders best can be 
characterized as a sub-component that may be influenced by other factors instead of categorizing the 
deficits as a unique clinical condition. In children with listening difficulties, there does not seem to be an 
auditory processing disorder that manifests itself in a disturbed bottom-up processing. When listening to 
auditory stimuli, there seems to be a continuous interaction between bottom-up sensory processes and 
top-down 
cognitive processes, which makes it difficult to distinguish between the various processes that play a role 
in listening. This was already described in 1954 by Myklebust, who emphasized that “Auditory disorders 
is a more inclusive concept than that which emphasizes degrees and types of peripheral deafness” and 
that “hearing must be evaluated in relation to the total development and behavior of the child and 
specifically in relation to physical, mental, and emotional development” (Myklebust, 1954, p. 4). This 
does not mean that there cannot be a specific auditory defect, like for example a hearing speech-in-noise 
deficit (DeBonis, 2015) or a spatial hearing deficit (Cameron, Dillon, Glyde, Kanthan & Kania, 2014) that 
could cause the listening difficulties, but using APD as a diagnostic label seems to have little value. 
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Towards clinical application

Clinical and research decision-making would be greatly simplified if diagnoses were conceptualized as 
syndromes or disorders that were truly distinct from each other (Rutter & Pine, 2015). However, research 
has shown that this is not the case. Phenotypic overlap between, for example, autism, and ADHD, is 
common and the two disorders have the same genetic liability (Rutter & Pine, 2015). Also, in the studies 
presented in this thesis significantly overlap between symptoms of children diagnosed with various 
neurodevelopmental disorders is found. 

In chapter 1 of this thesis, five possible relationships between the construct APD and other neuro-
developmental disorders were presented. Based on the results of chapter 2 to 5, two possible options for 
interpreting the problems of children with listening difficulties can be given (see Figure 2). 

Figure 2. Two possible interpretations for the listening difficulties (LiD) in children. 
ADHD, attention deficit hyperactivity disorder; SLI, specific language impairment.

The first option is that the symptoms presented by children with listening difficulties, despite normal 
audiometry, could be considered in terms of more well-defined, commonly used and almost completely 
overlapping learning disorders such as SLI, dyslexia or attention deficit disorders (Figure 2, option 1). 
In this case, listening difficulties are caused by language, reading, attention, and/or concentration 
impairments and are a subset or symptom of one of the other neurodevelopmental disorders. However, 
there is also considerable overlap at the symptomatic level between SLI, ADHD, and dyslexia (Bishop 
& Rutter, 2008). The evidence for etiological and cognitive overlap disproves a single deficit model as 
explanation for the frequent co-occurrence of various developmental disorders (Van Bergen, van der Leij 
& de Jong, 2014). It seems likely that a large part of the overlap is simply a consequence of the fact that 
these disorders are slightly different manifestations of the same underlying condition (Bishop & Rutter, 
2008). 

Therefore, instead of distinguishing between neurodevelopmental disorders, it seems more logical 
to group them all together into an overarching category and treat them as a variant of a common 
underlying condition. This fits with option 2 in Figure 2. This option represents the view that there is a 
more general neurodevelopmental disorder or supramodal global deficit instead of a specific disorder in 
a group of children with listening difficulties, but also in groups of children diagnosed with other neuro-
developmental disorders (Figure 2, option 2). In this general neurodevelopmental disorder, the behavioral 
difficulties of children (e.g. auditory, language, and attention) serve as markers that can be expressed 
along a continuum of severity.
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Several explanatory models for the assumed comorbidity are available in which the contribution of 
shared or correlated risk factors to different disorders is included (Thapar & Rutter, 2015). For example, 
the Causal model, proposed by Bishop and Snowling (2004) and the Multiple cognitive defi cit model, 
proposed by Pennington (2006). Pennington’s model fi ts the results of our studies and the idea that 
many of the individual diagnoses are related with each other in clusters, groups, or on a spectrum instead 
of being truly distinct disorders (Pennington, 2006; Pennington & Bishop, 2009; Moore & Hunter, 
2013). Pennington’s Multiple cognitive defi cit model, shown in Figure 3, shows that obtaining complete 
understanding of neurodevelopment disorders is very diffi cult because of the multiple pathways involved 
and because of the shared processes at etiologic, neural, and cognitive level (Pennington, 2006). In 
line with the results of our studies, the model shows that the etiology of complex behavioral disorders 
is multifactorial and implies the interaction of multiple risk and protective factors, which can be both 
genetic and environmental. No single etiological factor is suffi cient in itself for a disorder. Because of the 
shared etiological and cognitive risk factors, therefore, comorbidity among complex behavioral disorders 
is a logical consequence (Pennington, 2006). 

Figure 3. The Multiple cognitive defi cit model (Pennington, 2006). The four levels in the model are: 
etiologic, neural, cognitive, and symptom, where clusters of symptoms can defi ne complex behavioral 
disorders, such as SLI, ADHD, and dyslexia. Causal connections between levels of analyses, some of 
which would include feedback loops from behavior to brain or even to etiology, are omitted from the 
fi gure.
C, cognitive process; D, disorder; E, environmental risk or protective factor; G, genetic risk or protective factor; N, neural system.
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The approach to listening difficulties in the Netherlands

In the second part of this thesis (Chapter 6 and 7), the opinion and perspectives of Dutch professionals 
working in audiological centers was presented. A clinical decision by a healthcare professional must be 
made not only on the basis of the available scientific evidence, but also on the basis of the knowledge 
and experience of the professional himself and the wishes and perspectives of the client. This is called 
evidence-based practice (Figure 4). Evidence-based practice concerns the balancing of scientific evidence, 
knowledge and experience of the professional and the patient’s values in the daily context and making a 
clinical decision after careful consideration of these elements (Neijenhuis, Lipke-Steenbeek & Houweling, 
2014). To examine the knowledge and experiences of Dutch professionals with children with listening 
problems, the studies in chapter 6 and 7 have been carried out.

Figure 4. Elements of evidence-based practice (Translation of Figure 1.1. (p. 21) of Kuiper, Verhoef, Cox 
& de Louw, 2008. Translated by Research Centre Innovations in Care, Rotterdam, the Netherlands). 

From the focus group study (Chapter 6), debates emerged which corresponds with the international 
discussion about APD: (1) whether or not APD is an auditory deficit and (2) whether or not current test 
batteries for auditory processing are suitable in diagnosing children with listening difficulties. Among 
other questions, these specific points were included in the Delphi study, presented in chapter 7, which 
was done with a small group of Dutch professionals. In the Delphi study, consensus was reached that 
APD cannot be seen as a separate diagnosis, and that listening difficulties co-occur with dyslexia, ADHD 
or SLI. This corresponds with the results of the explorative study presented in chapter 5 of this thesis. As 
described above, it appears that there is not a purely auditory deficit in children with listening complaints, 
but that there is a complex interaction between bottom-up sensory processing and top-down cognitive 
processes. 

In chapter 8 of this thesis the ‘Dutch Position Statement for children with listening difficulties’ was 
presented. This position statement is intended to guide professionals working in Dutch audiological 
centers in the clinical decision-making process in children who are referred to the audiological center 
with listening difficulties. The statements in the Dutch Position Statement are based on the results of 
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the systematic reviews presented in chapter 2 and 4, the perspectives of Dutch professionals presented 
in chapter 6 and the consensus reached as described in chapter 7. Although the Position Statement was 
delivered earlier than the study described in chapter 5, the statements are supported by the results of 
the explorative study from chapter 5. A strength of the Dutch Position Statement is that it has been 
developed in consultation with professionals working with children with listening complaints and that 
uniformity has been achieved together with professional practice. 

In order to determine the statements, the information obtained with the studies described in chapter 
2, 4, and 7, was returned to the professionals of Dutch audiological centers by the use of propositions. 
The professionals could indicate whether they agreed of disagreed with a proposition. When 75% of the 
respondents agreed, it was included as a statement in the Dutch Position Statement. The final version 
of the position statement consists of nine statements, agreed on by the professionals of the Dutch 
audiological centers. These statements concern definition, referral, diagnosis, and treatment of children 
with listening difficulties. Before the Dutch position statement was published for the professional field, 
the concept document was presented for review to all audiological centers in the Netherlands. During 
this review period, the professionals were able to give feedback on the draft version. After processing the 
comments, the final document was presented to and distributed by the Federation of Dutch Audiological 
Centers (FENAC).  

Implications and future directions 

The presence of behavioral criteria alone is not sufficient for a diagnosis. A diagnosis should only be made 
if, in addition to the presence of deviant behavior, there are also clear problems and limitations in social 
functioning and at school. This is why we recommend in the position statement to use the framework 
of the International Classification of Functioning, Disability and Health (ICF-framework) to map the 
client’s functioning in a holistic manner, instead of focusing on providing a diagnostic label. The child’s 
listening difficulties can best be described in the ICF domain ‘activity and participation’. By using the ICF 
framework, all symptoms, whether they are auditory or not, can be described. In addition, there must be 
multidisciplinary collaboration to map the problems of the children from various perspectives. Because 
audiological centers in the Netherlands are already set up as multidisciplinary centers, multidisciplinary 
diagnostics is already done in the Netherlands in most cases in children with more complex problems. 
Based on the input of the professionals, obtained in the focus group study and the Delphi study, a step-
by-step method for performing diagnostics in a uniform way in children referred with listening complaints 
has been developed and presented in a flowchart in the Dutch Position Statement.

With the Dutch Position Statement, a contribution has been made to the working method of Dutch 
professionals when it comes to the target group of children with listening problems. However, there is still 
considerable uncertainty about the management of listening difficulties. Therefore, I recommend to focus 
further research on the possibilities to treat problems of children with listening difficulties. In addition, 
based on the various elements of evidence-based practice, it is recommended to investigate in further 
research the preferences, values and experiences of patients themselves and the parents of children with 
listening difficulties.

CONCLUDING REMARKS
All results combined, I conclude that listening difficulties exist in children and that these difficulties 
should be taken seriously, but that there is no evidence for the assumption that the listening difficulties 
are caused by a defect in the auditory system. We found no evidence in our studies that the listening 
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difficulties in children are caused by a distorted bottom-up sensory processing deficit only. The studies 
presented in this thesis suggest that listening difficulties in children are multifactorial in nature and 
may be a consequence of cognitive (intelligence, attention, and working memory), language, and 
auditory and visual capacities rather than being uniquely limited to the auditory system. Both bottom-
up sensory processes and top-down cognitive processes play an important role in listening. Various 
neurodevelopmental disorders can be conceptualized as a more general neurodevelopmental disorder, in 
which listening difficulties of children serve as a marker that can be expressed in a continuum of severity. 
It cannot be concluded that APD is a single diagnostic characteristic of the auditory system and therefore 
cannot be considered as an isolated disorder that can be differentiated from other neurodevelopmental 
disorders. The diagnostic label APD is therefore not suitable for classifying listening difficulties in children.
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SUPPLEMENT: PROTOCOL SYSTEMATIC REVIEW
Stage 1: Identification

Search strategy
The following databases will be searched:
Pubmed; 
Ebscohost:

PsycINFO; 
Cumulative Index to Nursing and Allied Health Literature (CINAHL); 
Educational Resources Information Center (ERIC); 
Communication & Mass Media Complete; 

Excerpta Medica database (EMBASE).

Studies published from 1954 (studies of auditory processing began in 1954 (Myklebust in Cacace & 
McFarland, 2009) and 1955 (Bocca, Calearo, Cassinari & Migliavacca in Cacace & McFarland, 2009)), 
written in English and published in a peer-reviewed journal, containing primary research were initially 
considered for the review. 

Results will be incorporated in a Prisma flow chart (Moher, Liberati, Tetzlaff, Altman, The PRISMA Group, 
2009). 

Keywords:
Pubmed:
("Auditory Diseases, Central"[Mesh] OR auditory processing[tiab] OR auditory perceptual[tiab]) AND 
(child[tiab] OR children[tiab] OR adolescent*[tiab])

• We decide to use the MeSH-term one above in hierarchy (MeSH-term “Auditory diseases, 
• central” instead of “Auditory Perceptual Disorders”). Search on the broader term will retrieve 

articles with that heading as well as all of the narrower terms indented below. 
PsycInfo, Eric, CINAHL, Communication & Mass media complete:
(TI "auditory processing" OR TI "auditory perception" OR TI "auditory perceptual") OR (AB "auditory 
processing" OR AB "auditory perception" OR AB "auditory perceptual") AND (AB child OR AB 
adolescent)
EMBASE (until March 15 2012):
“auditory processing”, “auditory perception”, “auditory perceptual” child:ab OR children:ab OR 
adolescent:ab OR adolescents:ab. 

• Import all possibly eligible studies in Refworks in a separate folder (“Total search”). 
• Assess exact duplicates and close duplicates in Refworks and remove exact duplicates. 

Stage 2: Screening

Step 1) Screening of titles 
The titles of studies located and stored in Refworks are screened against the inclusion/exclusion criteria 
by two researchers (EW and MV). 

• Indicate, based on the title per Refworks page (in written form on paper), per reference if the 
study should be included (+) or excluded (-) in the review.
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The selection of both reviewers will be compared. When both reviewers have assessed a reference with 
the symbol “-“, the study is stored in a folder “Out”. When both reviewers have assessed a reference 
with the symbol “+”, the reference will be stored in the Refworks folder “In on title”. When the 
reviewers have no consensus, the abstract will be opened and reviewed and discussed between the two 
reviewers. After reaching agreement, the reference is stored in the “in on title” or “out” folder. 

Inclusion criteria title 
1. Published in English 
2. Addressed factors in title about: 
• Auditory Processing in combination with deficit(s), impairment(s), problem(s), difficulties, or  

disorder(s)
3. The following terms are also considered for inclusion:
• Auditory problem(s)
• Auditory perceptual or auditory perception 
• Auditory (dys)function
• Auditory abilities
• Listen(ing) 
• Speech perception or processing

Step 2) Screening of abstracts
The abstracts of the studies stored in the Refworks folder “In on title” will be screened against the eight 
inclusion/exclusion criteria by two of the three researchers (EW and MV or EW and ML). 

• Indicate, based on the abstract (in written form on paper), per reference if the study should be 
included (+) or excluded (-) in the review. In the event of exclusion, state the reason of exclusion 
by writing down the number corresponding with the inclusion/exclusion criteria (1-8) where the 
study does not meet the inclusion criteria. 

Abstracts that satisfy the inclusion criteria will be moved to the Refworks folder “In on abstract”. Where 
there is uncertainty, the abstract will be reviewed and discussed between the three reviewers. As it is not 
always obvious from the abstract whether the study satisfied the inclusion criteria, remaining studies are 
read more extensively for eligibility (Step 3) by one of the three reviewers (EW, MV, and ML). 

Inclusion/exclusion criteria abstract
1. Published in English 
2. Addressed factors in abstract about: 
• Characteristics of APD, susAPD, or children at risk for APD, in the presence of normal hearing.
3. The following terms for APD are also considered for inclusion:

(Central) auditory processing disorder(s)
• Auditory processing deficit
• Auditory processing disease
• Auditory perceptual disorder(s)
• Auditory perception disorder(s)
• Acoustic perceptual disorder(s)
• Auditory listening problems
• Central auditory dysfunction
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• Listening disorder(s)
• Listening difficulties
• Speech perception problem(s)
• Speech perception disorder(s)
4. Participants must be under the age of 18 years because the final step in structural maturation of 

the auditory cortex occurs in later childhood between the ages of six and 12 years of age (Moore 
& Linthicum, 2007). 

5. Studies in which participants with brain damage or other deficit(s) participate will be excluded 
(neuropathy, children with cochlear implants, children with Down Syndrome or another syndrome, 
neonatal children, children with peripheral hearing loss, children with chronic otitis media, children 
with brain damage).

6. Primary research (randomized controlled trials, experiments, quasi-experiments, Meta-analyses, 
cohort studies, case-control). 

7. Published in peer-reviewed journal. 
8. Books, book chapters, dissertations, or case studies or case-series will be excluded. 

Stage 3: Eligibility

Step 1) Full-text articles assessed for eligibility
The references in the Refworks folder “In on abstract” will be divided between the three researchers 
(EW, MV, and ML). They will individually read and review the papers and accurately check them against 
the criteria for inclusion. Each researcher indicates if the study meets the inclusion criteria of the first 
systematic review (chapter 2) or the second systematic review (chapter 4). Subsequently, the first 
reviewer (EW) will check the eligibility of the second reviewer (MV) and third reviewer (ML) and vice 
versa. All reviews will be discussed in a consensus meeting and any uncertainty about a reference will 
be discussed among the three researchers. All studies that meet inclusion will be stored in the folder 
“Systematic Review: final search”. 

Procedure
The following should be present for inclusion in the first systematic review (chapter 2): 

1. Description of the study design and research method. 
2. Description of the study population: a group of children with (suspected) APD or children at risk 

for APD and a control group (typically developing (TD) children or normative group). When the 
study contains a normative group, the normative group must be described in detail (information 
about number of participants and age range must be available). When the study contains a 
control group in which children participate who were initial referred to a clinic because of listening 
difficulties but were subsequently classified as non-APD, the study will be excluded from the 
review. 

3. Description of the tests used in the study to determine if there were differences between children 
with (suspected) APD and their TD peers. 

4. The focus of the study needs to be on children with (suspected) APD. Children in the experimen-
tal groups have listening complaints in the presence of normal hearing. In the study, authors need 
to speak about APD (or one of the synonyms of APD, described by stage 2). When the focus of 
the study is on children with another developmental disorder, such as learning difficulties (LD), 
dyslexia, specific language impairment (SLI), attention-deficit hyperactivity disorder (ADHD), or 
autism spectrum disorder (ASD), the study will be excluded.  
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5. Study meets the research question: contains information about characteristics or performance of 
children with (suspected) APD on behavioral, physiological, or brain measurements in comparison 
with their TD peers. Characteristics or performance of children with clinically diagnosed APD, 
susAPD, or at risk for APD, in the presence of normal hearing. 

6. In the results section, the following must be indicated: a comparison between the performance of 
children with (suspected) APD and typically developing children.

7. The study meets all of the criteria described at Stage 2: screening of abstracts

The following should be present for inclusion in the second systematic review (chapter 4):
1. Description of the study design and research method. 
2. The focus of the study needs to be on the comparison of the behaviors and/or performance on 

various measurements of children with (suspected) APD and children diagnosed with a different 
developmental disorder (SLI, Dyslexia, ADHD, ASD, or LD). 

3. Description of the study population: a group of children with (suspected) APD and a group of 
children with a different developmental disorder such as SLI, Dyslexia, ADHD, ASD, or LD. 

4. Description of the tests used in the study to determine if there were differences between children 
with (suspected) APD and other developmental disorders.

5. Study meets the research question: contains information about characteristics or performance of 
children with (suspected) APD on behavioral, physiological, or brain measurements in comparison 
with children diagnosed with a different developmental disorder. 

6. In the results section, the following must be indicated: a comparison between the performance of 
children with (suspected) APD and children with a different developmental disorder. 

7. The study meets all of the criteria described at Stage 2: screening of abstracts

Step 2: Full-text assessed for methodological quality
Each included study will be independently reviewed and evaluated for methodological quality by two 
reviewers (EW and MV, EW and SH or EW and ML) with the American Speech-Language-Hearing 
Association’s levels-of-evidence (ASHA’s LOE) scheme (Mullen, 2007). The two reviewers, blinded to 
each other’s results, appraised each study on the basis of the quality indicators: study design, blinding, 
sampling/allocation, group/participant comparability, outcomes, significance, and precision. The quality 
assessment must be saved per study in a standard formatted Excel file (available on request from the first 
author). All discrepancies between the reviewers will be discussed and resolved by consensus between 
the three reviewers in a consensus meeting. 

Explanation ASHA’s LOE system (adapted from Mullen, 2007 & Fey et al., 2011)
Study design: design of the study is reported, or a description of the design is described in detail. Studies 
with more than one experimental group and a control group and studies with normative groups will be 
regarded as a cross-sectional study. 
Blinding: researcher, testers (observers), and/or test scores were masked with respect to the child’s group 
assignment. The tester/researcher does not know in which group the child participated. 
Sampling / allocation: participants were selected at random or were assigned randomly to groups. The 
recruitment and selection procedure of participants was descripted in detail. The main characteristics of 
the groups are described in detail; the study contained a table with a clear description of the demographic 
characteristics of the children in the different groups (e.g., gender, age range, mean age, socioeconomic 
status, type of school, language abilities). 
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Group / participant comparability: appropriate comparison between groups; homogeneous group at 
the beginning of the study (between-subject design) or well-described subjects (within-subject design). 
Inclusion and exclusion criteria of the study population are well described. Matching is described. 
Differences between subjects are described in detail. Only yes when the subjects within groups are well 
described (with participant information in a table) and are comparable to the following factors: hearing; 
language, intelligence and reading abilities, and the presence of comorbid disorders.
Outcomes: clearly defined how primary outcomes will be measured. The used measurements were 
clearly described and explained. Information about reliability and validity is included in the description 
of the measurements or reference to information about reliability and validity is included. The validity 
and reliability are reasonable when the used measurement is described in detail and when there are no 
concerns about the reliability of the measurement. 
Significance: a statistical test was reported, and p-values are reported or calculable.
Precision: an effect size, such as d, is reported along with confidence limits surrounding d. When effect 
size and confidence intervals were not reported, the study provides sufficient descriptive statistics (sample 
size of each group, means, and standard deviations) to calculate d and confidence limits around it. 

Stage 4: Included

Data extraction and analysis
Data will be extracted from the included studies by two reviewers (EW and MV, EW and SH or EW and 
ML). From the included papers, details of participants, experimental group, control group, used measures, 
and outcomes will be extracted and compiled in the standard formatted Excel file. 
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INTRODUCTIE

Goed kunnen horen is essentieel voor een goede verwerving van taal en een effectieve verbale 
communicatie (Bhatnagar & Korabic, 2006). Er zijn kinderen die, ondanks het goed functioneren van 
het perifere gehoororgaan en normale gehoordrempels, moeite hebben met het horen en verstaan van 
spraak. Nadat de oren het geluid hebben opgevangen, lijkt er iets mis te gaan met de verwerking van 
de auditieve informatie. Voor kinderen met dergelijke problemen is het luisteren naar en het verstaan 
van spraak in complexe luistersituaties, zoals een druk klaslokaal met veel achtergrondgeluid, vaak lastig. 
Deze kinderen worden door hun ouders en leerkrachten beschreven als kinderen die vaak “huh, wat zeg 
je” zeggen en als kinderen die problemen hebben met het volgen van mondelinge instructies. Ze hebben 
moeite met het begrijpen van snelle of gestoorde spraak, zijn niet in staat om gesprekken goed te volgen 
en zijn onoplettend of dromerig (Jerger & Musiek, 2000; Hind et al., 2011; Moore, Rosen, Bamiou, 
Campbell & Sirimanna, 2013).

Problemen in de auditieve verwerking zijn complex en er is niet altijd een duidelijke verklaring voor 
de luisterproblemen die de kinderen ervaren. Voor het luisteren naar gesproken taal is niet alleen horen 
en het verwerken van de auditieve stimulus (bottom-up verwerking) nodig. Immers, bij het verwerken 
van geluid moet de luisteraar het geluid detecteren, bepalen waar het geluid vandaan komt, het geluid 
opvangen en scheiden van achtergrondgeluiden en verwerken en interpreteren tot een betekenisvolle 
boodschap. Kortom, naast het goed functioneren van het perifere gehoororgaan, vereist luisteren 
de betrokkenheid van geheugen, aandacht, intelligentie en taalkennis (BSA, 2011; 2007). Zelfs het 
verwerken van de meest eenvoudige auditieve signalen, zoals een toon, wordt beïnvloed door cognitieve 
factoren, zoals geheugen en aandacht (top-down processen). 

De term ‘luisterproblemen’ (in dit proefschrift: ‘listening difficulties’ (LiD)) wordt gebruikt om de  
problemen met het horen en luisteren, ondanks het goed functioneren van het perifere gehoororgaan, 
samen te vatten. Deze problemen worden meestal gemeld door de ouder(s) of de leerkracht van het 
kind en verwijzen naar symptomen, zoals het hebben van problemen met het volgen van mondelinge 
instructies waarvan de oorzaak nog niet bekend is. De term ‘luisterproblemen’ is dan ook geen 
diagnostisch label (Moore, 2018). Internationaal wordt de term ‘auditory processing disorder’ (APD) als 
klinisch label of diagnose in een aantal landen gebruikt om de hierboven beschreven luisterproblemen, 
ondanks het goed functioneren van het perifere gehoororgaan, te classificeren (Moore et al., 2013). 
In Nederland wordt hiervoor ook wel de term ‘auditieve verwerkingsproblemen’ (AVP) gebruikt. Een 
beschrijving die vaak wordt gegeven voor APD is: "Wat we niet doen met wat we horen" (Katz, Stecker 
& Henderson, 1992). Onlangs is APD opgenomen als een stoornis (H93.25) in de 10e versie van de 
International Classification of Diseases (ICD-10) [Internationale Classificatie van Ziekten] (Iliadou et al., 
2017).

Echter, niet overal ter wereld wordt de diagnose APD gebruikt om de problemen van kinderen met 
luisterproblemen, ondanks het goed functioneren van het perifere gehoororgaan, te classificeren. Dit 
is te wijten aan de onzekerheden die er bestaan met betrekking tot de onderliggende oorzaak van de 
luisterproblemen bij kinderen en aan de overlap tussen de kenmerken van APD met de kenmerken van 
andere neurologische ontwikkelingsstoornissen, zoals een specifieke taalontwikkelingsstoornis (TOS), 
dyslexie, attention deficit hyperactivity disorder (ADHD) en autismespectrumstoornis (ASS) (Bamiou, 
Musiek & Luxon, 2001; Rosen, 2005; Hind, 2006; Moore, 2006; Cacace & McFarland, 2009). Het is 
onduidelijk of de problemen in de auditieve verwerking bij kinderen moeten worden beschouwd als 
een zuivere auditieve stoornis waarbij de problemen alleen plaatsvinden in de auditieve verwerking en 
hierdoor gezien moeten worden als een opzichzelfstaande klinische entiteit die zich onderscheidt van 
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andere leerstoornissen, of dat de luisterproblemen worden veroorzaakt door tekorten op het gebied van 
intelligentie, taal, lezen en spelling, aandacht en/of concentratie (Moore, 2006; Dawes & Bishop, 2009; 
Miller & Wagstaff, 2011). 

In Nederland worden kinderen met onverklaarde luisterproblemen meestal onderzocht in een 
audiologisch centrum. Een audiologisch centrum is een expertisecentrum voor horen, spreken en taal 
waar diverse professionals (bijvoorbeeld audioloog, logopedist, linguïst, psycholoog, orthopedagoog, 
maatschappelijk werker) werkzaam zijn. Uit onderzoek (de Boer & Kuijpers, 2011) is gebleken dat er 
een grote variatie is tussen de Nederlandse centra in de diagnostische procedures en de begeleiding van 
kinderen die last hebben van luisterproblemen. Het gebrek aan uniformiteit in Nederland komt overeen 
met de internationale discussie over de oorzaak, diagnostische procedures en de behandeling van 
kinderen met onverklaarde luisterproblemen.

Vraagstelling 
In dit proefschrift is onderzocht wat de kenmerken zijn van kinderen met luisterproblemen, of de 
luisterproblemen verklaard kunnen worden door een stoornis in de auditieve verwerking en of de 
luisterproblemen beschouwd moeten worden als een opzichzelfstaande klinische en identificeerbare 
entiteit of dat er sprake is van een mogelijke andere verklaring voor de luisterproblemen. 

Dit proefschrift bestaat uit twee delen. In deel I van dit proefschrift zijn de studies opgenomen die 
uitgevoerd zijn om te onderzoeken welke kenmerken geassocieerd zijn met luisterproblemen en APD, 
welke kenmerken overlappen tussen APD en andere neurologische ontwikkelingsstoornissen en wat 
de rol van top-down cognitieve processen is bij kinderen met een vermoedelijke APD. In deel II van 
dit proefschrift zijn de studies opgenomen die zijn uitgevoerd in het kader van de ontwikkeling van 
het ‘Dutch Position Statement Kinderen met Luisterproblemen’. Hiervoor is, in samenwerking met 
Nederlandse logopedisten en audiologen, getracht een uniforme en bruikbare definitie en werkwijze 
rondom signalering, diagnostiek en behandeling voor Nederlandse audiologische centra op te stellen. De 
onderzoeksvragen die ik in mijn proefschrift heb behandeld zijn:

1. Welke kenmerken zijn geassocieerd met (vermoedelijke) APD bij kinderen? 
(Hoofdstuk 2 en 3)

2. Welke kenmerken van kinderen met (vermoedelijke) APD overlappen met de kenmerken van 
kinderen met een andere neurologische ontwikkelingsstoornis, zoals specifieke taalontwikkelings- 
stoornis (TOS), dyslexie, attention deficit hyperactivity disorder (ADHD) en autismespectrum- 
stoornis (ASS)?  
(Hoofdstuk 4)

3. Hoe presteren kinderen met vermoedelijke APD op auditieve en visuele aandachtstaken in 
vergelijking met typisch ontwikkelende kinderen?  
(Hoofdstuk 5)

4. Wat is een bruikbare definitie en diagnostische procedure voor luisterproblemen voor Nederlandse 
professionals die werken met kinderen met luisterproblemen in de klinische praktijk? 
(Hoofdstuk 6, 7 en 8)



238

Nederlandse samenvatting

BEVINDINGEN
Deel I

In hoofdstuk 2 van dit proefschrift wordt een systematische review beschreven waarin is onderzocht 
wat de kenmerken zijn van kinderen met een (vermoedelijke) APD. Hiervoor is in de huidige literatuur 
gekeken wat er bekend is over hoe kinderen met luisterproblemen (het vermoeden van APD of een 
gediagnosticeerde APD) scoren op verschillende vragenlijsten en tests in vergelijking met hun typisch (= 
geen ontwikkelingsproblemen) ontwikkelende leeftijdsgenoten. We wilden weten of APD moet worden 
beschouwd als een stoornis die veroorzaakt wordt door een defect in de auditieve verwerking of dat er 
sprake is van een defect in meerdere gebieden (bijvoorbeeld auditief, visueel, cognitief). De problemen 
van de kinderen met (vermoedelijke) APD bleken niet specifiek voor de auditieve modaliteit. Uit diverse 
studies komt naar voren dat kinderen met luisterproblemen moeite hebben met zowel auditieve, als 
visuele, cognitieve en mondelinge en schriftelijke taaltaken. Onze systematische review toonde aan 
dat kinderen met luisterproblemen, in vergelijking met typisch ontwikkelende kinderen, de volgende 
kenmerken kunnen hebben:

• een zwakkere prestatie op auditieve patroonherkenningstesten (frequentiepatroontest en/of  
duurpatroontest) en tests waarin de ruis gescheiden is van de stimuli;

• een lagere score op visuele verwerkingstaken;
• slechtere luistervaardigen in de klas;
• slechtere communicatieve vaardigheden en lagere scores op tests voor taal (grammatica,  

fonologie en woordenschat) en lezen;
• zwakkere non-verbale intelligentie en verminderde geheugen- en aandachtsvaardigheden;
• meer psychosociale problemen;
• verschillen in hersenactiviteit en witte-stof-microstructuur;
• verminderde transient evoked otoacoustic emissions (OAE) en afwijkingen in latentie en amplitude 

in auditieve evoked potentials.

Deze kenmerken zeggen echter niets over de mogelijke oorzaak van de luisterproblemen. Er spelen 
meerdere processen een rol bij het luisteren. 

APD is een zeer controversieel onderwerp waarin een langdurige intellectuele, theoretische en praktische 
impasse bestaat. Het is daarom niet verrassend dat er in wetenschappelijke tijdschriften veel op elkaars 
publicaties wordt gereageerd. Op de systematische review die beschreven staat in hoofdstuk 2 is een 
reactie gekomen van professor dr. Moncrieff. Deze ingezonden brief is gepubliceerd in 2017 in het 
wetenschappelijke tijdschrift Journal of Speech, Language and Hearing Research. Professor dr. Moncrieff 
betoogt in dit artikel dat de conclusies van de systematische review (hoofdstuk 2 van dit proefschrift) niet 
passend zijn bij de huidige stand van zaken op het gebied van de klinische diagnose en behandeling van 
kinderen met auditieve verwerkingsstoornissen. Hoofdstuk 3 van dit proefschrift beschrijft ons antwoord 
op de ingezonden brief van professor dr. Moncrieff. Op basis van de resultaten van onze systematische 
review, die beschreven staat in hoofdstuk 2, kan niet worden geconcludeerd dat luisterproblemen van 
kinderen alleen worden veroorzaakt door tekorten in bottom-up of top-down processen. Er lijkt sprake 
te zijn van een wisselwerking tussen deze processen. De conclusie uit onze systematische review dat de 
problemen van kinderen met luisterproblemen multimodaal zijn en dat de luisterproblemen van kinderen 
mogelijk een gevolg zijn van cognitieve, taal- en aandachtsproblemen, werd ook weerspiegeld in onze 
antwoordbrief. 
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Hoofdstuk 4 is een vervolg op de systematische review van hoofdstuk 2 en beschrijft eveneens een 
systematische review. In hoofdstuk 4 hebben we in de bestaande literatuur bestudeerd hoe kinderen met 
een (vermoedelijke) APD in vergelijking met kinderen die gediagnosticeerd zijn met een andere 
neurologische ontwikkelingsstoornis (TOS, dyslexie, ADHD of ASS) presteren op verschillende tests. 
In deze studie zijn de onderscheidende en overlappende kenmerken tussen de verschillende groepen 
kinderen beschreven. 

Deze studie laat zien dat kinderen met luisterproblemen op vrijwel alle tests hetzelfde presteren 
als kinderen die gediagnosticeerd zijn met een andere neurologische ontwikkelingsstoornis. Bij de 
vergelijking van kinderen met een (vermoedelijke) APD en kinderen met een diagnose TOS, dyslexie of 
ADHD werden geen verschillen gevonden voor het cognitief functioneren (intelligentie, geheugen en 
aandacht) en de prestatie op taaltests. Daarnaast presteren kinderen met APD hetzelfde als kinderen 
met TOS op leestaken. Er zijn slechts kleine verschillen gevonden tussen kinderen met luisterproblemen 
en kinderen die gediagnosticeerd zijn met een andere ontwikkelingsstoornis. Zo scoren kinderen met 
luisterproblemen in vergelijking met kinderen die gediagnosticeerd zijn met ADHD zwakker op auditieve 
en visuele patroonherkenningstesten. In vergelijking met kinderen met leerproblemen, hebben kinderen 
met luisterproblemen meer moeite met richtinghoren. Tevens blijkt dat de ouders van kinderen met 
luisterproblemen de luistervaardigheden van hun kinderen zwakker beoordelen dan de ouders van 
kinderen met TOS of dyslexie (gemeten met de CHAPPS-vragenlijst). Hierbij moet worden opgemerkt 
dat het om een klein aantal studies gaat met in de meeste gevallen kleine onderzoeksgroepen. Op basis 
van deze studie is er geen overtuigend bewijs waaruit kan worden geconcludeerd dat APD duidelijk 
onderscheiden kan worden van de andere neurologische ontwikkelingsstoornissen.

De resultaten die beschreven staan in dit hoofdstuk bevestigen onze eerdere waarneming uit 
hoofdstuk 2 (eerste systematische review). Het gedragsprofiel van kinderen met een vermoedelijke 
of gediagnosticeerde APD vertoont een grote overlap met het gedragsprofiel van kinderen die 
gediagnosticeerd zijn met een andere ontwikkelingsstoornis. Het is mogelijk dat meerdere labels/
diagnoses van toepassing zijn op hetzelfde kind of dat verschillende labels worden gegeven aan kinderen 
met soortgelijke klachten. Dit kan mogelijk worden verklaard vanuit de verschillende perspectieven 
van de diverse professionals die betrokken zijn bij kinderen met luisterproblemen; afhankelijk van de 
professional (audioloog, logopedist, psychiater, psycholoog of orthopedagoog) die het kind onderzoekt, 
krijgt het kind de diagnose APD, TOS, dyslexie, ADHD of ASS. 

Hoofdstuk 5 beschrijft een kwantitatieve studie die is uitgevoerd om meer inzicht te krijgen in hoe 
kinderen met luisterproblemen verschillende tests op het gebied van auditieve verwerking, communicatie, 
aandacht, geheugen en intelligentie uitvoeren. In deze studie is tevens gezocht naar een antwoord op 
de vraag of er bij kinderen met luisterproblemen sprake is van een opzichzelfstaande en identificeerbare 
klinische stoornis. 

In deze verkennende studie hebben wij de prestaties van kinderen met luisterproblemen op 
verschillende tests vergeleken met de prestaties van een controlegroep. Deze studie werd opgezet met 
het doel om de invloed van top-down cognitieve processen op de luisterproblemen bij kinderen van 8 
tot 12 jaar te evalueren. De resultaten van onze studie suggereren dat de problemen van kinderen met 
gerapporteerde luisterproblemen verband houden met zwakkere prestaties op het gebied van de visuele 
en auditieve aandacht, het werkgeheugen, communicatievaardigheden en luistervaardigheden. Er werd 
geen bewijs gevonden dat de problemen van kinderen die luisterproblemen ondervinden veroorzaakt 
worden door een verstoorde auditieve verwerking (bottom-up verwerking). Hieruit zouden we kunnen 
concluderen dat er geen sprake lijkt te zijn van een duidelijk identificeerbare stoornis. 
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Eén van de hoofdvragen van dit proefschrift is of APD kan worden beschouwd als een unieke klinische 
entiteit, veroorzaakt door een auditief specifieke stoornis, of dat de luisterproblemen van kinderen 
veroorzaakt worden door problemen in andere modaliteiten, zoals bijvoorbeeld taal- of aandacht- 
moeilijkheden. Op basis van het huidige bewijs kan worden geconcludeerd dat de problemen van 
kinderen met luisterproblemen multifactorieel zijn. Er kan niet worden geconcludeerd dat APD een 
geïsoleerde stoornis is die kan worden onderscheiden van andere neurologische ontwikkelingsstoornissen.

Deel II

In hoofdstuk 6 wordt een focusgroep beschreven. In deze kwalitatieve studie zijn de perspectieven van 
verschillende professionals werkzaam in Nederlandse audiologische centra op de definitie en zorgpaden 
van kinderen met een vermoedelijke APD bestudeerd. Uit de focusgroep kwamen twee hoofdpunten 
naar voren die overeenkomen met de internationale discussie die gevoerd wordt over APD: (1) ‘Is APD 
wel of geen auditieve stoornis?’ en (2) ‘Zijn de huidige testbatterijen voor auditieve verwerking al dan 
niet geschikt (valide) voor het diagnosticeren van kinderen met luisterproblemen?’ 

De professionals die hebben meegewerkt aan het focusgroepenonderzoek zijn het erover eens dat 
problemen in de auditieve verwerking meestal samengaan met taal-, lees-, aandacht- en cognitieve 
problemen en dat luisterproblemen gezien moeten worden als onderdeel van een groter/breder  
ontwikkelingsprobleem. De hoge mate van het samen voorkomen van luisterproblemen met taal-, 
aandacht-, en geheugenproblemen onderstreept het belang van een multidisciplinaire aanpak. Indien er 
sprake is van luisterproblemen is een doorverwijzing naar een multidisciplinair audiologisch centrum dan 
ook op zijn plaats. 

In hoofdstuk 7 wordt een kwalitatieve Delphi-studie, bestaande uit twee rondes, beschreven. Deze 
studie is uitgevoerd om consensus te bereiken binnen een kleine groep logopedisten en audiologen uit 
het klinische veld op het gebied van klinische symptomen, co-morbiditeit en doorverwijzing en mogelijke 
zorgpaden voor kinderen met luisterproblemen. In de Delphi-studie werd consensus bereikt over het punt 
dat APD niet als een afzonderlijke diagnose kan worden gezien en dat luisterproblemen altijd samen lijken 
voor te komen met TOS, dyslexie of ADHD. 

In hoofdstuk 8 wordt de informatie en kennis, die verworven is met de onderzoeken die zijn uitgevoerd 
voor dit proefschrift, vertaald naar de beroepspraktijk in de vorm van een ‘position statement’. Hoofdstuk 
8 presenteert de Engelse vertaling van het Dutch Position Statement Kinderen met Luisterproblemen. 
Dit document is bedoeld als leidraad bij het klinische besluitvormingsproces bij kinderen die, ondanks 
het goed functioneren van het perifere gehoororgaan, naar het audiologisch centrum worden verwezen 
met luisterproblemen. Het Dutch Position Statement Kinderen met Luisterproblemen bestaat uit negen 
stellingen die betrekking hebben op de definitie, verwijzing, diagnose en behandeling van kinderen met 
luisterproblemen. De statements zijn gebaseerd op de resultaten van de twee systematische reviews 
(hoofdstuk 2 en 4), de perspectieven van de Nederlandse professionals (hoofdstuk 6) en de consensus die 
bereikt is met de kleine groep logopedisten en audiologen (hoofdstuk 7). Het Dutch Position Statement 
Kinderen met Luisterproblemen is ontwikkeld in samenwerking met Nederlandse professionals die 
werken met kinderen met luisterproblemen. Het biedt handvatten aan professionals bij het identificeren, 
diagnosticeren en behandelen van kinderen met luisterproblemen. 
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In hoofdstuk 9 worden de voornaamste resultaten en bevindingen uit dit proefschrift samengevat 
en bediscussieerd. Daarnaast worden de implicaties en toekomstperspectieven voor kinderen 
met luisterproblemen en de professionals in het veld beschreven. De aanwezigheid van bepaalde 
gedragscriteria alleen, is niet voldoende voor het stellen van een diagnose. Er zou alleen een diagnose 
moeten worden gesteld als er naast de aanwezigheid van afwijkend gedrag ook duidelijke problemen 
en beperkingen zijn in het dagelijks functioneren en op school. Een mogelijkheid om het klinische 
probleem en de presentatie van het probleem in het dagelijks leven in kaart te brengen, is het, in de 
gezondheidszorg veel gebruikte, ICF-model (International Classification of Functioning, Disability and 
Health of the World Health  
Organization, WHO, 2001; Nederlandse vertaling verschenen in 2002). Het ICF biedt een 
wetenschappelijke basis en gemeenschappelijke taal waarmee het functioneren van mensen en de 
eventuele 
problemen die mensen in het functioneren beperken, te beschrijven zijn (RIVM, n.d.). De luister-
problemen van het kind kunnen het best worden beschreven in het ICF-domein Activiteit en participatie. 
Door het ICF-raamwerk te gebruiken, kunnen alle symptomen, of ze nu auditief zijn of niet, worden 
beschreven. Daarnaast moet er een interprofessionele samenwerking zijn om de problemen van het 
kind vanuit verschillende perspectieven in kaart te brengen. Omdat audiologische centra in Nederland al 
zijn opgezet als multidisciplinaire centra, wordt multidisciplinaire diagnostiek bij kinderen met complexe 
problemen in Nederland veelal al uitgevoerd. 

CONCLUSIE
Op basis van de resultaten van de verschillende studies die beschreven zijn in dit proefschrift, concludeer 
ik dat luisterproblemen bestaan bij kinderen en dat deze problemen serieus moeten worden genomen. Er 
is geen bewijs gevonden voor de veronderstelling dat de luisterproblemen worden veroorzaakt door een 
defect in enkel het auditieve systeem (bottom-up verwerking). Zowel bottom-up sensorische processen 
als top-down cognitieve processen lijken een belangrijke rol te spelen bij de luisterproblemen. De studies 
gepresenteerd in dit proefschrift suggereren dat luisterproblemen bij kinderen multifactorieel van aard zijn 
en mogelijk een gevolg zijn van cognitieve (intelligentie, aandacht en werkgeheugen), taal en auditieve 
en visuele problemen in plaats van dat de luisterproblemen beperkt te zijn tot auditieve verwerkings-
problemen. 

Er kan niet worden geconcludeerd dat APD onderscheiden kan worden van andere 
ontwikkelingsstoornissen, zoals TOS, dyslexie en ADHD. APD kan daarom ook niet worden beschouwd 
als een unieke klinische entiteit. De verschillende neurologische ontwikkelingsstoornissen zouden 
geconceptualiseerd kunnen worden als een meer algemene neurologische ontwikkelingsstoornis, waarbij 
de kenmerken van kinderen met verschillende problemen dienen als een marker die in een continuüm 
van ernst kan worden uitgedrukt. De diagnostische term "APD" veronderstelt dat er sprake is van een 
puur auditief verwerkingstekort. Op basis van de studies uit dit proefschrift kan niet geconcludeerd 
worden dat er sprake is van een puur auditief verwerkingstekort. Het diagnostische label APD is daarom 
niet geschikt om luisterproblemen bij kinderen te classificeren.
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DANKWOORD

Een proefschrift is mijns inziens niet compleet zonder een dankwoord. Aangezien dit proefschrift al de 
nodige pagina’s beslaat, ga ik proberen het kort te houden. De mensen die in meer of mindere mate 
betrokken zijn geweest bij mijn promotieonderzoek weten dat ‘het kort houden’ een hele uitdaging is 
voor mij en waarschijnlijk ook niet gaat lukken. 

Professor dr. P. van Dijk. Beste Pim, sinds december 2012 ben je betrokken bij mijn promotieonderzoek 
en zonder jouw inhoudelijke kennis, enthousiasme en eerlijke oprechte mening weet ik niet of het mij 
gelukt was om mijn promotieonderzoek tot een goed einde te brengen. Ik waardeer jouw stijl van 
begeleiden en manier van feedback geven en ik heb niet alleen als wetenschapper, maar ook als docent 
veel van je geleerd. Bedankt voor je vertrouwen in mij en voor de juiste woorden op de juiste momenten! 

Professor dr. B. Steenbergen. Beste Bert, jij bent vanaf het prille begin betrokken bij mijn 
promotieonderzoek (laten we maar niet vermelden vanaf wanneer dat precies was ;-) ). Vanuit Nijmegen 
was jij aanwezig via mail, Skype of telefoon en met je Groningse nuchterheid en meestal weinig woorden 
wist jij mij te stimuleren om een artikel nog beter en mooier te maken. Je hebt mij voortdurend het 
vertrouwen gegeven dat het goed zou komen en stond naast mij wanneer dit nodig was. Bedankt, je 
bent een ontzettend fijne begeleider!  

Dr. M. Luinge. Lieve Margreet, zonder jou waren de letters die ik nu schrijf nooit op papier gekomen. Jij 
hebt mij gestimuleerd om het onderzoek te starten en om promotieonderzoek te gaan doen. De basis 
voor dit onderzoek ligt bij de RAAK-aanvraag die wij in 2010 samen hebben geschreven en toegekend 
hebben gekregen. Ik had toen niet kunnen dromen dat dit uiteindelijk zou resulteren in dit mooie 
proefschrift. Jij hebt altijd, maar dan ook echt altijd, het vertrouwen in mij gehad en hebt mij meerdere 
keren uit een klein, toch wel diep, dalletje gehaald. Zonder jouw motiverende gesprekken was ik er al 
lang mee gestopt. Je hebt oog voor de mens achter de wetenschapper en je hebt ervoor gezorgd dat 
ik ook nog een leven naast het onderzoek had. Ik heb beloofd om het kort te houden, maar eigenlijk 
verdien je een hele pagina in dit dankwoord! 

De afgelopen jaren zijn meerdere mensen betrokken geweest bij de uitvoering van mijn onderzoek en bij 
het schrijven van mijn artikelen. 
Alle kinderen en ouders die hebben deelgenomen aan mijn onderzoek wil ik heel hartelijk danken voor 
hun tijd. Zonder jullie inzet was de studie uit hoofdstuk 5 niet mogelijk geweest. Dank ook aan Johan 
Dekelver van Adelante Audiologie & Communicatie en Celine Bernaerdt van Libra Revalidatie & 
Audiologie voor de prettige samenwerking en het regelen van proefpersonen voor het onderzoek. 
Vanzelfsprekend ook veel dank aan alle professionals van de Nederlandse audiologische centra die een 
bijdrage hebben geleverd aan de studies in dit proefschrift voor hun tijd, kennis en waardevolle input. 
Dit geldt ook voor de Federatie van Nederlandse Audiologische Centra (FENAC), in het bijzonder Nic van 
Son. Mijn co-auteurs wil ik bedanken voor hun wetenschappelijke input, feedback en bijdrage aan de 
artikelen. De studenten van de opleiding Logopedie van de Hanzehogeschool Groningen en de studenten 
van de opleiding Taalwetenschap van de Rijksuniversiteit Groningen die hebben meegeholpen met 
het uitvoeren van het onderzoek en hun bachelor- of masterscriptie over hetzelfde onderwerp hebben 
geschreven, wil ik bedanken voor hun inzet en soms verfrissende kijk op het onderwerp van mijn 
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proefschrift. Dr. Karin Neijenhuis wil ik bedanken voor haar waardevolle input, eerlijkheid, nauw-
keurigheid en discussies die ik met haar heb mogen voeren over het onderwerp auditieve verwerkings-
problemen. Ik hoop dat wij in de toekomst nog veel vaker met elkaar mogen samenwerken! Dr. Bea Spek 
en haar man Paul wil ik bedanken voor hun hulp bij het maken van de scripts voor R Statistics. De leden 
van de beoordelingscommissie, prof. dr. N.M. Jansonius, prof. dr. P.A.M. Gerrits en prof. dr. D. Moore wil 
ik bedanken voor het grondig lezen en beoordelen van mijn manuscript. 

De Nederlandse Organisatie voor Wetenschappelijk Onderzoek (NWO) wil ik hartelijk danken voor het 
financieren van mijn promotieonderzoek door middel van het beschikbaar stellen van de Promotiebeurs 
voor leraren. Door deze beurs was het mogelijk om, naast mijn docentschap bij de opleiding Logopedie, 
twee dagen per week aan mijn onderzoek te werken. Hierbij past ook een dank aan het College van 
Bestuur van de Hanzehogeschool Groningen en de Rijksuniversiteit Groningen voor het beschikbaar 
stellen van budget en tijd in de eerste jaren van mijn promotieonderzoek. Voor het faciliteren en juist 
inplannen van de les- en onderzoeksdagen wil ik graag mijn huidige teamleider van de Hanzehogeschool 
Sake van der Ploeg en mijn ex-teamleider André Oosterhof bedanken. Daarnaast ook dank aan de 
Dean en ex-Dean van de Academie voor Gezondheidsstudies, de heer Arwin Nimis en mevrouw Geiske 
Steendam.

Mijn lieve collega’s en alle oud-collega’s van de opleiding Logopedie wil ik bedanken voor hun tomeloze 
interesse in mijn onderzoek en bemoedigende woorden. Jullie zorgden de laatste jaren voor de nodige 
afleiding en relativering. Door jullie kon ik mijn onderzoek af en toe vergeten, wat op zijn tijd ook echt 
nodig was. Het is heerlijk om met zoveel fijne en lieve mensen te werken. Mijn ‘vakgroepmatties’ van de 
vakgroep SpraakTaal: Aafke, Frances, Margot, Susanne en ook Bea, Inge en Nynke verdienen hier een 
plekje. Bedankt voor het opvangen van taken die ik de laatste jaren niet kon uitvoeren, doordat ik met 
mijn onderzoek bezig was. Ik ben er weer hoor!

De medewerkers van het Facilitair Bedrijf van de Academie voor Gezondheidsstudies wil ik allen 
bedanken voor hun dienstverlening en service.

Ook wil ik alle (oud-)collega’s van de onderzoeksgroepen van de lectoraten Kind, Taal & Ontwikkeling, 
Healthy Ageing, Allied Health Care and Nursing en Jeugd, Educatie en Samenleving en van de 
afdeling Keel-, Neus- en Oorheelkunde van het UMCG bedanken voor de hulp, feedback en het 
stellen van kritische vragen. Het liefst zou ik jullie allemaal persoonlijk bedanken, maar dan wordt dit 
dankwoord echt veel te lang. Mechteld wil ik bedanken voor haar relativerende opmerkingen en de 
productieve en gezellige werkvakanties op Schier en in het Hof van Saksen. De periodieke beschikking 
over een afgelegen vakantiehuisje zou inderdaad een secundaire arbeidsvoorwaarde moeten zijn bij 
ieder promotietraject. Alle collega logopedisten van Kwaliteitskring 65 uit Groningen en de collega-
logopedisten uit het werkveld en logopediewetenschappers die de afgelopen jaren interesse hebben 
getoond in mijn onderzoek wil ik bedanken voor hun klinische en kritische blik. 

Martijn, Mottow, bedankt voor de snelle en plezierige samenwerking bij het opmaken en vormgeven van 
mijn proefschrift. Karin, bedankt voor het nakijken en corrigeren van mijn Nederlandse samenvatting en 
dankwoord. Hendrik, jij hebt de inhoud van mijn proefschrift weten te vangen in één beeld. Bedankt voor 
de mooie illustratie.  
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Dankwoord

Willemke, je bent een grote steun voor mij geweest de afgelopen jaren. Samen hebben we elkaar er 
doorheen gesleept en lief en leed met elkaar gedeeld. We hebben denk ik in alle onderzoekskamers 
die het Wiebenga de afgelopen jaren heeft gehad aan onze onderzoeken gewerkt, maar in alle ruimtes 
zorgde jij altijd voor een goeie (onderzoeks)mindset. Bedankt voor alle gezelligheid, de broodjes Ben, 
de zuivel en de gezonde wandelingen in de buurt van het Wiebenga die tot veel mooie, bijzondere en 
ontroerende gesprekken hebben geleid. En ik vind het zo leuk dat jij nu ook moeder wordt :-). In verband 
met je naderende zwangerschapsverlof, wordt het spannend of je er wel of niet bij kunt zijn op de dag 
van de verdediging, maar hierdoor ben je denk ik wel de enige opperparanimf die Groningen kent. Ik ben 
ontzettend blij met je ondersteuning in de aanloop naar mijn verdediging.  

Margot en Laura, wat fijn dat jullie mijn paranimfen willen zijn. Lieve Margot, jij kent als co-auteur van 
een aantal artikelen uit dit proefschrift, als collega-docent en mede-onderzoeker de inhoud van mijn 
onderzoek en de strubbeling die daarbij horen ontzettend goed. Daarnaast weet je precies hoe het voelt 
om promotieonderzoek te doen naast het docentschap. Je bent al betrokken bij mijn onderzoek sinds 
de start van het RAAK-project. Samen hebben we meerdere internationale congressen bezocht en mijn 
eerste presentatie op een wetenschappelijk congres was een duo-presentatie met jou. Met jou aan mijn 
zijde weet ik zeker dat de verdediging goed gaat komen, want ik hoef maar naar je te kijken en ik weet 
of mijn antwoord juist is. Lieve Lau, ik vind het heel fijn dat jij deze grote dag samen met mij wilt beleven 
en ik beloof je dat ik niet zal flauwvallen. Mocht dit onverhoopt toch gebeuren, dan weet ik dat ik aan 
jou als kinder-IC-verpleegkundige een goeie heb. Jij zorgde de afgelopen jaren voor de nodige afleiding, 
gezelligheid en een luisterend oor. Iedere maand één of twee keer spareribs eten bij Mr. Mofongo 
met één glas rode wijn en een cola waarbij we de leuke en minder leuke momenten van het leven 
konden doornemen, en de tripjes naar Ibiza, hebben ervoor gezorgd dat ik gemotiveerd bleef voor mijn 
onderzoek. Bedankt daarvoor! En die spareribs houden we erin.  

Voor langere tijd werken aan een promotieonderzoek is alleen vol te houden met de nodige afleiding op 
zijn tijd. Vrienden en familie zijn hierbij een onmisbare factor. Al mijn vrienden wil ik bedanken voor alle 
leuke momenten en uitjes. In het bijzonder wil ik mijn lieve vriendinnen Leonie, Laura en Marjon 
bedanken voor hun interesse. Al die jaren zijn jullie blijven vragen hoe het ging met mijn onderzoek en 
hebben jullie geïnteresseerd geluisterd naar mijn onderzoeksperikelen. Dit geldt ook voor mijn oud-
collega’s en vrienden van De Cateraars, Akkerman, Annemieke, Bos, Emmens, Leij, Maeyke, Oos en P, 
het is nu echt eindelijk af! Iedereen die de laatste jaren aanwezig is geweest bij het jaarlijkse weekendje 
achter de bar werken tijdens de Koale Kermis in Ootmarsum wil ik bedanken voor de gezelligheid, lekkere 
drankjes, afleiding en uiteraard voor de vrolijke start van iedere dag van het jaar in onze appgroep. Moi, 
ik heb nu al zin in dit jaar! 

Frank, mijn ‘kleine’ broer, zijn vriendin Esther en hun twee kinderen Jens en Nine wil ik bedanken voor de 
mooie familiemomenten, de gezamenlijke vakanties en dagjes weg op Vlieland en hun begrip voor als ik 
weer eens een beetje druk was! 

Papa en mama bedankt voor jullie onvoorwaardelijke steun en liefde. Jullie hebben ervoor gezorgd dat ik 
altijd in mijzelf ben blijven geloven. Mama, jij hebt altijd gezorgd voor een stabiele, veilige en liefdevolle 
basis met rust, reinheid en regelmaat. Papa, jij hebt mij altijd gestimuleerd om door te studeren, mezelf 
te blijven ontwikkelen en je hebt mij gemotiveerd om verder te kijken dan mijn neus lang is. Bedankt 
daarvoor!
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Lieve Bert, jij hebt mij al die jaren ondersteund en ervoor gezorgd dat ik goed te eten kreeg en niet 
tot diep in de nacht doorwerkte. Zonder jou had ik waarschijnlijk al die jaren iedere dag sla met een 
satéschnitzel gegeten. Bedankt voor je zorgzaamheid. Het is nu echt klaar en ik beloof je dat ik niet nog 
een keer zal promoveren. 

Lieve Izzi, zo klein als je bent, zo groot is je bijdrage aan dit proefschrift. Door jou is dit boekje nu af. Als 
baby in mijn buik heb je mij weten te motiveren en stimuleren om dit proefschrift af te maken. En ook nu 
ben je er gezellig bij als ik bezig ben met de afrondende zaken voor mijn promotie. Vanaf nu heb ik alle 
tijd en aandacht voor jou lieve schat!    
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