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Introduction: Hearing loss in adults has a pervasive impact on health and well-being. Its effects on everyday listening and communication can directly influence participation across multiple spheres of life. These impacts, however, remain poorly assessed within clinical settings. Whilst various tests and questionnaires that measure listening and communication abilities are available, there is a lack of consensus about which measures assess the factors that are most relevant to optimising auditory rehabilitation. This study aimed to map current measures used in published studies to evaluate listening skills needed for oral communication in adults with hearing loss.

Methods: A scoping review was conducted using systematic searches in Medline, EMBASE, Web of Science and Google Scholar to retrieve peer-reviewed articles that used one or more linguistic-based measure necessary to oral communication in adults with hearing loss. The range of measures identified and their frequency where charted in relation to auditory hierarchies, linguistic domains, health status domains, and associated neuropsychological and cognitive domains.

Results: 9121 articles were identified and 2579 articles that reported on 6714 discrete measures were included for further analysis. The predominant linguistic-based measure reported was word or sentence identification in quiet (65.9%). In contrast, discourse-based measures were used in 2.7% of the articles included. Of the included studies, 36.6% used a self-reported instrument purporting to measures of listening for communication. Consistent with previous studies, a large number of self-reported measures were identified (n = 139), but 60.4% of these measures were used in only one study and 80.7% were cited five times or fewer.

Discussion: Current measures used in published studies to assess listening abilities relevant to oral communication target a narrow set of domains. Concepts of communicative interaction have limited representation in current measurement. The lack of measurement consensus and heterogeneity amongst the assessments limit comparisons across studies. Furthermore, extracted measures rarely consider the broader linguistic, cognitive and interactive elements of communication. Consequently, existing measures may have limited clinical application if assessing the listening-related skills required for communication in daily life, as experienced by adults with hearing loss.
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INTRODUCTION

Communication forms the foundation of social interaction. For adults, communication is recognised as a critical component to adapting and adjusting to aging, essential to maintaining independence and personal relationships, performing social roles and functions, making decisions and having control over life quality (Heinrich et al., 2016). While language use and structure change across the life span, conversational skills are generally preserved in typically aging adults (Shadden, 1988). Aging, however, is associated with an increased prevalence of conditions that affect communication, of which hearing loss is the most prevalent (Wallhagen and Pettengill, 2008). The effect of impaired communication is linked to several aspects of social relationships and psychological well-being. For example, Palmer et al. (2019) demonstrated that communication impairment is an independent predictor for reduced social integration and participation, increased levels of loneliness and depression, and reduced social self-efficacy. Findings from this work are not isolated, Keidser et al. (2015) and Sung et al. (2016) emphasise the importance of communication as the conduit for social connection and its associated health and well-being impacts.

Oral communication is dynamic, spanning multiple interconnected domains of hearing, listening, language and cognition and is overlayed by contextual nuances that make up real-world communication. Listening experiences underpin the development and use of this dynamic complex (Nittrouer, 2002; Kuhl and Rivera-Gaxiola, 2008); hence, disruptions in listening caused by hearing loss can have broad impacts across this communication complex. The significant gap between traditional measures of hearing loss, such as hearing thresholds, and the pervasive expression of its effects across oral communication and social participation for an individual (Ambert-Dahan et al., 2018; Lin, 2020) fails to provide individuals (or their hearing healthcare professionals) with an understanding of one’s full communication capacity (Manchaiah, 2017).

For adults with hearing loss, listening and communication ability are rarely measured in the context they are experienced (Beechey et al., 2019). From a diagnostic and device fitting perspective, standards are principally and necessarily focused toward measures of hearing impairment that enable a comparable numeric representation of hearing acuity. Assessments such as audiometric threshold measures provide a sensitive and valid representation of changes within the auditory pathway. However, these measures are associated with the integrity of the peripheral auditory pathway, thereby separating hearing from its role as part of a complex brain network, one that both precedes and provides the basis for listening (Stewart and Arnold, 2018). Clinically, the limitations of hearing measurement are commonly addressed with the inclusion of speech audiometry, which requires the listener to repeat single words or brief sentences. While also sensitive to changes in auditory function, speech-based measures involve the engagement of components of the complex brain network of listening, such as attention and linguistic knowledge. It is therefore logical to infer that this type of assessment adequately reflects the requirements of listening for communication.

Effective communication relates to the complex and interwoven systems that enable adults to participate, ask and answer questions, comment and understand indirect and often abstract language. To achieve this, adults need to be competent across the linguistic, social, and cognitive complexes that define and constitute communication. Additionally, real-world processing of acoustic information is strongly influenced by environmental, linguistic, contextual and production (speaker) factors (Gifford and Revit, 2010; Klatte et al., 2010). These factors affect the interpretation of speech signals and require cognitive mechanisms to engage, compensate and resolve frequent ambiguity (Rönnberg et al., 2013; Guediche et al., 2014; Baskent et al., 2016). Understanding this relationship has become an increasingly important consideration in the field of hearing, as listeners vary significantly in their ability to understand speech in complex environments and traditional audiological assessment can only partly explain this variation (Pichora-Fuller, 2003; Anderson and Kraus, 2010; Rönnerg et al., 2016).

Defining listening function in terms of a dynamic communicative complex has broad implications for both the individual and clinical practice. A reductionist conceptualisation of listening focussed on hearing impairment not only limits our understanding of how listening is experienced for an individual but may also fail to demonstrate the impacts of hearing impairment as a social, health and economic priority (Deloitte Access Economics, 2017; World Health Organization, 2017). In general, clinical audiology services are increasingly aware of the need to adapt hearing evaluations toward a more person-centred ideal (Boisvert et al., 2017). Measures that fully explore and provide an understanding of an individual’s needs and prognosis in relation to different audiological interventions, however, seem to be lacking, which can affect the adoption and development of technology and rehabilitation programs (Rudner, 2016; Hughes et al., 2017).

The concern about the limitations of existing measures to adequately assess communication function in adults with hearing loss is not new (Cox et al., 2000; Moberly et al., 2018a). It is unclear, however, how knowledge of these limitations has influenced recent studies that assess functional abilities in adults with hearing loss. While self-report instruments have been identified as measures that could bridge assessment gaps (Rivera et al., 2019; Shao et al., 2020), the constructs of listening and communication do not appear to be well conceptualised within existing self-reported measures for adults with hearing loss. In view of this, this scoping review aimed to identify measures used in recently published studies to evaluate skills that are necessary for oral communication in adults with hearing loss, and to map these measures in relation to constructs of listening and communication to assess potential gaps or biases in measurement.



METHODOLOGY

This study used a systematic scoping review approach guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analysis extension for Scoping Reviews [PRISMA-ScR; 22] (Tricco et al., 2018).


Eligibility Criteria

Published studies were included in this review if participants were adults (18 years and over) who reported or had been identified as having any hearing difficulty. The assessments used within the study had to meet the following criteria: 1) linguistic-based measurement relevant to oral communication, AND 2) behavioural or self-report measures of listening abilities, with listening ability defined as the conscious processing and response to an auditory stimulus. Cognitive assessments that included an auditory function element in the assessment of abilities [for example: Montreal Cognitive Assessment (MoCA)] were also included. Studies measuring vestibular function, tinnitus or hyperacusis (classified as additional symptoms as opposed to hearing or listening ability), device output measures, measures of hearing sensitivity only (e.g., detection thresholds), detection-based localisation, physiological or anatomical measures, and music-based measures that did not include a behavioural or self-reported linguistic measure of listening ability relevant to oral communication were excluded. To focus the review on listening assessments that were more likely to be used with hard-of-hearing adult participants, studies that included both paediatric and adult data were excluded as were studies with a sample size of fewer than ten hard-of-hearing adults.



Information Sources

A systematic search of databases [Medline (Ovid), EMBASE (Ovid), Web of Science Core Collection (Web of Science) and Google Scholar] was initially performed in September 2018 and repeated in December 2019. This combination of four databases was selected in accordance with Bramer et al. (2017) findings which demonstrated a retrieval performance of 98.3% for systematic searches using this combination. Search terms and strategy were devised and supported with the assistance of a research librarian at Macquarie University. Keyword and related MeSH terms relevant to ‘oral-communication’, ‘listening’ and ‘hearing’ were combined with terms associated with ‘hearing loss’ and ‘measurement’. The search strategy was limited by year of publication (2008-current) to focus on contemporary studies, and avoid duplication with a previous comprehensive systematic review of hearing outcome measures (Granberg et al., 2014). Publication language was limited to English; however, the assessment language was not restricted in the search criteria. The final search strategy applied with Medline (Ovid) is shown in Supplementary Material 1. The results of the searches were uploaded into the reference management software, Endnote X9.2 (Clarivate Analytics, Boston, MA, United States). Duplicates were removed and the remaining abstracts imported into Covidence (Covidence1) online systematic review management software. Deduplication was repeated in Covidence to ensure all duplicate records were removed prior to screening.



Selection of Sources of Evidence

The main author (KN) and two research assistants (RF, RK) were involved in the screening of studies against the eligibility criteria. Each study was independently screened by a minimum of two reviewers. An initial screening of titles and abstracts was conducted to remove records of studies that were out of scope for this review. Full-text screening was conducted for the remaining records. Excluded records were labelled with a reason for their exclusion. Reviewers flagged any study that did not clearly meet the inclusion or exclusion criteria. Reasons for ambiguity, such as studies that indicated audiological or functional assessment but did not specify the measurements used, were labelled accordingly and retained or removed following a discussion between the reviewers. Persistent discrepancies at all stages were managed in consultation with a third reviewer (IB), with final decisions regarding study inclusion or exclusion reached through consensus-based discussion. Because this review aimed to identify measures used within published studies, critical appraisal of the methodological quality of the included studies was not considered relevant to the aims of the review and not undertaken.



Data Charting Process

All eligible studies were charted independently by two members of the review team. Percentage agreement was used to determine inter-rater agreement and consistency. This was set as a minimum of 90% agreement, that is, 10% or less of charted items being categorised as a conflict (McHugh, 2012). Unclear or ambiguous information about measures used within a study was clarified by retrieving and reviewing the source measure (for example, the specific questionnaire used within a study).


Coding Framework and Data Items

Data charting focused on extracting details of the assessment measures used in each study and study-specific information. Charting of assessment measures began by using the study tags within Covidence, and the charting of items was further refined using Microsoft Excel (2020). A bespoke coding framework to support data-charting was developed and piloted with 300 studies before being refined. All piloted studies were rescreened by two reviewers (KN, RF) to ensure that the refined coding scheme captured the relevant components. The coding framework (Table 1) was designed to categorise measures as: (1) measures of linguistic constructs of functional listening relevant for communication; (2) self-report measures; and (3) cognitive measures.


TABLE 1. Coding framework to categorise each measure used within the included studies.

[image: Table 1]
For linguistic measures, key categories were derived initially based on a hierarchy of language unit components (i.e., from phonemes to discourse) and the level of auditory processing required (Estabrooks et al., 2020). Levels within the auditory hierarchy were defined as speech detection (the awareness of speech sounds), speech discrimination (the detection of changes in the acoustic stimuli), speech identification (the recognition of speech sounds, no semantic processing required; repetition of the stimuli), and speech comprehension (attaching meaning to the acoustic stimuli) (Erber, 1982; Thibodeau, 2007). Additional characteristics such as stimulus complexity (i.e., presented in quiet or in noise) were also extracted.

Charting of self-report measures identified hearing-specific measures as well as generic self-report measures that stated or implied the inclusion of auditory items relating to oral communication and functional language use. Charting included characteristics of the self-report measures such as single item, study-specific versus existing measure, and administration mode. Study-specific refers to measures that have been specifically developed or adapted (from existing formal assessment measures) for the purpose of a specific study. Formal measure describes previously published self-report assessments that are used within clinical studies and audiology clinics. All formal self-report measures where included irrespective of the extent of any psychometric evaluation of their measurement properties. When available, the target construct of study-specific measures [e.g., quality of life (QoL) or disability measurement] was extracted. For studies using published questionnaires, this information was reported based on the original description of the assessment, and classified into health status outcome domains. Health status domains reflect the status of individuals, in terms of conditions, functioning, and well-being. Categorisation into health status outcomes was derived from the principal description by the developers of respective measures, or from the description in the included studies from which the data was extracted (Barker et al., 2015; Madans and Webster, 2015). All accessible self-report measures, excluding study-specific measures, were sourced from the studies’ attached appendices, original development papers or through correspondence with authors, for the items (individual questions) of each measure to be extracted for further analysis.

Cognitive measures that included a functional auditory element were identified and coded according to the six neurocognitive domains specified in The Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; American Psychiatric Association, 2013). The six principal domains as stated in the DSM-5 are: complex attention, executive function, learning and memory, language, social cognition and perceptual-motor function. The methods sections of the included articles were used to clarify the targeted cognitive domains for any tests that could be administered in more than one way. For example, the digit span test can be used to assess either forward or backward recall, which relate to different neurocognitive domains. Cognitive screening tests, which typically assess multiple domains, and studies in which three or more domain-specific diagnostic measures were used were categorised as multi-domain measures (screening) or multi-domain measures (diagnostic) respectively. The code “Unspecified” was used when studies did not provide sufficient information to determine the cognitive domain associated with the measures used. Publication details (year of publication), assessment language (English or Non-English), the dataset country of origin, study sample size, and hearing devices used by participants were also charted.




Data Synthesis

Descriptive analyses were conducted to: (1) provide an overview of the types and frequency of measures used for the assessment of listening and communication in clinical studies; (2) determine if the representation of measurement types changed across time; and to (3) compare the content of assessments and their underlying constructs in comparison with broader constructs of functional listening and communication as described in the literature. Measures using speech-based stimuli were categorised according to: (1) a language unit hierarchy from the phonemic unit (minimal) to the discourse unit (maximal), and (2) an auditory hierarchy from speech detection (minimal) to comprehension (maximal). Division into these units was chosen to reflect the broad terms used to identify speech-based assessment material, the associated complexities related to appraising the details of the stimulus used (phoneme, word, sentence, discourse), and what was measured in relation to the task requested from the listener (imitation or comprehension). The distinction between imitation and comprehension, the targeted language unit and the auditory context (quiet/noise) represents different levels of listening complexity and engagement of cognitive mechanisms (Rodd et al., 2012; Moberly and Reed, 2019), factors key to determining the relationship of these measures to functional listening and communication. Data analyses and figures were prepared using a combination of Tableau Public (Tableau Public2) and Microsoft Excel (2020).




RESULTS


Included Studies

Details of search results and screening processes are shown in the Preferred Reporting Items for Systematic Reviews (PRISMA) diagram (Figure 1). From 16,069 records identified through the database and grey literature search, 6,948 duplicates were removed. The remaining 9,121 studies’ titles and abstracts were reviewed against the inclusion criteria. Of these, 6,273 studies were excluded. A full text screening of the 2,848 potentially eligible studies resulted in an additional 269 exclusions, leaving 2,579 studies which included adults with hearing difficulties and contained a linguistic measurement relevant to oral communication.
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FIGURE 1. Preferred Reporting Items of Systematic Reviews and Meta-Analyses (PRISMA) flow diagram (Moher et al., 2009).




Study Characteristics

Overall, the number of studies that met the inclusion criteria increased during the period assessed (see Figure 2). Data originated from 41 countries with the United States of America (n = 719 articles; 27.9%), the United Kingdom (n = 196 articles; 7.6%), and Netherlands (n = 172 articles; 6.7%) being the most represented. Two hundred and eighty-three studies (11.0%) presented data collected across multiple countries. Grouping by continent revealed that most publications originated from Europe (n = 1023, 39.7%) followed by the Americas (n = 928, 36.0%). Within the 2,579 included studies, 34.6% (n = 892) of the measures were presented in a language other than English. Participant numbers ranged from 10 (minimum specified in inclusion criteria) to 7,210,535. Most studies used a small number of participants with a group sample size of 10-25 participants accounting for 31.5% and 26–100 participants for 35.7% of studies, respectively. Larger population-based studies (n > 1000) were represented 10.1% of the included studies.
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FIGURE 2. Percentage of included articles by year of publication 2008–2019.




Characteristics of Measures Used Within the Included Studies

In total, 6,714 discrete assessment measures were extracted from the 2,579 included studies and charted in relation to the type of measure used (Figure 3) and their linguistic properties (Table 2). Detection-based responses [indicating the presence or absence of stimuli (tonal or other)] though not targeted for this review, were found in 74.7% of the included studies (n = 1927/2579).
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FIGURE 3. Percentage of assessment measures (total n = 6714) by category (vertical axis) identified in the included studies (n = 2579 studies). Charting categorisation details for specific measurement categories (Word/Sentence; Linguistic units; Self-report measures; and Cognitive measures) are presented in Table 2.



TABLE 2. A. Word and sentence measures by auditory hierarchy; B. Linguistic measures by linguistic domain; C. Self-report measures by health status domain; and D. Cognitive measures by neuropsychological cognitive domain. Word/sentence measures are depicted as a total group (Word/sentence) and by presentation in either quiet [Word/sentence (quiet)] or noise [Word/sentence (noise)]. Percentages exceed 100% due to multiple measures used within studies.
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Speech-Based Measures

The majority of studies (n = 2178/2579, 84.5%) included a word or sentence measure, which accounted for 32.4% (n = 6714) of the total measures identified. The most frequently used language unit was word or sentence identification presented in quiet (WSQ) (n = 1699/2579; 65.9%) followed by word or sentence identification in noise (WSN) (n = 1407/2579; 54.6%). Discourse-based measures, that extend beyond a single sentence and reflect the form and function of language in the social context, had the smallest representation with only 2.7% (n = 69/2579) of studies. One-hundred and fifty-nine studies (6.2%) used a phonemic (smallest language unit) measure. The phoneme-based measures were from studies that specifically stated the use of phonemes as an individual measure or directly reported on phonemic outcomes as a separate language unit derived from word or sentence stimuli. The upper part of Figure 3 illustrates the different categories of measures that used a speech-based stimuli.

When charting the word and sentence measures in relation to the auditory hierarchy (Table 2A), a high representation of speech recognition measures was found (n = 1968; 90.4%) in comparison to measures of speech comprehension (n = 72; 3.3%). Studies that used multiple levels of measurement, such as speech discrimination and speech comprehension, were categorised according to the highest auditory hierarchy level represented by the measures. Speech discrimination was used in 6.1% (n = 132) of the studies and only five studies (0.2%) used word or sentence stimuli as a speech detection task.

A few studies reported on linguistic measurement aspects complementary to, or as a related functional characterisation of, speech-based stimuli (n = 165/2579; 6.4%). Acceptable noise level judgement (ANLJ) tests that used speech material as the target stimuli were included in this grouping. Table 2B displays the other linguistic measures, found in 165 articles, categorised into their related linguistic domain. Suprasegmental features were assessed most often (35.8%; n = 59/165), including both non-tonal (28.5%; n = 47/165) and tonal languages (7.3%; n = 12/165). Paralinguistic cues (aspects of spoken communication that add emphasis and meaning but are not in words, such as gesture and body language, conversational proximity, mood) were assessed the least (9.7%, n = 16/165).



Cognitive Measures

Measures of cognition were found in 13.3% (n = 343) of all included studies (Table 2D). Eighty-seven studies (25.4%) used a cognitive measure that targeted a single cognitive domain. Multi-domain diagnostic cognitive measures were reported most commonly (n = 135/343; 39.4%), with screening measures (single measures that assess multiple cognitive domains) used in 33.5% studies (n = 115). The most frequently used cognitive screening measure was the Mini-Mental State Examination (MMSE) (Folstein et al., 1975; Lacritz and Hom, 1996). All reported cognitive measures were categorised into the target neurocognitive domains per the DSM-5. According to DSM-5 categorisation, 41.4% of studies (n = 142) included a specific measure of executive function (which encompasses planning, decision making, working memory, responding to feedback/error correction, overriding habits/inhibition and mental flexibility). Measures of complex attention (including evaluation of sustained attention, divided attention, selective attention and processing speed) were present in 30.0% (n = 103/343) of studies utilising cognitive measures. Measures of language were used in 20.4% of studies (n = 71/343) and measures of learning and memory in 14.6% (n = 50/343) of studies. Measures of social cognition (such as assessment of emotion and theory of mind) were limited, with 2.0% (n = 7/343) of studies reporting measures related to this DSM-5 domain. Six studies, labelled as “unspecified,” did not state the specific cognitive measure used or provided inadequate methodological information, preventing DSM-5 domain allocation during data charting.



Self-Report Measures

One or more self-report measures were used in 945 of all included studies (36.6%; n = 945/2579). Including all previously published self-report measures (study-specific questionnaires, as well as single-question self-report measures), a total of 1306 self-report measures were found across 945 studies. A total of 139 previously published self-report measures, classified as either condition-specific (76.9%; n = 107/139) or generic (23.0%; n = 32/139), were extracted and subsequently categorised in terms of health status outcomes, based on Barker et al. (2015), Madans and Webster (2015) (Table 2C). These domains included: (1) communication; (2) device benefit; (3) disability; (4) health; (5) physiological; (6) psychological; (7) quality of life, and (8) other. As ambiguity exists in relation to definitions for constructs such as disability and quality of life, a number of self-report measures were found to cover multiple constructs. Detailed discussion relating to this issue is beyond the scope of this review but interested readers can refer to Eyssen et al. (2011), Milton (2013) for more information. For this review, disability was used as an umbrella term to encompass impairments, activity limitations, and participation restrictions as linked constructs (World Health Organization, 2001).

Condition-specific (auditory) disability represented 31.2% (n = 408/1306) of self-report measures, followed by measures of device benefit (21.2%; n = 277/1306). Measures targetting communication as the primary construct accounted for 1.3% (n = 18/1306) of the self-report measures used. Over 70% (n = 664/945) of studies used a single self-report measure, 20.0% (n = 189/945) used two self-report measures, 7.1% (n = 68/945) three self-report measures, 2.0% (n = 19/945) four self-report measures, and 0.4% (n = 4/945) used four or more self-report measures. Of the formal self-report measures identified across studies, the majority n = 84/139 (60.4%) were used in a single study. In total, 80.5% (n = 112/139) of formal measures were cited five times or fewer, indicating a lack of consistency in the selection of self-report measures in clinical studies. Measures designed explicitly for a study (i.e., study-specific) were the self-reported measures used in most studies (n = 315/945; 33.3%). The most frequently used psychometrically validated measures were the Speech, Spatial and Qualities of hearing (SSQ) scale (Gatehouse and Noble, 2004), the Abbreviated Profile of Hearing Aid Benefit [APHAB; (Cox and Alexander, 1995)] and the Hearing Handicap Inventory for the Elderly [HHIE; (Ventry and Weinstein, 1982)].



Representation of Assessment Measures Within Individual Studies

To assess whether the makeup of communication-relevant measures used in published studies had changed over time, the number of measures, categorised by measurement type, used in studies per year was graphed (Figure 4). While the total number of publications increased over time (Figure 2), the distribution of measures by measure type remained relatively consistent. Word and sentence measures, specifically measures in quiet, were the most frequently used assessment measure each year. When measures were grouped by measurement type, comparison of measures across years demonstrated the relatively narrow range of variability within groupings. There was less than ten percent variation between the lowest and highest percentage of measurement group by type for all categories. The exception was word and sentence measures in noise (WSN) which varied from 47.5% to 66.5%. The limited variation found in the representation of cognitive measurement across years was unexpected. The recent developments in the field of cognitive hearing science, which highlights the intrinsic role of cognition in listening (Arlinger et al., 2009; Lunner et al., 2020), and the publication of studies that showed a relationship between hearing loss and neurocognitive disorders such as dementia (Lin et al., 2011; Livingston et al., 2017), would intuitively have promoted an increase in the use of cognitive measures. The data extracted in this review suggests, however, that there was a proportional increase in the use of all types of measures relevant to listening and communication. Articles published in 2019 had the highest percentage of self-report measures with 42.8% (n = 127/297) of included studies using some form of self-report. Discourse measures were the most infrequently used form of measurement (range = 0.8% – 5.6%) across publication years.
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FIGURE 4. Assessment measure, linguistic categories by year of publication. Total percentages exceed 100% due to multiple measures used within studies.





DISCUSSION

This scoping review identified and examined measures used within recently published studies to evaluate listening skills for oral communication in adults with hearing loss. In particular, using a linguistic perspective, the review provides a useful categorisation system to evaluate the capacity for existing measures to represent everyday communication as experienced by adults with hearing loss. Results from this review suggest that measures used to assess listening abilities target a narrow set of domains, limited predominantly to measures of speech detection and recognition at the word or sentence level, and that preferences for outcome measure selection have remained relatively constant for the last decade. Furthermore, despite these measurement preferences, there remains a lack of consensus within published studies regarding the selection of measures that target the complexities of listening and communication. The persistent focus on detection-based measures and the limited use of measures assessing complex/higher-level listening abilities suggests that current measures may not be evaluating those listening constructs of most relevance to adults with hearing loss when they are listening in the communication situations of everyday life.


Measurement Bias – The Prevalence of Detection Measures

The prevalence of detection-based measures in the included articles points to a focus within outcome studies to undertake measurement at the level of impairment (i.e., hearing) and not at the level of disability or handicap (World Health Organization, 2001). These findings suggest that within published studies, assessment of hearing is conceptualised as an isolable function that is independent or disconnected from its role in listening and communication (Manchaiah et al., 2019). While detection-based measures are valuable for classifying hearing levels, they provide limited information about functional listening ability in communicative contexts. Evidence indicates that detection-based measures do not provide information beyond hearing sensitivity (Engdahl et al., 2013; Fredriksson et al., 2016; Musiek, 2017; Phatak et al., 2019). For example, two listeners with the same audiometric thresholds can have different speech-in-noise performance (Gifford et al., 2007), and many individuals report significant hearing difficulties that are not reflected in hearing threshold measurement (Füllgrabe et al., 2015; Bakay et al., 2018; Barbee et al., 2018; Vermiglio et al., 2018). In contrast, a large study exploring access barriers to hearing intervention in older adults, found that 40% of adults with audiometrically measurable hearing loss did not report a hearing difficulty (Sawyer et al., 2020). The review findings indicate that, despite these well-evidenced shortcomings, measurement at the level of detection continues to be the dominant assessment measure reported in published studies of adults with hearing loss.



Measurement and Language Units

Beyond detection, measures using words or sentences as stimuli were the measures most frequently identified in this review. This finding is consistent with an earlier systematic review of outcome measures in hearing loss in which word-level speech recognition measures with and without noise comprised the largest measurement group (Granberg et al., 2014). The high representation of word and sentence measures found in this review was expected as words or sentences represent the primary language unit to which contextual, linguistic and cognitive modifications are applied. The high prevalence of word and sentence-based measures has also been reported in a scoping review of outcome measures used to assess adults with cochlear implants (Boisvert et al., 2020).

The high proportion of word or sentence measures identified in this review is problematic, however, because, similar to detection-based measures, limitations also exist when using word and sentence stimuli, particularly in quiet conditions. For example, word and sentence stimuli administered in a quiet environment are prone to ceiling effects, correlate poorly with reports of listening abilities, and have low ecological validity (Firszt et al., 2004; Best et al., 2016b; Musiek, 2017). For example, a study appraising speech perception protocols for cochlear implant users demonstrated that, when tested in quiet, 28% (n = 206) of participants achieved the maximum score of 100% (Gifford et al., 2008). While measures of speech perception are expected to correlate with each other, this study also found poor agreement between scores achieved in quiet and those achieved in noise for both monosyllables and sentences. Individual performance in quiet was not predictive of performance when measures used speech-based material in noise. Perhaps more significant from a functional perspective, difficulty listening in noise, not in quiet, is one of the most frequently reported auditory symptoms and a defining feature of adult hearing loss (Arlinger, 2009; Hughes et al., 2018; Pang et al., 2019).



Language Units and Auditory Context

Attempts to address measurement limitations when using word and sentence in quiet stimuli frequently involves changes to the stimulus complexity (Klatte et al., 2010). Within this scoping review, noise was the most frequent modifier of word or sentence complexity. When viewed in relation to the challenges associated with listening in noise as reported by adults with hearing loss (Arlinger, 2009), the extensive use of words and sentences in noise measures have high face validity. The inclusion of noise in word and sentence-based measures has been found to: (1) contribute to a higher degree of diagnostic accuracy for the challenges of listening in noise (Vermiglio et al., 2018); (2) minimise ceiling effects associated with assessment of word and sentence recognition undertaken in quiet (Gifford and Revit, 2010); and (3) involve the engagement of additional cognitive mechanisms required to interpret degraded auditory input (Hwang et al., 2017). Therefore, changing stimulus complexity through the addition of noise may be a more realistic assessment of hearing and listening ability. There are, however, other considerations that may influence the representativeness of these measures. For instance, despite the preservation of some characteristics, the artificial noise generated as part of clinical testing protocols has little in common with the dynamic and reverberant acoustic environments encountered in everyday life (Weisser and Buchholz, 2019). Behaviours related to communicating in noise, such as speaker volume and physical proximity adaptations, are similarly not accounted for in existing measures. The adaptative behaviours of speakers assist with managing communication in varying noise levels and, therefore, may affect an individual’s varying capacity for communication in these environments (Beechey et al., 2019). The preference for the addition of noise to create representative measurement in the included studies suggests a reductive approach to measurement that does not account for the impact and importance of cognitive and higher-level linguistic factors on interpersonal communication.



Measurement Units and Communication

Current outcome measures use language unit boundaries (phoneme, word and sentence) to create discrete independent measurement units. Attempting to represent communication via these unit boundaries implies that these independent units are present and measurable in continuous speech streams. However, natural speech and language is not easily divisible into distinct, and seamlessly recognisable components (Walsh, 2011). The imperfections, deletions and ill-defined boundaries that are present in spontaneous communication, provide rich information used to contextualise and clarify spoken communication between communication partners (Podlubny et al., 2018). Dysfluencies, prosodic shifts and fillers support natural conversation, acting as recognisable markers in speech to signify the need for repetition or request for clarification between speakers (Corley and Stewart, 2008). These features are supportive communicative tactics, but current unit-based (phoneme, word and sentence) measures, either do not represent these features, or classify them as inaccurate responses that are scored accordingly, contrary to their supportive communicative function. From this perspective, reductive unit measures, such as phonemes, words and sentences, lack the dynamic and multimodal elements that define interactive communication as experienced by a listener in the real world.



Auditory Hierarchy and Comprehension

Charting word and sentence measures in relation to the auditory hierarchy demonstrated the disproportionate representation of measures considered to assess speech recognition. Classification within the auditory hierarchy is valuable when considering the capacity of speech perception measures to characterise listening and communication ability. As a measure of auditory ability, speech recognition measures, which are typically based on clients repeating the individual items they hear, require limited linguistic prosessing and do not represent comprehension of the presented stimuli. Auditory comprehension, extracting meaning from auditory input, is crucial for oral communication competence. Extracting meaning from words and sentences changes the speech paradigm to engage a variety of linguistic (e.g., lexical, syntactic and phonological) and cognitive (e.g., working memory, attention, processing speed) mechanisms (Macdonald, 2017). The changes in load and task associated with comprehension enable more direct measurement of higher-level speech processes that are central to functional communication. Comprehension measures in this review sought to clarify these mechanisms relative to hearing loss and included, for example: processing structurally complex sentences and degraded speech (Carroll et al., 2016); neural activation in speech understanding (Zhou et al., 2018); suitability of dynamic speech materials to capture features specific to conversation (Best et al., 2016a); and the influence of syntactic form on plausibility (Amichetti et al., 2016). Interestingly, studies comparing measures of recognition and comprehension suggest that existing comprehension paradigms in the assessment of listening may be inadequate (Best et al., 2018).

The complex and continuous process of auditory comprehension in the listening situations of daily life is reliant on mechanisms that enable accurate interpretation of dynamic inferential and contextual information (Doedens and Meteyard, 2019), as well as socio-cognitive contributions such as theory of mind and self-regulation (Worthington, 2018). Without representation of these dynamic and dependent elements, measures of auditory comprehension may have a reduced capacity to represent real world communication ability. Similarly, and as suggested by the findings of this scoping review, the continued preference for studies to utilise measures of speech recognition, maintains a focus on reductive instruments that are unable to measure the complex processes of auditory comprehension and its contribution to day-to-day communication.



Cognitive Assessment Measures

The operationalisation of listening and communication is dependent on cognition (Wolvin and Wiley, 2010). Cognitive mechanisms are required to attend to, make sense of, and remember auditory information – the prerequisite functions of listening and communication (Rost, 2016). Measures of cognition are therefore relevant to understanding the processing and individual expression of listening and communication (Lunner et al., 2009). For example, a recent study using a hearing-impairment simulation demonstrated that hearing loss does indeed impact cognitive-test performance, and this is not only due to reduced audibility (Füllgrabe, 2020). The studies identified in this review used measures of cognition for a variety of purposes: (1) to understand relationships between cognitive domains and listening (Amichetti et al., 2013; Ferguson and Henshaw, 2015; Keidser et al., 2016); (2) to account for variance in listening ability that is not identified within standard audiological measures (Kronenberger et al., 2014; Kaandorp et al., 2017; Moberly et al., 2018b); (3) as an indicator of neurocognitive function (Gates et al., 2008; Wong et al., 2014; Dawes et al., 2015); and (4) to determine if targetting cognition assists with rehabilitation (Pichora-Fuller and Levitt, 2012; Castiglione et al., 2016; Nkyekyer et al., 2018). As with language and communication, measurement of cognition as a separate and discrete function is complex. The included studies have addressed this complexity with multi-domain diagnostic assessments aimed at clarifying how cognitive ability is impacted by hearing loss (Mosnier et al., 2015; Claes et al., 2018). While studies that included domain-specific and multi-domain cognitive assessments are driving our understanding of cognition in relation to listening, language, and hearing loss (Rönnberg et al., 2019), they are underrepresented in this review. A significant proportion of studies exploring cognition used screening measures, which have noted limitations as the primary form of assessment. Raymond et al. (2020) systematic review of cognitive screening with adults with post-lingual hearing loss confirmed the frequent use of screening assessments such as the MMSE and the Montreal Cognitive Assessment (MoCA), both of which are reliant on auditory components. The authors note that based on the available evidence, these auditory components may have a deleterious effect on scores for adults with hearing loss. Therefore, poor performance may be an indication of poor cognition, poor audibility for instruction, or increased effort for listening, which is known to impact working memory and recall (Wayne et al., 2016). Adaptations to screening measures to adjust for auditory components have also proven problematic, as the removal and modification of items can directly influence the pass/fail status (sensitivity) (Parada et al., 2020) and these modifications may not yet have been formally validated (Dawes et al., 2019; Raymond et al., 2020).

Classification of the extracted outcome measures into linguistic categories indicated that standard measures used to assess hearing and listening were not designed to assess basic information-processing operations of listening and communication. In regard to functional communication, product or output measures, such as speech perception, may misrepresent the experience of listening with hearing loss by ignoring the cognitive involvement required in the task (Moberly et al., 2018a). Consequently, currently available outcome measures do not capture the functional variability that is evidenced in adults with hearing loss. The measures most frequently used in the included studies did not appear to capture the cognitive involvement required to attend to and process speech information or the effort intrinsic in communication adaptation and compensation (Hughes et al., 2017; Peelle, 2018). These measures also do not reflect what listening and communication mean for the individual driven by the motivation and need for social connectedness (Hughes et al., 2018).



Self-Report Measures

The self-report measures included in this review were described in relation to health status outcomes and the number of times each measure was cited in clinical studies. Consistent with previous reviews of self-report in hearing loss, a large number of self-report measures were identified (Granberg et al., 2014; Akeroyd et al., 2015). Outcomes from these reviews showed that the majority of measures were not used repeatedly in clinical studies (Granberg et al., 2014; Akeroyd et al., 2015; Barker et al., 2015). The complications of many different self-report measures used infrequently across studies are compounded by the large number of studies that used a bespoke, or study-specific, self-report measure. This lack of consistency has the potential to constrain cross-study comparison and prevent data aggregation, limiting the use of data beyond an individual study. The pervasive impact of hearing loss may account for the diversity of targeted health status domains in self-reports. This diverse representation (e.g., disability, device benefit, QoL) may provide some explanation as to why so many self-report measures have been developed (Vas et al., 2017). Similarly, it may also reflect the inability of current measures to address the targeted health domains effectively (Barker et al., 2017). The volume and prevalence of self-report measures, however, suggests that criteria for selecting an appropriate measure is not evident, and currently no single standard measure is widely adopted in clinical studies (Akeroyd et al., 2015).



Study Limitations

There were a number of limitations associated with this review. Despite the use of a comprehensive search strategy, it is possible that some studies were not included due to abstracts not indicating the use of linguistic-based measurement. Studies published in languages other than English that did not have an accompanying translation were not considered. As such, a language bias is present in this review. Excluding studies with sample sizes smaller than ten subjects potentially limited the extraction of all relevant measures. In addition to language, potential country specific bias may also reflect the legislative and policy contexts that mandate the inclusion of particular measures for use in the included studies. The high number of studies and broad country representation helped to address these biases. From a semantic and cognitive perspective, the terminology used to define measure types was indistinctive. Without clarification into levels within the auditory hierarchy, categorisation based on the level of speech processing assessed by the measure was not possible. Using linguistic categorisation to chart the extracted outcome measures presented limitations related to exploring language and communication from a compartmentalised perspective (Walsh, 2011). Given that functional communication encompasses components across multiple domains of the communication complex, utilisation of a theoretical framework may lead to reductionist conceptualisations of communication with hearing loss. Recognising this limitation of current conceptualisations of functional communication may help us understand why current measurement limitations exist. Finally, the allocation of self-report measures according to health domains may not accurately reflect the intended content of a measure’s items. Manchaiah et al. (2019) study on content validity and readability in self-report measures of hearing disability demonstrated substantial variability in domain measurement. For example, measures were described as measures of disability; however, item analysis indicated the targetting of a number of additional constructs. The findings of this review, supported by Manchaiah et al. (2019) study lend support to the assertation that, without a rigorous evaluation of a measure’s content validity, it may not be possible to understand fully the conceptual coverage provided by a measure’s items (Terwee et al., 2018).



Implications for Clinical Practice and Future Research Directions

This review outlines limitations in measures of listening and communication when these are viewed from a functional perspective. Findings from this review provide a reference to describe how outcome measures relate to the components of functional listening in daily life. This information could be used in clinical practice and research to provide a more nuanced evaluation of the listening abilities of adults with hearing loss. The reductive approach to measurement described in this review may account for the contrast between what is measured and the priorities and perspectives of adults living with hearing loss (Sawyer et al., 2020). The review findings may also assist in addressing the possible disconnect between people’s understanding of hearing loss and its relationship to communication. While this work provides insight into the potential domains that may be relevant for measurement of functional communication, additional investigation is required to match these theoretical foundations to the communication experiences of adults with hearing loss. For example, qualitative approaches, when applied to understanding functional communication from the perspective of deaf and hard-of-hearing adults, may identify missing links within the listening and communication complex or provide insight into the weighting of different domains and items within that complex. Consultation with stakeholder groups, including adults with hearing loss and clinicians, to corroborate and extend the review findings could provide valuable insights on their usefulness leading to recommendations for policy and practice. This information could then inform the development and selection of outcome measures that better align to the lived experience of adults with hearing loss. Future work is required to evaluate the psychometric properties (the validity and reliability) of new and existing outcome measures in line with the target construct to be measured and the proposed context of use. Further work must also consider the costs (e.g., time, equipment and training required) in comparison to the benefits of selecting and implementing specific outcome measures within clinical or research contexts.




CONCLUSION

Real-life communication is quick, responsive, dynamic, continuous and unpredictable. To be an effective communicator we need not only language, but the ability to incorporate and understand language in the context of others and the complexity that they bring with them. Listening is the foundation of oral communication, but there is currently no consensus on how to best represent and measure the complexities of everyday listening for communication in audiological clinical practice. By categorising the included outcome measures in terms of the complexity of the stimuli used, the participant’s response required for the task, as well as the domains targeted within self-reports and cognitive measures that are relevant for listening, this scoping review highlighted both the reductive approach to measurement and the large and heterogenous pool of assessments available to measure functional listening in adults with hearing loss. Without consideration of the broader linguistic, cognitive and interactive elements of communication, measures cannot adequately capture the complex way adults with hearing loss experience listening for communication. To effectively represent functional listening, it will be necessary to expand how audiological measurement is conceptualised and undertaken to ensure functional listening for communication is measured in the context in which it is experienced and from the perspective of those who experience it.
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