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Abstract 

Hearing impairment is a significant concern in New Zealand and worldwide. When a hearing 

impairment is left unaddressed, it has the potential to affect many aspects of an individual’s 

life, including education, employment, safety, and their physical, mental and social health. It 

adversely affects everyday communication and quality of life for the aging population. 

Audiologists try to minimise the impact of a hearing impairment on the individual and their 

families through aural rehabilitation and the use of hearing aid devices (Beattie et al., 1997). 

Speech testing can provide valuable clinical information on the thresholds of audibility and 

intelligibility of speech, and on the discrimination of words and phonemes (Niemeyer, 1976). 

The University of Canterbury Auditory-Visual Matrix Sentence Test – Paediatric (UCAMST-

P) was developed to add a reliable speech recognition tool to the audiological test battery for 

paediatric populations, and can also be suitable for adults who have shorter working memory 

abilities (Jenkins-Foreman, 2018). In this current study, the performance on the UCAMST-P 

in quiet conditions for open and closed-set formats is compared to the performance on the word 

recognition test using meaningful CVC words (revised AB), which is routinely used in most 

audiology clinic in New Zealand. In addition, this study looks at whether test-retest reliability 

is affected by age, severity of hearing impairment and score on the Mini-ACE, a cognitive 

screening tool. Speech Recognition Thresholds (SRT) scores of CVC words were found to have 

significant correlations for both open and closed-set SRTs obtained using the UCAMST-P. As 

expected, the study also found there to be a significant difference between the means in the 

UCAMST-P for open and closed-set formats in quiet conditions. An investigation into its test-

retest reliability revealed that reliability of the UCAMST-P was unaffected by age, severity of 

hearing impairment or score on the Mini-ACE cognitive screening tool. The findings of this 

study provide evidence for potential use of the UCAMST-P to replace the meaningful CVC 

(revised AB) word recognition test in clinical practice.  
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Chapter 1 – Literature Review  

1.1 Background 

Hearing impairment (HI) is a significant concern in New Zealand and worldwide. It is a 

common condition that is often poorly recognised and can have many effects on those 

individuals with HI and those around them, including family, friends, and co-workers. HI is an 

invisible disability and can lead to breakdown in communication and decrease in overall 

wellbeing. For most hearing-impaired individuals, the disability occurs gradually. In the 

beginning, they notice problems on an occasional basis, but, eventually the problems increase 

to a point where it has a significant impact on daily life (Danermark & Manchaiah, 2017). 

According to the latest data from the World Health Organisation (2021), it is estimated that 

over 5% of the world’s population (or approximately 430 million people) have a HI and require 

aural rehabilitation (World Health Organisation, 2021). It is known that HI increases with age, 

and among those older than 60 years of age, over 25% are affected by a disabling HI. In New 

Zealand (NZ), the prevalence of HI was reported to be as much as 28.5% of adults (34% of 

men and 23% of women) over the age of 65, according to the latest census data (Statistics New 

Zealand, 2014). Due to NZ’s ageing population, this percentage is expected to rise for people 

over the age of 60 (Exeter, 2015).  

When a HI is left unaddressed, it has the potential to affect many aspects of an individual’s life, 

including education, employment, safety, and their physical, mental and social health. They 

may not be able to hear emergency alarms; either at home, work or in the community (World 

Health Organisation, 2021). HI causes a reduction in verbal communication in the workplace, 

which could contribute to accidents and poor job performance. In addition, increased stress, 

due to HI, could further contribute to safety issues in the workplace. HI could also contribute 

to traffic related accidents with risk to cyclists and pedestrians that have a HI being injured by 

a motor vehicle. This also applies to motorists becoming involved in an accident due to not 
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hearing or localising vehicle warning signals or the sound of oncoming vehicles preventing 

them from being able to take appropriate and timely reaction (Picard et al., 2008). It is 

becoming more evident that age-related hearing loss and communication is associated with 

functional aged outcomes such as cognitive decline, dementia, depression, reduced physical 

function and disability, reduced social interaction and use of healthcare (Cerny et al., 2018; 

Deal et al., 2020). HI adversely affects everyday communication and quality of life for the 

aging population. Although a HI can be treated, studies have shown the majority of older adults 

with HI do not use hearing aids. It has been suggested the reason for this is due to limited 

accessibility and affordability of hearing health care, in addition to the common misconception 

that a HI is just a normal part of aging and there is nothing to be done about it.  

HI has a negative impact on essential communication components of everyday life, such as 

speech processing, understanding, and communication. Impaired communication can adversely 

affect an individual’s quality of life. It can also affect quality of life for members of the 

individual’s family, who don’t necessarily have a HI themselves, but have their participation 

in activities restricted as a result of the HI of their family member or spouse. It has been found 

that communication partners of an individual with HI were found to have restricted social lives, 

poorer quality of life, lower relationship satisfaction and increased burden of communication 

(Deal et al., 2020). Communication partners include family members, spouses, partners or 

caregivers that communicate with the individual on a regular basis and be significantly affected 

by their HI. Hearing loss has been estimated to increase risk of dementia by 94%, with 

increasing risk as the hearing loss becomes more severe (Deal et al., 2020). Treatment of 

hearing loss is estimated to have the greatest potential to prevent dementia when compared to 

other modifiable dementia risk factors (Livingston et al., 2017). Studies have shown that family 

members are the most common reason a person with HI seeks out assistance for their hearing 

problem.  Communication partners have been useful in determining the level of perceived 
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hearing disability and success of treatment of their hearing loss. Studies have shown 

interventions, such as hearing aids, cochlear implants and audiological rehabilitation programs 

were associated with increased quality of life, relationship satisfaction, communication 

success, and social functioning for the individual and their communication partners. Successful 

communication is often the foundation for maintaining healthy relationships, therefore, it is 

essential that effective hearing rehabilitation is established for those with HI to provide the best 

possible outcomes for them and their loved ones (Kamil & Lin, 2015).  

Hearing health care professionals, or audiologists, try to minimise the impact of a HI on the 

individual and their families through aural rehabilitation and the use of hearing aid devices. In 

order for them to provide an effective hearing aid fitting with the proper amount of 

amplification, it is vital to obtain accurate hearing test results, which is done using pure tone 

audiometry and the plotting of results on an audiogram. Pure tone audiometry provides useful 

information about the individual’s hearing thresholds and provides a baseline for amplification 

levels in the hearing aid fitting. However, pure tone audiometry does not represent real world 

listening environments, which consists of a wide range of environmental and speech sounds. 

Speech is the most important auditory stimulus in everyday situations. Therefore, speech 

testing is commonly used in practice, both in NZ and internationally and it determines a 

person’s ability to identify and understand speech (Beattie et al., 1997). Speech testing can be 

used prior to a hearing aid fitting to determine hearing aid candidacy, whether or not they 

should be fitting monaurally or binaurally, to predict aided outcome with amplification and to 

demonstrate to the client that their speech understanding is impaired. Speech testing can 

provide valuable clinical information on the thresholds of audibility and intelligibility of 

speech, and on the discrimination of words and phonemes (Niemeyer, 1976). Aided speech 

testing is also beneficial as it can demonstrate that aided performance is better than unaided, 

demonstrate the advantages of special features and to obtain information for counselling 
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realistic expectations. Speech testing can be applied in many ways in a hearing aid fitting, 

including testing for loudness, intelligibility judgements, quality assessment and even to test 

for occlusion effect (Mueller, 2001). Speech audiometry has many uses in an audiological 

clinic and forms the basis of this study. This project analyses the performance of a newly 

developed NZ sentence test against other speech tests commonly used in audiological practice 

in order to progress it towards routine research and clinical use. 

In order to discuss further the new proposed method of speech testing, it is important to first 

understand the function of our hearing system and hearing impairment, which is outlined in the 

following sections. 

1.2 The Anatomy of Hearing 

Sound is meaningful only if perceived, therefore, it is essential to understand its transmission 

to, and perception by, the brain. The auditory system consists of two major sections: the 

peripheral and central auditory systems. The peripheral system contains the outer ear, middle 

ear, inner ear, and the auditory nerve; it is responsible for transforming and transducing sound 

into electrical impulses which are sent to the brain with an intensity, frequency and time code 

(Musiek & Baran, 2020). The central auditory system consists of a tremendously complex 

structure of neural pathways within the nuclei of the brain stem, mid-brain, and cortex (Kramer 

et al., 2019); it provides sequential and parallel processing of neural impulses that travel from 

the cochlear nucleus to the auditory cortex in the cerebrum (Musiek & Baran, 2020). All parts 

of the auditory system have an important role in the transmission of a sound to be perceived by 

the brain (Martin & Clark, 2012). The process of sound transmission within the auditory system 

begins with a sound initially entering the outer ear traveling to the middle ear and then passed 

on through the inner ear and neural pathways of the peripheral and central auditory nervous 

systems (Musiek & Baran, 2020). The sound enters the system as acoustic energy and is 

converted to mechanical energy in the middle and inner ear leading to transduction by the hair 
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cells in the cochlea becoming neural code in the auditory nerve (Møller, 2013). The outer ear 

consists of the pinna and external auditory canal, also known as the ear canal. The pinna is 

located on the outside of the head and helps collect sound and funnel it down the external 

auditory canal directed towards the tympanic membrane (Musiek & Baran, 2020).  

The middle ear is an air-filled cavity and consists of the tympanic membrane on the lateral 

wall, three small bones called ossicles: malleus, incus and stapes. The eustachian tube connects 

the middle ear space to the nasopharynx, allows drainage of the middle ear space, and equalises 

the air pressure in the middle ear with the ambient pressure (Møller, 2013). The main function 

of the middle ear is to increase the transmission of sound energy to the cochlea (Musiek & 

Baran, 2020) via a process of acoustic impedance matching, coupling energy from low 

impedance air to the higher impedance fluid in the cochlea and reducing the reflection of sound 

energy that would normally happen (Pickles, 2012).  

The inner ear contains the cochlea, which is a snail shaped bony structure containing the 

sensory organ of hearing (Møller, 2013). The cochlea has three fluid-filled canals called the 

scala vestibui, scala media and scala tympani. The basilar membrane separates the scala 

tympani from the scala media and Reissner’s membrane separates the scala media from 

vestibuli. The basilar membrane runs the length of the cochlea and is wider and more compliant 

at the apex than at the base, allowing a tonotopic distribution of incoming sounds, with better 

high frequency tuning occurring at the base and better low frequency tuning at the apex 

(Musiek & Baran, 2020). The organ of Corti rests on the basilar membrane and contains 

sensory cells that run the entire length of the cochlear duct. The sensory cells include the inner 

hair cells (IHCs), which primarily convert mechanic vibration into neural signals in the 

auditory nerve, and outer hair cells (OHCs), which primarily act to amplify basilar membrane 

vibration, sharpen its tuning, thereby increasing its frequency selectivity (Pickles, 2012).  
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The electrical impulses from the cochlea are carried from the cochlea to the brainstem by the 

auditory nerve, which is a component of the eighth cranial nerve (Musiek & Baran, 2020). 

Information is received by the auditory cortex, which assists with analysing complex sounds, 

sound localisation, response inhibition and discrimination of temporal patterns (Pickles, 2012). 

1.3 Hearing Impairment 

HI is likely to result if there are any abnormalities of the hearing system that has been 

discussed above. There are two types of HI that can occur, depending on the location in the 

hearing system the problem occurs: conductive and sensorineural. Conductive hearing loss is 

caused by impairment of sound transmission to the cochlea, caused by abnormalities in the 

middle ear or obstruction of the ear canal. Sensorineural hearing loss is a broad term that is 

divided into cochlear loss and neural, or retrocochlear hearing loss. Cochlear hearing loss 

refers to abnormalities in the cochlea, most commonly relating to the hair cells. Other 

pathologies exist within the cochlea, such as fistulae of the cochlear windows and cochlear 

otosclerosis. Damage to the hair cells causes an elevation in hearing thresholds and normally 

affects the high frequencies more than low frequencies. In addition to affecting hearing 

thresholds, hair cell damage can impair frequency discrimination, which is important for 

understanding speech. Disorders of the ear could negatively affect the function of the 

auditory nervous system due to deprivation of input, which cannot be described by a 

conventional pure tone audiogram (Møller, 2013). 

It should be noted that many conductive impairments can be medically or surgically 

corrected, whereas, the majority of sensorineural hearing losses are not typically treatable 

through medical intervention. Conductive and sensorineural hearing impairments and quite 

different in their nature, where a conductive HI results in the attenuation of sound only, 

whereas a sensorineural HI can negatively affect frequency selectivity and temporal 

resolution in addition to reduced clarity, affecting speech intelligibility (Musiek & Baran, 
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2020). Plomp (1978) describes the effect of HI on speech intelligibility as attenuation and/or 

distortion of sounds entering the ear. With a conductive HI, attenuation is a threshold shift 

that can be fully compensated for by increasing an equal amount of sound entering the ear, 

through amplification, which can restore speech perception ability. It has been found that 

speech intelligibility at appropriate intensity levels is almost normal for this type of HI. For a 

sensorineural HI, speech signals entering the ear are distorted rather than just attenuated, 

reducing the maximum possible speech recognition score. If the HI is severe enough, 

increasing sound through amplification may not be sufficient to be fully compensated for  

(Carhart & Tillman, 1970; Møller, 2013; Plomp, 1978). 

1.4 The Audiological Test Battery 

Audiometry is the measurement of a person’s hearing ability. The audiological test battery 

consists of a series of tests to identify if a HI is present and to determine the type, severity and 

location of a HI in the hearing system (Stach & Ramachandran, 2022). An audiological test 

battery normally consists of a case history, otoscopy, pure tone audiometry, speech and 

immittance testing (New Zealand Audiological Society, 2021; Stach & Ramachandran, 2022). 

Pure tone audiometry involves testing a person’s hearing thresholds, which is the lowest sound 

pressure levels for different pure tones that an individual can just hear. Hearing thresholds are 

measured for a range of frequencies between 250 Hz and 8 kHz, which are most relevant for 

speech sounds. A person’s ability to hear depends on more than their pure-tone hearing 

thresholds; it depends on processing of frequency, intensity, cognitive ability, and context. 

Sounds that one experiences in everyday life are more complex and often occur at moderate 

intensity surrounded by unwanted background noise or environmental sounds. Audiometric 

thresholds are used to describe a hearing loss, determine the nature and configuration of hearing 

loss, and establish how much volume an individual requires in their hearing aid fitting (Kramer 

et al., 2019). To evaluate the type of HI, sound is presented by air conduction (AC) or bone 
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conduction (BC) testing. AC testing involves sound presented to the ear via an earphone to 

assess the hearing sensitivity of the entire auditory system. BC testing involves placing a bone 

vibrator in contact with the skin behind the ear and sound is transmitted directly to the cochlear 

via bond conduction. BC bypasses the outer and middle ears to assess hearing sensitivity of the 

cochlea and beyond (Stach & Ramachandran, 2022). 

1.5 Speech Audiometry  

Speech is a foundation of human culture. There are over 7,000 different languages in the world, 

with almost all of them using the exchange of sound as the primary means of communication 

(Bleile, 2020; Ethnologue, 2021). Speech is a term used to describe human communication 

using spoken language, it is the auditory stimulus in which we communicate. The most familiar 

units of speech are words, which can be broken down into syllables, and analysed further into 

sounds and phonemes. Phonemes are the smallest units of sound; they do not usually have 

meaning on their own, but when combined, they form syllables and words that differentiate 

one word from another, for any given language. English has approximately forty different 

phonemes, which are represented by a set of symbols specified by the International Phonetic 

Association (IPA). Speech is composed of a series acoustic patterns or properties and each 

speech pattern corresponds to a particular phoneme. A series of these acoustic patterns are 

perceived as a sequence of phonemes and combined into words and phrases (Moore, 2012). 

As early as the 1800s, it was recognised that evaluating speech understanding was just as 

important as frequency-specific information, which was obtained using tuning forks at that 

time (Wilson & McArdle, 2005). Hearing sensitivity for speech was studied to assess which 

classes of speech sounds a person could hear: vowels, voiced consonants or voiceless 

consonants. The first speech audiometer was developed in the mid-1920s, which incorporated 

a phonograph with recorded digital speech stimuli and was used in large scale hearing 

screenings (McArdle & Hnath-Chisolm, 2014). In the 1920s, Fletcher and Steinberg developed 
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and implemented speech recognition materials that have been used ever since (Wilson & 

McArdle, 2005). Around the time when the field of audiology was being formed, during and 

shortly after World War II, basic word lists used in speech audiometry were developed. 

Spondaic word lists that are still being used today were developed to establish speech 

recognition thresholds (SRT). Spondaic words are two-syllable words with equal emphasis on 

both syllables. There are two types of measures when testing speech thresholds which are 

speech detection threshold (SDT) and speech recognition threshold, both measured in dB. SDT 

is an estimate of the level at which a person detects that speech is present 50% of the time. 

SDTs are generally used for infants, young children or when an adult is unable to respond 

verbally to assess the level of awareness of speech stimuli. SRT is an estimate of the lowest 

level which a listener can repeat back words 50% of the time (McArdle & Hnath-Chisolm, 

2014). 

There are many different speech tests that exist, using different types of stimuli and protocols. 

Speech detection tasks require the listener to indicate a sound was heard, but not understood, 

whereas, speech recognition tasks require the listener to identify the word or words they 

understood. Arthur Boothroyd word lists (AB words) are a speech recognition tool, which are 

widely used in Australia, New Zealand and South Africa. AB words were first developed in 

Britain in 1968 and consisted of 15 lists of 10 monosyllabic consonant-vowel-consonant (CVC) 

words. The purpose of the original test, delivered via tape recorder, was to establish how well 

the listener could recognise various speech sounds. Boothroyd thought this test allowed 

efficient use of clinical time and increased test reliability by using phonemic rather than whole-

word scoring (Boothroyd, 1968). AB words are routinely used in most audiology clinics, but 

with some variation. The test is used for on clients of all ages and is typically done during 

audiological assessments and sometimes rehabilitative appointments (Myles, 2017).   



18   

Speech recognition testing, in New Zealand, is typically done using CVC word lists, which 

contains 10 lists of 10 monosyllabic words and are played in quiet with no visual context 

(Boothroyd, 1968; Boothroyd & Nittrouer, 1988). The results of the CVC word test reflect the 

listener’s ability to understand speech in optimal listening conditions, because it is conducted 

in a quiet environment. Monosyllabic speech testing, such as the CVC word speech test, 

requires the listener to repeat only one word at a time and is therefore, less influenced by 

memory when compared to using sentence stimuli (Wilson et al., 2007).  Sentences are a better 

representation of everyday communication than monosyllabic words because they have 

intonation, contextual cues and natural intensity that are associated with conversational speech.  

Speech recognition testing that is performed in quiet conditions is done to determine how well 

a person can understand speech in quiet environments when the level of the speech is loud 

enough to achieve a maximum speech recognition score (PImax). By testing at multiple levels, 

it also documents how that performance is reduced with decreasing intensity, as captured by 

the speech reception threshold (SRT) or half-peak level – the sound level at which the person 

achieves half their maximum score. The level at which a hearing-impaired individual is able to 

achieve their PImax varies from person to person and depends on the materials used, such as 

word lists that have a different dialect than the person getting tested.   

There are several types of materials that can be used to test speech recognition ability in quiet 

such as sentences, nonsense syllables, and more commonly, monosyllabic words. Research has 

shown that it is more difficult for an individual to recognise nonsense syllables, whereas 

sentences are the easiest to recognise. Difficulty recognising monosyllabic words fall 

somewhere in between nonsense syllables and sentences.  Studies have shown that performance 

for words in isolation and in sentences were predictable from the phoneme recognition scores 

(McArdle & Hnath-Chisolm, 2014).  
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Speech audiometry is an essential part of the audiological test battery and determines how well 

an individual is able to hear and understand specific types of speech stimuli. It provides a 

valuable cross-check of the pure-tone audiogram and can demonstrate the impact of hearing 

loss on communication. It is an essential part of the audiological test battery because speech is 

the most important auditory stimulus in everyday situations (Beattie et al., 1997). Most 

individuals with a hearing impairment begin to notice their hearing problem when they have 

trouble understanding speech in conversation (Kramer et al., 2019). Speech audiometry can 

also help identify different hearing disorders. A problem in the cochlea tends to have 

reasonably predictable levels of speech results and a retrocochlear problem tends to show 

poorer than expected speech recognition. Results of speech testing can be a valuable cross 

check of the pure-tone audiometry results and predict hearing aid or cochlear implant 

candidacy.  

Hearing and understanding speech are an extremely important aspect of one’s life. For children, 

it is important to hear and understand speech to develop oral langue and learning. For adults, 

limitations in speech understanding can significantly interfere with participation in 

communication and interactions in day-to-day life (McArdle & Hnath-Chisolm, 2014).   

Speech audiometry, in NZ, typically is performed using monosyllabic meaningful CVC words 

in quiet conditions. Testing in quiet is valuable clinically, as it measures the individual’s 

performance in optimal listening conditions.  It is important that speech audiometry procedures 

are consistent between audiological service providers so Best Practice Guidelines were 

developed to provide a reference point and standardised procedure to minimise testing 

differences and to ensure a high level of hearing health care in NZ. The Best Practice 

Guidelines are intended to be evidence-based and consistent with international best practices. 

Speech testing using meaningful CVC words uses 10 item lists that contain words that are 

phonemically balanced, and each word contains 3 phonemes, meaning 2 consonants at each 
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end and a vowel in the centre. Prior to testing, the client is instructed to repeat the words they 

hear and to guess when they didn’t understand the word, even if they can only repeat part of 

the word. Appropriate speech level intensity levels should be selected to define a PI function, 

maximum PI function (PImax) and half-peak level (HPL). It is recommended to test a minimum 

of three different speech level intensities to define a performance intensity (PI) function. 

Additional intensity levels may be tested to obtain an appropriate PI function. The HPL is the 

level which the listener scores half the score of their PImax score and is a clinically important 

goal (New Zealand Audiological Society, 2016). The Performance Intensity (PI) function is 

the relationship between speech recognition and average speech amplitude. Scoring of correct 

responses of phonemes with CVC words provides the opportunity to obtain complete PI 

functions in a short amount of time with acceptable test-retest reliability (Boothroyd, 2008). 

The listener’s responses are scored by the sound of the phoneme and tallied to calculate the 

percentage of correct speech recognition for that intensity. It is best to test speech intelligibility 

over a wide range of suprathreshold intensity levels to determine how performance scores 

change with intensity and so an intelligibility function can be clearly defined (Lawson & 

Peterson, 2011). Phoneme scoring is advantageous compared to word scoring as it has the 

ability to test an larger number of test items in a short amount of time, which can increase the 

test-retest reliability (Gelfand, 1998). 

Any hearing test using speech as the stimulus can be classified as speech audiometry. It can be 

used to identify a malingerer or to determine the effectiveness of different hearing aids 

(Boothroyd, 1968). The main role for speech audiometry is the measurement of thresholds for 

speech stimuli and a measurement of communication difficulties, which is useful for 

determining hearing aid candidacy and rehabilitation recommendations (New Zealand 

Audiological Society, 2016). For many speech tests, the main purpose is to measure an 
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individual’s ability to recognise the sounds of speech or to identify correct phonemes from 

acoustical information, which are called speech discrimination tests.  

Studies have shown there are many factors that can influence the measurement of speech 

discrimination, including the influence of the clinician performing the testing and their 

judgement and the interference of various defects of speech (Boothroyd, 1968). Speech tests 

are generally performed using words, sentences or syllables conducted in either an open-set or 

closed-set format. Open set format requires auditory presentation of the stimulus, and the 

listener repeats or writes down what is heard. A closed set format is when a listener selects 

what they heard from a visual presentation of a group of words, syllables, or sentences (Lawson 

& Peterson, 2011).  

Speech testing is not only useful to assess ability to understand speech but provides assistance 

with predicting benefit with hearing aids using aided speech testing in audiology appointments. 

Research has shown that aided speech performance cannot be reliably predicted from the 

assessment of speech in quiet alone. Also, speech audiometry in quiet does not compare to the 

variety in the subjective perceived benefit of using hearing aids, therefore making it 

inappropriate for independent use as a standalone outcome measure (Jenstad & Moon, 2011). 

Due to the limitations of testing speech in quiet conditions, the following section discusses the 

advantages of testing speech in noise. 

1.5.1 Speech in Noise Testing 

One of the most common complaints from people with hearing impairment is difficulty 

understanding speech in noisy environments. Testing speech recognition in noise can be 

clinically useful as they can facilitate the integrity of the central auditory system, provide 

information to assist the clinician’s decision making in management of the hearing loss, assist 

with counselling, and can be used as an outcome measure following a hearing aid fitting or 

auditory training (Spyridakou & Bamiou, 2015). There have been many speech in noise tests 
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developed over the years due to the need for speech testing in the presence of BGN to add to 

the audiological test battery, as they can assess hearing loss and amplification under conditions 

that are representative of the real world. These tests are useful as they provide valuable 

measurements for unaided and aided conditions. The information gained from speech in noise 

tests are valuable, not only because they help the audiologist make an appropriate selection for 

amplification, but also, they are a valuable counselling tool to discuss the benefits and 

limitations of amplification in a way that the client can relate to (Taylor, 2003). In 1970, Carhart 

and Tillman identified the importance of including speech testing in noise as part of the 

audiological test battery because they recognised the significance of communication. Hearing 

speech in noise is a very complex function involving the afferent and efferent auditory 

pathways. Struggling to hear in background noise cannot only be attributed to peripheral 

hearing loss as it relies on auditory, visual, linguistic, attention, and other cognitive skills. 

Aging not only affects the peripheral hearing system, but also the whole brain. Therefore, 

testing older adults with pure-tone audiometry only and managing their hearing loss with 

hearing aids may not be enough to address their hearing needs as this approach does not 

consider the higher-level impairments contributing to the hearing and communication problems 

(Spyridakou & Bamiou, 2015). Speech in noise testing is valuable as they are better able to 

measure those difficulties. 

Speech in noise tests are characterised by psychophysical parameters, similar to testing speech 

in quiet conditions. A psychometric function illustrates the relationship between performance 

on the task and some physical aspects on the stimuli. For speech intelligibility in noise, instead 

of a PI function, the psychophysical function describes the listener’s ability to understand 

speech as a function of its intensity. There are normally two parameters for the psychometric 

function: threshold and slope. The threshold and slope can be estimated when the psychometric 

function is fit to experimental data (MacPherson & Akeroyd, 2014).  The threshold is the 
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stimulus level required to get 50% correct and the slope is the rate at which performance 

changes relative to changes to in the SNR of the stimulus. The slope is able to determine the 

amount of perceived benefit a listener could potentially expect from an increase in the SNR. 

The steeper the slope, the better the speech intelligibility with a small increase in SNR, the 

shallower the slope suggests a smaller perceived benefit with the same increase in SNR 

(MacPherson & Akeroyd, 2014).  

This study is focused on speech testing in quiet conditions so speech in noise testing will not 

be discussed further. 

1.5.2 Matrix Sentence Tests 

A matrix sentence test (MST) is a type of sentence test that was first introduced by Hagerman 

(1982) using the Swedish language. It was initially intended to be used for hearing aid 

evaluation in the sound-field and to measure the client’s speech discrimination in noise with 

earphones before a hearing aid fitting in order to measure potential hearing aid benefit. The 

sentences are syntactically-fixed and semantically unpredictable for the listener. Each sentence 

consists of 5 words which are comprised of 5 different word groups (name, verb, quantity, 

adjective, object). Each sentence is generated by a selection of 1 of 10 words for each word 

group, yielding up to 100,000 (105) possible sentence combinations.  

It is important that the test be quick to administer, but still give reliable results, which requires 

many items per test. It is also important for clinical applications that it has many different lists 

of equal difficulty. Based on that, it was decided to use sentences with each word as an item to 

score, which would also be closer to reality than a test using single words. (Hagerman, 1982). 

Speech material used for MSTs are grammatically correct but semantically unpredictable and 

equal difficulty across sentences (Kollmeier et al., 2015). Due to the similar structure of the 

sentences, there is an almost unlimited stock of speech material that can be randomly selected 

from each column to create new sentences. (Hagerman, 1982). MSTs have been developed for 



24   

several different languages including Finnish (Dietz et al., 2014), Dutch (Houben et al., 2014), 

German (Kollmeier & Wesselkamp, 1997), Danish (Wagener et al., 2003), French (Jansen et 

al., 2012), Spanish (Hochmuth et al., 2012), Russian (Warzybok et al., 2020), Polish (Ozimek 

et al., 2010), Italian (Puglisi et al., 2015), Turkish (Zokoll et al., 2015) and British English. For 

the British English MST, there are differences between the speakers’ accent and pronunciation, 

making it inappropriate for New Zealand English speakers (Trounson, 2012). This led to the 

development of a matrix sentence test in New Zealand English (the UCAMST) by O’Beirne 

and Trounson (2012). It uses both audio and visual recordings of its stimuli as a person’s ability 

to recognise speech improves when they have visual cues . This test was the first matrix 

sentence test to enable testing with auditory-visual stimuli. (Trounson, 2012). 

Speech testing using sentence stimuli requires the use of working memory, which increases the 

cognitive load required to perform the task when compared to single word stimuli, especially 

for the paediatric and senior population (Jenkins-Foreman, 2018; McArdle et al., 2005). This 

led to the development of paediatric or simplified versions of matrix sentence tests in a number 

of countries, which use three-word pseudo sentences instead of five-words, thereby reducing 

the cognitive load and effects on working memory (Neumann et al., 2012). The simplified 

University of Canterbury Auditory-Visual Matrix Sentence Test - Paediatric (UCAMST-P), 

was produced by O’Beirne and Jenkins-Foreman (2018). This simplified format should be 

better suited to the short-term auditory memory span of the paediatric and geriatric populations 

(Jenkins-Foreman, 2018). As it currently stands, the UCAMST and UCAMST‐P have only 

been tested on populations with normal hearing. This research project will test populations with 

varying degrees of hearing impairment using the UCAMST‐P in quiet and cross-validate its 

performance against the CVC word recognition test in view of progressing it towards routine 

clinical use. The aim of this research is to examine the relationship between hearing thresholds 

and the UCAMST-P SRT in quiet, and to determine if there is any correlation between results 
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from UCAMST-P tests in quiet and meaningful CVC word recognition tests in quiet. For this 

study, the visual portion of the UCAMST-P is excluded. 

1.5.3 Fixed vs Adaptive 

The method for seeking threshold in speech tests can be done with a fixed or adaptive 

procedure. Fixed tests measure a percent correct at a fixed presentation level or SNR, which is 

determined by the audiologist and remains the same throughout the test. Adaptive tests adjust 

the intensity level of the speech (or the noise, if present), based on the listener’s response 

(Taylor, 2003). A possible advantage of a fixed level test is that they provide a simple result of 

a percent correct score that is easy to interpret and discuss results and potential hearing aid 

benefit with the client. A disadvantage of the fixed procedure is the difficulty of determining 

the SRT, and the problem of floor and ceiling effects due to an inappropriate level. One clinical 

application of the fixed procedures is to present in the unaided and aided condition with three 

lists of varying listening difficulty scenarios for both conditions, which minimises the 

likelihood of floor and ceiling effects. When performing testing to measure any benefits of 

amplification, the stimuli are presented in the sound field, and not via earphone transducer, 

either with stimuli and noise (if present) delivered from the same speaker, or from speakers in 

different spatial locations. The results for unaided and aided conditions can be compared and 

discussed with the client. One fixed speech-in-noise test available in the Speech Perception in 

Noise (SPIN) test, which is presented with multi-talker babble and has sentences between five 

and eight words long. Half of the words of high predictability and half have low predictability, 

with the last word of each sentence is scored (Taylor, 2003). The last word that is scored is a 

monosyllabic target word, which is of low predictability given the limited clues from the 

preceding context. Recognition performance scores are based on the percentage of low and 

high percentage words that were repeated correctly. Because of the test having both low and 

high predictability scores, the SPIN test not only assesses the acoustic-phonetic components of 
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speech, but also looks at the ability of an individual to use linguistic context (McArdle & 

Hnath-Chisolm, 2014). Two common adaptive speech-in-noise tests are called the Hearing in 

Noise Test (HINT) and the Quick Speech-in-Noise Test (Quick SIN). The two tests use 

different types of sentences and different types of noise stimulus. The HINT uses modified 

Bamford-Kowal-Bench (BKB) standard sentence lists and consist of simple vocabulary and 

syntax (McArdle & Hnath-Chisolm, 2014; Nilsson et al., 1994). The BKB sentences are made 

of 25 equivalent lists of 10 sentences that have been normalised for naturalness, difficulty, and 

reliability (Bench et al., 1979; Nilsson et al., 1994). The listener is instructed to repeat the entire 

sentence and must repeat all key words in the sentence correctly to receive credit. The speech-

shaped type of background noise is held constant, typically 65 dB SPL, while the presentation 

signal increases or decreases in 2dB steps, depending on the listeners response, to arrive at the 

point at which the listener repeats 50% of the sentences correctly, known as the SRT (Taylor, 

2003).  

The QuickSIN™ is another adaptive method that uses the Institute of Electrical and Electronics 

Engineers (IEEE) sentences, in the presence of multi-talker babble. There are six sentences per 

list, which are comprised of low context, meaningful sentences and contain five key words. 

The intensity level of the sentences remains fixed while the background babble noise increases 

with each list, thereby increasing the level of difficulty. The level of background noise is 

automatic, making it easy to use in the clinical setting. All key words are scored as correct or 

incorrect, with one point given for each key word repeated correctly. The number of correct 

words is added up and subtracted from a reference 25.5 dB, which gives a total known as the 

SNR loss. The SNR loss can be obtained from both ears separately and obtained in 

approximately two minutes. The QuickSIN test recommends presenting the stimulus level at 

70 dB HL for a pure tone average of 45 dB or below or a volume consider loud but comfortable 

for those with a pure-tone average (PTA) of 50 dB or above (Interacoustics, 2020). For 
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clinicians that use outcome measures such as the Client Oriented Scale of Improvement (COSI) 

to establish communication goals with amplification, performance on SIN tests can provide a 

valuable counselling tool in setting realistic expectations (Wilson et al., 2007). QuickSIN 

provides a table stating the degree of SNR loss and expected improvement with directional 

microphones in hearing aids. A SNR loss of 0-3 dB is considered normal or near normal and 

the other end of the scale with a SNR loss of more than 15 dB is considered a severe SNR loss 

(Interacoustics, 2020). Knowing their SNR loss helps the clinician recommend an appropriate 

technology, such as directional microphones and FM systems. If the client had an SNR loss of 

0-3 dB, they may hear better than normal in noise with directional microphones, where a client 

with a SNR loss of over 15 dB may need maximum SNR improvement and FM system should 

be considered (Interacoustics, 2020; Killion et al., 2004),  

1.5.4 Stimuli: Word vs Sentence 

As mentioned previously, speech tests are available using words or sentence stimuli and this 

parameter should be taken in consideration when assessing a client’s ability to understand 

speech. There are speech tests available that use sentences and it is suggested that these tests 

are more representative of real-world communication challenges, compared to speech tests 

using words. According to research, speech recognition for sentences requires more cognitive 

demand than for words. Both sentence and word tests use a combination of auditory processing 

and cognitive and linguistic skills. However, sentence recognition relies more on cognitive and 

linguistic skills than single word recognition. Therefore, when speech recognition performance 

is measured in these tests, they do not only measure auditory processing (Spyridakou & 

Bamiou, 2015).  

Speech tests using monosyllabic words are valuable for assessing a listener’s word recognition 

ability in the presence of background without the advantage of contextual clues to help the 
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listener hear the words which may be unintelligible (Ozimek et al., 2009). However, 

monosyllabic is not representative to listening challenges experienced in the real word, so, 

many speech tests use sentence materials that allows listeners to make use of the contextual 

cues which are corrupted in everyday conversation. Therefore, degree of face validity is higher 

for sentence stimuli because it is more closely representative to the communication difficulties 

experienced by a client (Killion et al., 2004).  

Another advantage of sentence stimuli is the ability for the test to use different speech sounds 

in a single presentation. This stimulus often results in steeper slopes that can indicate better 

accuracy when estimating the SRT (Hochmuth et al., 2012). Thus, the clinical efficacy for 

using sentence stimuli is high as it produces reliable results in a short amount of time (Nilsson 

et al., 1994). The PI function of many sentence tests have shown steeper slopes than that for 

tests using single words. It has been noted that the SRT is related to an intelligibility value of 

50%, which is a value too low for a meaningful conversation. It is much more useful to the 

listener’s communication where intelligibility is beyond 80% (Brand & Kollmeier, 2002).  

Research has shown that results can vary significantly for speech tests based on the parameters 

such as speech stimulus (words vs. sentences), and for speech-in-noise tests, the type of masker 

(noise, multi-talker babble). This could be due to age and cognitive and linguistic differences 

between listeners. It is important for clinicians to carefully select the appropriate test, in 

addition to the usual audiological battery tests, in order to identify communication challenges 

in older adults with the aim of a suitable management plan (Spyridakou & Bamiou, 2015). 

1.5.5 5-word vs 3-word matrix tests 

The majority of speech intelligibility tests have been developed for working-age adults. Due to 

the fact primary school children are still developing their ability to understand speech, and 

language delays may limit the vocabulary of hearing-impaired children, the speech 
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intelligibility tests that are commonly used for adults, may not be suitable for paediatric hearing 

assessments. It is well recognised the need for age-appropriate speech intelligibility tests. There 

has been several simplified versions of the most commonly used speech tests developed such 

as the Hearing in Noise Test for Children (HINT-C), which is a paediatric version of the 

original HINT, the Polish Paediatric Matrix Sentence Test (PPMST) and the Oldenburger 

Kinder-Satztest/Oldenburg Sentence Test for Children (OLKISA), based on the German OLSA 

(Oldenburger Satztest/Oldenburg Sentence Test (Neumann et al., 2012; Ozimek et al., 2012)). 

As discussed previously, speech recognition in noise is affected by age and there has been 

many studies showing aging and cognitive decline affecting understanding speech in noise, 

independent of the severity of hearing impairment. As mentioned for paediatrics, speech testing 

for working-age adults, may not be suitable for elderly patients. Sentence tests are generally 

favoured over single words tests as they better represent everyday listening situations. 

However, lengthy sentence test procedures can be too long and cognitively demanding for 

some elderly patients (Willberg et al., 2020). This is why a simplified sentence test for elderly 

patients is desirable. Willberg et al., (2020) developed a simplified version of the Finnish 

matrix sentence test (FMST) to improve reliability of hearing assessments for children and 

older adults with limited working memory capacity. The FMST is another matrix sentence test 

based on the Hagerman matrix sentences (Hagerman, 1982). The first simplified version of the 

matrix test, OlKiSa, was based on the Oldenburger Satztest, the German MST, and uses three-

word pseudo-sentences, each with a numeral, adjective and object noun (e.g. three red cars) 

compiled from a word matrix of 21 words. OlSa was developed on the basis of the Swedish 

sentence test by Hagerman (1982) for school children and adults. It consists of five-word 

sentences and has been determined to be a reliable and valid test. It was found that the outcomes 

were less reliable for school-aged children than for adults, likely due the auditory memory span 

being shorter for children than for adults. Because of this, the OlSa was modified to the OlKiSa 
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to suit younger children. The OlKiSa was evaluated with normal hearing children in noise and 

showed lower variance than the original OlSa (Neumann et al., 2012). The test procedure takes 

less time as one list contains 14 pseudo-sentences instead of the 20-30 sentences in a typical 

MST (Willberg et al., 2020) 

The MST has also been developed for the Italian language in an open-set and closed-set format 

(Puglisi et al., 2015). It was noted that the five-word sentences might be too long for assessing 

adults that have a shorter auditory memory span. The Italian MST was modified from five 

words to a three-word pseudo-sentence version including seven out of 10 numerals, adjectives 

and nouns. The limited number of words combined with the closed-set response format makes 

the test useful for remote testing or self-administered applications with a computer, tablet, or 

mobile phones where only a few response alternatives can be displayed. The modified Italian 

MST was developed to account for the challenging aspects of assessing speech audiometry in 

children, as well as, providing useful material for certain applications in adults (Puglisi et al., 

2021). It was shown that the simplified MST is a reliable tool for diagnostics but also for 

assessing benefit from hearing aids and cochlear implants (Neumann et al., 2012).  

MSTs have typically been done in the presence of background noise. As discussed previously, 

testing in quiet conditions is valuable as it demonstrates the listener’s ability to understand 

speech in optimal listening conditions. MSTs are also suitable for testing in quiet conditions, 

which will be examined in this study. 

1.5.6 Open vs closed presentation  

Stimuli for MSTs can be delivered in an open or closed-set presentation mode. The open set 

format requires the listener to verbally repeat what they think they heard for each sentence 

presentation and the test administrator scores their responses accordingly. However, the test 

administrator must have a certain level of familiarity of the test language (Zokoll et al., 2015). 

The closed-set format enables the test to be self-administered by the listener by pressing the 
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appropriate response using a keyboard, touch-screen or any other response device. A closed-

set format removes the necessity of repeating the words by the listener and scoring them by the 

test administrator, allowing more efficient use of clinical time and also eliminating possible 

scoring errors. The MST can be used in a language native to the listener without being the  

native language of the test administrator. This closet-set format supports speech testing across 

many languages, making it useful in clinics that have clients with diverse range of languages 

(Kollmeier et al., 2015). The closed-set format testing has continued to be a popular choice in 

clinical settings because it can be easily administered and scored in a short amount of time. 

Research has shown the results to be reliable even with a small number of trials and the 

participants did not show learning over the course of the task (Clopper et al., 2006).  

It has been found that the different response formats lead to different SRTs – on average, the 

closed-set response format produces lower SRTs than the open-set format (Zokoll et al., 2015). 

For the Spanish MST, researchers found a significant difference between the open and closed-

set formats with better results for the closed set format, having the basic word matrix as a visual 

clue (Hochmuth et al., 2012). The Polish MST found no difference in the listeners 

performances between open and closed-set formats. However, it was noted that the subjects 

were extensively trained before the measurements and a smaller difference was expected in the 

Polish MST study when compared to others MSTs studies that did not have extensive training 

beforehand (Ozimek et al., 2010). One possible reason why studies have shown a difference in 

performance between open-set and closed-set format is that recognising words in the closed-

set condition is simply easier than recognising those same words in an open-set format without 

the visual cues available. Research suggests that the basic perceptual processes used to 

recognise words in the open-set and closed-set formats are not equivalent and any comparisons 

of performance between open and closed set should be interpreted with caution for both normal 

hearing and hearing impaired listeners (Clopper et al., 2006). 
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1.6 Aims and Hypotheses 

The aim of this current study is to compare the performance of the UCAMST-P in quiet 

conditions against meaningful CVC words (revised AB) word recognition test, another speech 

test routinely used in NZ audiology practice, as described previously. In order to verify this, 

this study will answer the following questions:  

1. Is there any significant correlation between SRT from the UCAMST-P in quiet and the 

half-peak level from the meaningful CVC (revised AB) word speech recognition test? 

Additionally, this study will investigate its relationship with pure tone audiometric 

thresholds. 

2. Is there a significant difference between the UCAMST-P results for open and closed 

set formats in quiet, in terms of slope and SRT? 

The null hypotheses are therefore: 

1. There is no significant correlation between SRT from the UCAMST-P in quiet and the 

half-peak level from the meaningful CVC (revised AB) word speech recognition test. 

2. There is no significant difference between the UCAMST-P results for open and closed 

set formats in quiet for either SRT or slope. 

In addition to these two hypotheses, this study also looks to answer the following research 

questions: 

a. Is the test-retest reliability of the UCAMST-P in quiet affected by increasing 

age? 

b. Is the test-retest reliability of the UCAMST-P in quiet affected by severity of 

hearing impairment? 

c. Is the test-retest reliability UCAMST-P in quiet affected by the score on the 

Mini-ACE?  
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Chapter 2 – Methods 

2.1 Introduction 

The purpose of this study is to investigate the relationship between performance on the 

UCAMST-P in quiet and meaningful CVC words (revised AB) word recognition test in open 

and closed conditions. In addition, this study looks at whether test-retest reliability of the 

UCAMST-P in quiet is affected by increasing age, severity of hearing impairment or score on 

the Mini-ACE. This study was run in conjunction with another Master of Audiology study 

(Kerr, in progress), which investigated the relationship between performance on the UCAMST-

P in noise and QuickSIN in open and closed conditions.  

Ethical approval was given on 26th August, 2021 from the University of Canterbury Human 

Ethics Committee prior to commencement of the data collection (see Appendix A.1 for copy 

of the approval letter), with a subsequent amendment approved on 28th September, 2021 (see 

Appendix A.2). The procedures employed in the current study were run in accordance with that 

stipulated in the approved ethics application and amendment.  

2.2 Participants 

Participants were recruited from the University of Canterbury School of Psychology, Speech 

and Hearing database via circulation of an email invitation (see Appendix A for the information 

sheet and invitation to participate). This research required adult participants over the age of 18 

who have volunteered, have good eyesight (with or without corrective lenses), be native 

speakers of New Zealand English, have no chronic dexterity problems, and have no cognitive 

difficulties that may impact the results. A $20 MTA voucher was presented to all participants 

who took part. 

It was necessary for the participants to have varying degrees of hearing ability (groups within 

normal hearing limits, mild, moderate and severe sensorineural hearing loss). This is to 
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examine the impact of hearing impairment on performance of the UCAMST-P in quiet. We 

define normal hearing has having a PTA (average of the hearing thresholds 500, 1000, 2000, 

and 4000 Hz) of < 20 dB HL obtained by air conduction (AC) using insert earphones or 

headphones. We define a sensorineural hearing impairment as having a PTA of ≥ 20 dB HL 

that is accompanied by bone conduction (BC) thresholds (obtained using a bone conductor) < 

15 dB HL of the AC. We define a conductive hearing impairment as having a PTA of ≥ 20 dB 

HL that is accompanied by bone conduction (BC) thresholds (obtained using a bone conductor) 

≥ 15 dB HL of the AC. We define a unilateral hearing loss as having a PTA of < 20 dB HL in 

one ear and a PTA of ≥ 20 dB HL in the other ear. We will select normal hearing participants 

based on our definition of normal hearing and hearing impaired based on those given for a 

sensorineural, conductive, and unilateral loss. 

A total of 64 participants were recruited for this study with varying degrees of hearing 

impairment, including normal hearing participants. The average participant age was 69.3 ± 12.8 

years. 

2.3 Procedures  

Upon arrival for the testing appointment, participants received an Information Sheet and a 

Consent Form, which was required to be signed prior to testing. All participants were verbally 

given information on the procedures and were given the opportunity to ask questions.  

2.3.1 Mini-Addenbrooke’s Cognitive Examination (Mini-ACE or M-ACE) 

The Mini-Addenbrooke’s Cognitive Examination (Mini-ACE) is a cognitive screening tool and 

was administered to all participants in this study before other testing took place. The Mini-

ACE is an abbreviated version of the Addenbrooke’s Cognitive Examination (ACE), which 

was developed to provide a more comprehensive cognitive assessment and was shown to have 

good validity as a screening tool for dementia. Dementia is characterised by memory loss or 
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cognitive function, resulting in reduced ability to perform basic tasks in everyday activities 

(Beishon et al., 2019). The Mini-ACE consists of 5 items with a maximum score of 30 

including sections on attention, orientation, memory, letter fluency, clock drawing, and 

memory recall. This test is useful for screening for cognitive difficulties because it is easy and 

quick to use, taking approximately 5 minutes to complete. As with any cognitive screening 

tool, the Mini-ACE is only part of the process of diagnosing dementia and is certainly not 

diagnostic on its own (Cognitive Impairment Assessment Review Working Group, 2020). 

2.3.2 Audiological assessment 

Participants were asked about their hearing, and health factors that may have an impact on their 

hearing, before undergoing otoscopy and pure-tone audiometric testing.  Otoscopy was 

performed to make sure the external ear was free from obstruction that may affect the results 

of the hearing tests. Pure-tone audiometry, speech testing (meaningful CVC words) and 

tympanometry was conducted in accordance with the New Zealand Audiological Society best 

practice guidelines (New Zealand Audiological Society, 2016, 2021). If a participant had 

undergone audiometric testing in the previous six months and the results are available to the 

researcher, this step was omitted. 

Detailed testing protocol for each condition: 

2.3.3 CVC words 

Participants that did not have a recent audiogram from the last six months that included CVC 

words had to undergo a full audiological test battery. The meaningful CVC (revised AB) word 

recognition test and the QuickSIN were assessed in a sound attenuated test both by means of a 

calibrated audiometer with an attached compact disc player. Speech test material was delivered 

via insert earphones or TDH supra-aural headphones worn by the participants. For the CVC 

word recognition test, procedures were carried out in line with NZAS Best Practice Guidelines 
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(New Zealand Audiological Society, 2016). If known, the better ear was tested first. The 

participant was given clear instructions to repeat the word and to guess if they were unsure, 

even if it was part of a word as they get partial credit for parts of the words. Initial presentation 

levels were selected based on their hearing thresholds at 2kHz, according to NZAS Best 

Practice Guidelines. If PIMax was not achieved, presentation was increased by 5 to 10dB, as 

long as the level was within the range of comfortable hearing. PIMax of 90% is considered 

acceptable for clinically efficient practice. There were some participants that could not achieve 

a PIMax of 90%, so care was taken when increasing presentation levels to ensure it was not 

uncomfortably loud. The next list of words were presented at 10 – 20dB below their PIMax and 

normally another list 10dB below to obtain at least three data points to plot the PI function. As 

discussed previously, the HPL is the level at which the listener scores half the score of the 

PIMax.  The HPL is a clinically important goal, so testing was continued until the PI function 

can be plotted and the HPL can be calculated. The scoring is based on correct phonemes with 

a total of 10 points for each word. Each list of words contain 10 monosyllabic words for a total 

of 100 possible points (100% correct) for each list. Speech scores can be described and put into 

the following categories:  

 Excellent of within normal limits = 90 - 100% 
 Good or slight difficulty = 78 - 88% 
 Fair to moderate difficulty = 66 - 76% 
 Poor or great difficulty = 54 - 64% 
 Very poor = <52% 

2.3.4 Matrix sentence test (UCAMST-P) 

Testing with the UCAMST-P was carried out in the same sound attenuated test booth as pure-

tone audiometry, speech testing and the QuickSIN. They were seated at a table with a laptop 

and headphones. The researcher was seated near the table so they could arrange the laptop 

depending on whether it was an open (screen directed away from participant) or closed (screen 

towards the participant) set condition. The sentence stimuli were presented through Sennheiser 
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HD280 Pro circumaural headphones connected to a Soundblaster X-Fi Surround 5.1 Pro USB 

sound card.  

Participants were verbally instructed that they would hear multiple three-word sentences in 

quiet, or in background noise, and that the background noise would change in intensity as the 

test progressed. They were instructed to either respond verbally (open-set response) or to use a 

touch screen to indicate their answer (closed-set response) and encouraged to guess if they were 

not sure. For the closed-set response format participants had a touch-screen display in front of 

them with an eighteen-word response table for the three-word sentences of the UCAMST-P 

(see Figure 1). For the open-set response format, the researcher has a scoring interface 

displayed on the screen from which they select the words, if any, the participant gets correct. 

The participant was not be able to see the scoring interface or the results for the closed-set 

response format.  Each participant was presented with thirty sentences for both open-set and 

closed-set response formats.  The order of testing (noise closed right, noise closed left, noise 

open right, noise open left, quiet closed right, quiet closed left, quiet open right, quiet open left) 

for each participant was randomised to account for any order effects. Each participant was 

presented with these eight test lists and four retests. 

At the beginning of testing each response format, two practice lists of twenty sentences was 

administered to ensure the participants have understood the task, and so their performance can 

be stabilised before testing, to take into account any training effects (Wagener & Brand, 2005).  
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UCAMST-P 3-word sentence closed-set response options 

In keeping with similar methodology of previous studies, this research used only the auditory 

alone condition, leaving out the visual presentation mode. Findings from previous studies have 

shown participants became reliant on the visual cues when presented in the auditory-visual 

condition (Ripberger, 2018). 
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2.4 Statistical Analyses 

For the two hypotheses, we removed the 14 participants that did not pass the Mini-ACE 

screening tool. There was a total of 64 participants (128 ears) and after excluding the 14 that 

did not pass the screening, a total of 50 participants (100 ears) that were included in the data 

analysis for the two hypotheses. The Central Limit Theorem, which was assumed for this 

research study, states that, when the sample size is large enough, then the distribution of the 

sample means will be approximately normally distributed (Lock et al., 2017). Therefore, we 

did not check for normal distribution or bias.  

A correlation analysis using the Pearson’s coefficient was used to test the first hypothesis: Is 

there any significant correlation between SRT from the UCAMST-P in quiet and the half-peak 

level from the meaningful CVC (revised AB) word speech recognition test?  

A paired samples T-Test was used to test the second hypothesis:  Is there a significant 

difference between the UCAMST-P results for open and closed set formats in quiet, in terms of 

slope and SRT? 

For the three remaining research questions relating to test-retest reliability, an examination of 

the reliability was undertaken for each group, looking at Cronbach’s alpha and standard error 

of the means. All statistical analysis was performed using Jamovi software (jamovi, 2022). 
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Chapter 3 - Results 
Introduction 

The findings of this study are reported in the following sections. The first section, correlation 

is examined between the SRT of the UCAMST-P presented in quiet for both the open and 

closed-set conditions and the HPL of the Meaningful CVC (revised AB) word recognition test. 

An additional assessment investigating the relationship between PTA and SRT of the 

UCAMST-P and HPL of Meaningful CVC (revised AB) word recognition test is presented. 

Following this, an analysis is undertaken looking at significant difference between the 

UCAMST-P results for both open and closed-set formats. For the remaining section, this study 

investigates test-retest reliability of the UCAMST-P. 

The first hypothesis asked the question: Is there any significant correlation between SRT from 

the UCAMST-P in quiet and the half-peak level from the meaningful CVC (revised AB) word 

speech recognition test? To investigate this, a correlation analysis, using the Pearson’s 

correlation coefficient, was performed using Jamovi software (jamovi, 2022). The outcome of 

this is detailed in Table 1.  

 

 

Note. r = Pearson's Rho correlation coefficient; p = probability value 

The findings in Table A reveal there is a significant correlation between the SRT of Meaningful 

CVC (revised AB) word recognition test and both the closed-set and open-set quiet conditions 

for the UCAMST-P. This relationship can be visualised in Figure 1.  

Table 1 Correlations between the closed set and open set, quiet UCAMST-P 
conditions and the meaningful CVC (revised AB) word recognition test with 
regards to SRT 

  
Meaningful CVC (revised AB) 

word recognition test 

Variable 
UCAMST-P 

Condition   
SRT 

SRT 

Closed Set 
Quiet 

r 0.868 
p <.001 

Open Set 
Quiet 

r 0.879 
p <.001 



41   

  

Figure 1. Correlations between the SRT of the UCAMST-P presented in quiet and the half-peak level of the 
Meaningful CVC (revised AB) words in the closed-set (Panel A) and open-set (Panel B) conditions. Data are 
presented for all ears of all participants who passed the Mini-ACE. 

 

Scatter plots showing correlations between SRT of the UCAMST-P presented in quiet in the 

closed and open-set conditions and PTA/4FA for all participants that passed the Mini-ACE can 

be seen in Figure 2 and 3. Additional scatter plots showing correlations between the HPL of 

the Meaningful CVC (revised AB) words presented in quiet in the open-set condition and PTA 

for all participants that passed the Mini-ACE can be seen in Figure 4. As expected, there is a 
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positive relationship showing a high correlation between SRT and PTA for all conditions 

investigated.  

 

Figure 2. Correlations between the SRT of the UCAMST-P presented in quiet in the closed set condition and the 
pure-tone average (500 Hz, 1 kHz, 2 kHz; Panel A) and four-frequency average (500 Hz, 1 kHz, 2 kHz, 4 kHz; 
Panel B). Data are presented for all ears of all participants who passed the Mini-ACE. 
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Figure 3. Correlations between the SRT of the UCAMST-P presented in quiet in the open set condition and the 
pure-tone average (500 Hz, 1 kHz, 2 kHz; Panel A) and four-frequency average (500 Hz, 1 kHz, 2 kHz, 4 kHz; 
Panel B). Data are presented for all ears of all participants who passed the Mini-ACE. 
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Figure 4. Correlations between the half-peak level of the Meaningful CVC (revised AB) words presented in quiet 
in the open set condition and the pure-tone average (500 Hz, 1 kHz, 2 kHz; Panel A) and four-frequency 
average (500 Hz, 1 kHz, 2 kHz, 4 kHz; Panel B). Data are presented for all ears of all participants who passed 
the Mini-ACE. 
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A correlation analysis for right ear and left ear was done between SRT of the UCAMST-P 

/ HPL of CVC word recognition test and PTA including thresholds of 500, 1000 and 

2000Hz and is shown below:  

 Closed-set UCAMST-P SRT vs PTA: 
o All ears (shown in Figure 2A): R² = 0.7998, R = 0.894 
o Right ear only: R² = 0.8666, R = 0.931 
o Left ear only: R² = 0.7406, R = 0.861 

 Open-set UCAMST-P SRT vs PTA: 
o All ears (shown in Figure 3A): R² = 0.8089, R = 0.899 
o Right ear only: R² = 0.8463, R = 0.920 
o Left ear only: R² = 0.7720, R = 0.879 

 CVC HPL vs PTA: 
o All ears (shown in Figure 4A): R² = 0.8748, R = 0.935 
o Right ear only: R² = 0.8776, R = 0.937 
o Left ear only: R² = 0.8728, R = 0.934 

 

Interestingly, the right ear correlations and higher than the left ear correlations for all 

conditions. A possible explanation for this may be due to right ear hearing advantage, which 

will be discussed further in the following chapter. 

A correlation analysis for right ear and left ear was also done between SRT of the UCAMST-

P / HPL of CVC word recognition test and 4FA including thresholds of 500, 1000, 2000 and 

4000Hz and is shown below:  

 Closed-set UCAMST-P SRT vs 4FA: 
o All ears (shown in Figure 2B): R² = 0.7784, R = 0.882 
o Right ear only: R² = 0.8355, R = 0.914 
o Left ear only: R² = 0.7286, R = 0.854 

 Open-set UCAMST-P SRT vs 4FA: 
o All ears (shown in Figure 3B): R² = 0.7794, R = 0.883 
o Right ear only: R² = 0.8130, R = 0.902 
o Left ear only: R² = 0.7476, R = 0.865 

 CVC HPL vs 4FA: 
o All ears (shown in Figure 4B): R² = 0.8677, R = 0.932 
o Right ear only: R² = 0.8611, R = 0.928 
o Left ear only: R² = 0.8745, R = 0.935 

 

Correlations are shown with the 4FA to be slightly lower than the PTA. Again, right ear 

correlations and slightly higher than the left ear correlations for UCAMST-P, but this was not 

the case for CVC. 
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An additional assessment investigating the relationship between PTA and SRT of both the 

UCAMST-P and HPL of Meaningful CVC (revised AB) words was undertaken. As mentioned 

previously, SRT is the lowest level at which the listener can correctly identify the words 50% 

of the time. SRT can be used as a cross-check for the validity of pure tone audiometry 

thresholds, typically calculated from the average thresholds at 500, 1000 and 2000Hz, if the 

hearing loss is relatively flat. If there is high frequency hearing loss, with thresholds at 2000Hz 

significantly reduced, the SRT can be compared to the average thresholds at 500Hz and 

1000Hz. If there was a significantly steep slope (or rise), SRT could be compared to the best 

two frequencies. Agreement between SRT and PTA is considered good if they are within ±6 

dB, fair if within ± 7-12 dB and poor if  ≥ 13 dB of each other. For speech tests using CVC 

words, the HPL should be within ± 15 dB of the 1000Hz threshold for a relatively flat hearing 

loss and within ± 15 dB of the average threshold from 2000Hz to 4000Hz for a sloping hearing 

loss (Boothroyd, 1968; New Zealand Audiological Society, 2016).  

An analysis was done looking at the differences between SRT (mean ± SEM) of the UCAMST-

P / HPL of CVC word recognition test and PTA including thresholds of 500, 1000 and 2000Hz. 

 On average, closed-set UCAMST-P SRTs were 11.5 ± 0.8 dB lower than the PTA, with 

26% of SRTs being within ± 6 dB and 48% within ± 10 dB of the PTA. If we take this 

11.5 dB PTA offset into account, 57% of UCAMST-P closed-set SRTs were clustered 

within ± 6 dB of this offset PTA (i.e. “the PTA - 11.5 dB”), and 83% of SRTs were 

within ± 10 dB. 

 Open-set UCAMST-P SRTs were closer to the PTA than closed-set, being on average 

7.5 ± 0.8 dB lower than the PTA. 46% of SRTs were within ± 6 dB and 72% within ± 

10 dB of the PTA. Taking this 7.5 dB PTA offset into account, 61% of UCAMST-P 

open-set SRTs were clustered within ± 6 dB of this offset PTA (i.e. “the PTA - 7.5 

dB”), and 84% were within ± 10 dB. 
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 Visually estimated open-set CVC HPLs were also close to the PTA, being on average 

5.9 ± 0.6 dB higher than the PTA, with 43% of HPLs being within ± 6 dB and 84% 

within ± 10 dB of this value. Taking this 5.9 dB PTA offset into account, 74% of open-

set CVC HPLs were clustered within ± 6 dB of this offset PTA (i.e. “the PTA + 5.9 

dB”), and 90% were within ± 10 dB. 

 As the visually estimated CVC HPLs were quantised to the nearest 5 dB HL, we also 

investigated HPLs resulting from psychometric functions fitted to the CVC 

intelligibility data (using a Levenberg-Marquardt nonlinear least-squares fit). Similar 

results were obtained to the quantised data, with fitted open-set CVC HPLs being on 

average 4.6 ± 1.56 dB higher than the PTA. 38% of fitted HPLs were within ± 6 dB and 

66% within ± 10 dB of this value. Taking this 4.6 dB PTA offset into account, 68% of 

fitted open-set CVC HPLs were clustered within ± 6 dB of this offset PTA (i.e. “the 

PTA + 4.6 dB”), and 84% were within ± 10 dB. 

 
Another analysis was done looking at the differences between SRT of the UCAMST-P / HPL 

of CVC word recognition test and 4FA including thresholds of 500, 1000, 2000 and 4000Hz. 

In general, the UCAMST-P SRTs were closer to the PTA than the 4FAs, whereas for CVC 

words, the open-set HPLs were much closer to the 4FA than PTA. As the analysis is equivalent 

to that described above, the results are presented in tabular form as follows:  

The average difference (± SEM) between SRT/HPL and 4FA was: 
 The closed-set UCAMST-P SRTs were 16.9 ± 0.9 dB lower than the 4FA 

o 10% of UCAMST-P closed-set SRTs were within ± 6 dB of the 4FA 
o 21% of UCAMST-P closed-set SRTs were within ± 10 dB of the 4FA 
o 52% of UCAMST-P closed-set SRTs were within ± 6 dB of the offset 4FA 

(i.e. “the 4FA - 16.9 dB”) 
o 77% of UCAMST-P closed-set SRTs were within ± 10 dB of the offset 4FA 

(i.e. “the 4FA - 16.9 dB”) 
 The open-set UCAMST-P SRTs were 12.9 ± 0.8 dB lower than the 4FA 

o 18% of open-set UCAMST-P SRTs were within ± 6 dB of the 4FA 
o 39% of open-set UCAMST-P SRTs were within ± 10 dB of the 4FA 
o 55% of open-set UCAMST-P SRTs were within ± 6 dB of the offset 4FA 

(i.e. “the 4FA - 12.9 dB”) 
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o 77% of open-set UCAMST-P SRTs were within ± 10 dB of the offset 4FA 
(i.e. “the 4FA - 12.9 dB”) 

 The open-set CVC HPLs were 0.5 ± 0.6 dB greater than the 4FA 
o 65% of CVC HPLs were within ± 6 dB of the 4FA 
o 90% of CVC HPLs were within ± 10 dB of the 4FA 
o 73% of CVC HPLs were within ± 6 dB of the offset 4FA (i.e. “the 4FA + 0.5 

dB”) 
o 89% of CVC HPLs were within ± 10 dB of the offset 4FA (i.e. “the 4FA + 

0.5 dB”) 
 The open-set CVC fitted SRTs were 0.8 ± 1.5 dB lower than the 4FA 

o 64% of CVC fitted SRTs were within ± 6 dB of the 4FA 
o 85% of CVC fitted SRTs were within ± 10 dB of the 4FA 
o 62% of CVC fitted SRTs were within ± 6 dB of the offset 4FA (i.e. “the 4FA 

– 0.8 dB”) 
o 84% of CVC fitted SRTs were within ± 10 dB of the offset 4FA (i.e. “the 

4FA – 0.8 dB”) 
 

The second hypothesis asked the question: Is there a significant difference between the 

UCAMST-P results for open and closed set formats in quiet, in terms of slope and SRT? 

These data are shown in Figure 5 below, as well as the fitted-CVC word data. 
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Figure 5. Psychometric functions for the UCAMST-P in quiet in the closed-set (Panel A) and open-set (Panel B) 
conditions. For comparison, the fitted CVC data is also shown (Panel C). The bold trace represents the curve 
plotted from the mean SRT and mean slope. Data are presented for all ears of all participants who passed the 
Mini-ACE. 

 

To investigate this hypothesis, a paired samples T-Test was performed. The outcome of this is 

shown in Table 2 and 3. 
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Paired Sample T-Test 
for SRT               

 Mean 
difference 

SE 
difference 

95% Confidence 
Interval     

95% Confidence 
Interval 

  p Lower Upper   Effect Size Lower Upper 
  <.001 -3.67 0.333 -4.29 -3.06 Cohen's d -1.21 -1.47 -0.948 

Table 2. Results of Paired Sample T-Test for open and closed-set conditions, in terms of SRT 

  

The findings in Table 2 reveal p of <.001, which says there is a significant difference between 

the Means in the UCAMST-P open and closed in quiet conditions. Cohen’s d is the difference 

between two means relative to the standard deviation (in this study the two means of 

UCAMST-P results for open and closed set formats in quiet, in terms of slope and SRT). Here 

the Cohen’s d effect size is 1.21, indicating the two means are 1.21 standard deviations apart. 

The 95% confidence interval around the effect size and Mean shows the range of effect size 

values expected in 95 out of 100 replications of the study. This indicates a small range of values 

to expect, therefore, these results are conclusive. 

 

Paired Sample T-Test 
for Slope               

 Mean 
difference 

SE 
difference 

95% Confidence 
Interval     

95% Confidence 
Interval 

  p Lower Upper   Effect Size Lower Upper 
  0.202 -.0892 0.0694 -0.227 0.0487 Cohen's d -0.130 -0.320 0.0698 

Table 3. Results of Paired Sample T-test for open and closed-set conditions, in terms of slope 

The findings in Table 3 reveal p of 0.202, which means we cannot conclude that a significant 

difference exists between the Means in the UCAMST-P open and closed in quiet conditions. 

Cohen’s d is the difference between two means relative to the standard deviation (in this 

study the two means of UCAMST-P results for open and closed set formats in quiet, in terms 

of slope and SRT). Here the Cohen’s d effect size is 0.13, indicating the two means are 0.13 

standard deviations apart. 
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The 95% confidence interval around the effect size and Mean shows the range of effect size 

values expected in 95 out of 100 replications of the study. This indicates a small range of values 

to expect, therefore, these results are conclusive. 

This study also looked into answering the following questions:  

a. Is the test-retest reliability of the UCAMST-P in quiet affected by increasing age? 

b. Is the test-retest reliability of the UCAMST-P in quiet affected by severity of hearing 

impairment? 

c. Is the test-retest reliability UCAMST-P in quiet affected by the score on the Mini-

ACE?  

To investigate these questions of test-retest reliability, an examination of the reliability was 

undertaken for each group, looking at Cronbach’s alpha and standard error of the means. The 

SRT values are the variable for this analysis. For the third question looking at reliability 

affected by age, the data of individual ears of the participants were separated out in two groups: 

participants under the age of 74 and participants aged 74 and older. Data for all 64 participants 

was included in the reliability part of the analysis. The participants individual ears were 

analysed separately and only a portion of them were retested for test-retest reliability. The 

outcome of this analysis can be seen in Table 4. 

Table 4. Reliability values between age groups for the closed set and open set, quiet UCAMST-P conditions  

Age group Response mode Average measurement error Cronbach's α 

All Closed: ± 1.71 0.950 

Open: ± 1.60 0.951 

AGE < 74 Closed: ± 2.00 0.950 

Open: ± 1.91 0.954 

AGE > 73 Closed: ± 1.38 0.989 

Open: ± 1.24 0.988 
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Cronbach’s alpha “α” was developed in 1951 by Lee Cronbach to provide a measure of internal 

consistency of a test or scale (Cronbach, 1951). It is a measure of homogeneity and reliability 

and is expressed as a number between 0 and 1, with 1 indicating prefect reliability and 0 

indicating a test that is completely random. Reliability estimates show the amount of 

measurement error in a test. (Tavakol & Dennick, 2011). There is no universal minimally 

acceptable reliability value because it depends on the type of application (Bonett & Wright, 

2015). According to the literature, common practice is to consider alpha of 0.70 to be a 

sufficient measure of reliability or internal consistency (Taber, 2017). The findings from this 

study reveal α is very similar and above 0.95 for all age groups in closed and open conditions, 

showing high reliability for all conditions. This answers the third question that the test-retest 

reliability of this study is not affected by age. The measurement error of ±1.71 and ±1.60 for 

the closed and open conditions respectively, indicates high reliability. 

For the fourth question looking at reliability affected by hearing impairment severity, the data 

of individual ears of the participants were separated out in two groups: normal hearing, slight 

hearing loss and mild hearing loss in one group and moderate and severe hearing loss in another 

group. The outcome of this analysis can be seen in Table 5. 

Table 5. Reliability values between HI groups for the closed set and open set, quiet UCAMST-P conditions 

HI severity Response mode Average measurement error Cronbach's α 

Normal - 

Mild 

Closed: ± 1.55 0.952 

Open: ± 1.18 0.975 

Moderate - 

Severe 

Closed: ± 1.91 0.964 

Open: ± 2.17 0.943 

 

The findings from this study reveal α is very similar and above 0.94 for all age groups in closed 

and open conditions, showing high reliability for all conditions. This answers the question that 

the test-retest reliability of this study is not affected by severity of hearing impairment. 
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For the fifth and final question looking at reliability affected by the score on the Mini-ACE, 

the data of individual ears of the participants were separated out in two groups: all participants 

and only those who passed the Mini-ACE. The outcome of this analysis can be seen in Table 

6. 

Table 6. Reliability values between all participants and excluding those that did not pass the Mini-ACE for the closed set 
and open set, quiet UCAMST-P conditions  
Mini-ACE 
score 

Response mode Average measurement error Cronbach's α 

All Closed: ± 1.71 0.974 

Open: ± 1.60 0.975 

Excluding 

did not pass 

Closed: ± 1.45 0.985 

Open: ± 1.58 0.973 

 

 The findings from this study reveal α is very similar and above 0.934 for all age groups in 

closed and open conditions, showing high reliability for all conditions. This answers the first 

question that the test-retest reliability of this study is not affected by score of the Mini-ACE. 
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Summary 

This section provides a brief summary of the main results of this study: 

 

1) Comparisons between the UCAMST-P and meaningful CVC (revised AB) word 

recognition tests demonstrate a significant correlation between the estimated SRT of 

both the closed and open set quiet condition and the meaningful CVC (revised AB) 

word recognition test. Therefore, the null hypothesis can be rejected, which says there 

is no significant correlation between SRT from the UCAMST-P in quiet and the half-

peak level from the meaningful CVC (revised AB) word speech recognition test. 

2) Analysis of the UCAMST-P results in open and closed conditions show a significant 

difference between the mean SRTs. Therefore, the null hypothesis can be rejected 

which says there is not a significant difference between the UCAMST-P results in 

quiet for open and closed formats in terms of SRT. In terms of slope, the analysis 

reveals that we cannot conclude that a significant difference exists. 

3) Reliability analysis results have shown that the test-retest reliability of the UCAMST-

P in quiet is not affected by increased age, severity of hearing impairment or score on 

the Mini-ACE. 
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Chapter 4 - Discussion 

Introduction 

The aim of this current study was to compare the performance of the UCAMST-P in quiet 

conditions against meaningful CVC words (revised AB) word recognition test, another speech 

test routinely used in NZ audiology practice. This study also investigated the relationship 

between the SRT of the UCAMST-P and HPL of CVC words with PTA. Additionally, this 

study also looked at whether the test-retest reliability of the UCAMST-P in quiet was affected 

by increasing age, severity of hearing impairment, or score on the Mini-ACE. The results from 

the analyses discussed in Chapter 3 are explored further in the following sections, with respect 

to other relevant findings documented in literature. The limitations encountered in this study 

were also considered with recommendations for potential areas for future research. 

Correlation  

The first hypothesis this study investigated was looking at correlation between the SRT of the 

UCAMST-P in quiet for open and closed-set conditions and the half-peak level from the 

meaningful CVC (revised AB) word speech recognition test. Findings revealed there was a 

significant correlation between them for both the closed and open-set conditions. A scatter plot 

was done showing a clearly positive relationship between the SRTs of the UCAMST-P and 

HPL of the CVC (revised AB) word recognition test for both the quiet and closed conditions. 

This correlation reveals the potential use of the UCAMST-P in place of the CVC (revised AB) 

word recognition test in routine clinical assessments. Efficient use of clinical time is of the 

upmost importance in an audiology clinic, so the time is takes for speech tests is an important 

part to consider when implementing a new test in the audiological test battery. The average 

length of the recording of the Meaningful CVC (revised AB) words commonly used in NZ is 

approximately 50 seconds for one list. An audiologist typically uses three lists per ear for an 
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assessment, which is approximately 2 minutes and 30 seconds per ear, or 5 minutes for both 

ears. Considering the age of the client, they may they take longer to respond to a word due to 

auditory processing. In addition, they may have cognitive decline, requiring re-instruction 

during the test, increasing the time it takes to complete speech testing, which could be up to 8-

10 minutes. It was found in this study (with an average participant age of 69 ± 13 years), that 

the average time taken for a UCAMST-P test was 4 min 36 s (± 36 s; n=769 tests). The 

particular adaptive procedure used in the UCAMST (the Brand and Kollmeier A2 procedure; 

presents 30 pseudo-sentences to obtain both an estimate of SRT and slope. However, if only 

the SRT was of interest, their 20-trial A1 procedure could be used instead. As this procedure 

only requires 20 trials, test time would be reduced to just over 3 minutes (3 min 4 s) per ear. 

Given that two practice lists are typically presented first, this would result in a total test time 

of around 12 minutes. Again, this could take slightly longer for older clients requiring re-

instruction, but can be considerably shorter for younger alert clients – (Zokoll et al., 2013), 

reported approximately 2-4 minutes per list for their 20-sentence matrix tests. Looking at the 

time for both speech tests, the time it takes to administer the UCAMST-P would be within an 

acceptable length of time. Many audiology clinics still use a CD player with the CVC word 

lists, while more audiology clinics are using Aurical audiometers, which are a PC-controlled 

audiometer and the CVC word lists are available in electronic form. This allows the audiologist 

to administer the speech test faster, depending on the ability of the listener to respond and 

understand the task, and this same advantage applies to the UCAMST-P. 

An additional correlation analysis was done for the relationship between UCAMST-P SRT and 

PTA which separated the right ear data from the left ear. It was found that the correlation values 

for the right ear were higher than the correlation values for the left ear. One potential reason 

for the higher correlation values for the right ear compared to the left ear, could be something 

called right-ear advantage. Right-ear advantage is the phenomenon where listeners respond to 
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speech stimuli more correctly from the right ear than the left ear during dichotic listening to 

speech stimuli. It is thought that speech heard through the right ear reaches the left hemisphere 

of the brain (where language is thought to be processed) slightly earlier that the left-ear input. 

Literature suggests that the left hemisphere became the dominate hemisphere for speech 

recognition because it is the rapid changes in amplitude and frequency that carries most of the 

basic intelligibility information in the speech waveform (Jerger, 2017; Tanaka et al., 2021).  

Reliability 

This study also investigated the test-retest reliability of the UCAMST-P in quiet conditions and 

whether it was affected by increasing age, severity of hearing impairment, or score on the Mini-

ACE using Cronbach’s alpha as the measure of internal consistency. The findings from this 

study revealed that Cronbach’s alpha is very similar and above 0.95 for all age groups in closed 

and open conditions. Reliability is important because it allows clinicians to determine the 

degree of confidence that can be placed within testing scores. It is expected that normal hearing 

listeners to achieve nearly 100% maximum intelligibility score both the test and retest (Beattie 

& Raffin, 1985), so high reliability is expected for SRT in this study. Interestingly, our 

reliability analysis revealed that severity of hearing impairment did not have an effect on test-

retest reliability of the UCAMST-P in quiet in terms of SRT. A study done in 2015 on 40 

participants, with varying degrees of hearing impairment, were presented with monosyllabic 

words at varying intensity levels and found strong test-retest reliability and increased reliability 

with increased intensity levels (Grange, 2013). Another study investigated the test-retest 

reliability using monosyllabic words as a function of the number of test words. This study 

found that 25 or great words are recommended for reliable word recognition scores, compared 

to test of 10 words commonly used (Kim et al., 2015). Gelfand (1998) found that phoneme 

method of scoring, as is routinely performed with CVC (revised AB) word recognition tests, is 
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more useful than simple word scoring methods, as there are a larger number of items to be 

tested in a comparatively short period of time, leading to higher test-retest reliability (Gelfand, 

1998; Jenkins-Foreman, 2018). The three-word pseudo-sentences of the UCAMST-P in the 

present study (using the 30-trial A2 procedure), has approximately 90 scoreable items – the 

same number as three lists of phonemically-scored CVC words. 

Open vs Closed 

Results from this study revealed the high test-retest reliability of the open and closed-set 

conditions, and the reliability is comparable between the two formats. It has been found that, 

on average, the closed-set response format led to lower SRTs than the open-set format. 

Listeners performed better when the MST was provided with the visual matrix display of the 

test words in the closed-set format. The same effect was found with other MSTs including the 

Italian, Russian and Spanish MSTs. Providing the visual matrix display could lead to 

memorisation of the words in a basic MST, creating less confusion in subsequent open-set tests 

when matching the presented word to the possible words (Zokoll et al., 2015).  

As shown in Figure 5, the slope of the psychometric functions for the UCAMST-P in the open-

set format is shallower than the slope in the closed-set format. A steep slope of the 

psychometric functions are more sensitive and therefore tend to be more reliable. A steeper 

slope is desirable as it requires less trials to accurately predict the SRT (Theunissen et al., 

2009). It is advantageous in a clinical setting, to have a test of high sensitivity, due to the time 

constraints in hearing assessments, given the large amount of testing in the audiological test 

battery. It has been noted that highly sensitive measures of SRT are more accurate, but also, 

provide a more efficient method of estimating SRT, especially valuable since efficient use of 

clinical time is of the upmost importance in audiology (Ozimek et al., 2010). 
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Closed-set tests eliminate the role of the administrator scoring the test, which may reduce 

possible administrator error, with mishearing the response or miscalculation. The effect of a 

closed-set format on a listener’s performance varies across literature. The Polish MST did not 

find a difference in performance of listeners between the open-set or closed set testing formats 

(Ozimek et al., 2010), while other studies, such as for the Spanish MST found significant 

differences between the SRT for open and closed formats, with better performance in the 

closed-set format. This may have been due to a lack of training or performing better with a 

visual cue in the closed-set format (Hochmuth et al., 2012). 

Another advantage of a closed-set form MST is for audiologists who are hearing impaired, as 

the audiologist is not required to accurately hear the client’s response, thereby eliminating 

potential errors in test administration. The closed-set format would also be advantageous if the 

listener could not verbally respond. The CVC (revised AB) word recognition test is only 

available in an open-set format, so having a closed-set MST option gives more flexibility in 

the audiology assessment.   

As mentioned, there are a number of advantages to both the open and closed-set format for 

MSTs. Open-set format has been found to have slightly higher test-retest reliability and slightly 

lower measurement error in some cases, with the opposite in other cases, which makes them 

relatively equal in this sense. The slope in the open-set condition is steeper, which generally 

means higher sensitivity and accuracy, but are equally reliable. The closed-set condition could 

enable the clinician to complete other tasks during testing, such as other analysis or crossing-

checking, allowing more efficient use of clinical time, with the additional benefit of minimised 

administrator error. Due to these points, it is recommended to use the closed-set format when 

implementing in audiology practice. 
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3-word vs 5-word MST 

MSTs are typically done using 5-word sentences instead of the 3-word pseudo-sentences that 

are used in simplified tests, such as the UCAMST-P used in this study. Lengthy sentence test 

procedures can be too long and cognitively demanding for some elderly listeners, leading to 

lower reliability. This is why a simplified sentence test, like the UCAMST-P, is more suitable 

for older patients. A total of 64 participants were recruited for this study with varying degrees 

of hearing impairment, with the average age of the participants was 69.3 ± 12.8 years. Over 

75% of the participants in this study were over the age of 65, therefore, it was desirable to use 

a 3-word MST in this study for higher reliability. Although the response times were not 

analysed in this study, it is thought that the response times of listeners would be shorter for the 

3-word MST than the 5-word, as the cognitive demand on their working memory is less. 

Jenkins-Forman (2018) found the slopes of the intelligibility functions generated for the 

UCMAST (5-word) to be steeper than those generated for the UCAMST-P (3-word). As 

mentioned previously, speech intelligibility functions with steeper slopes are a more accurate 

and sensitive measure of SRT. Again, the use of more sensitive measures in the audiology 

clinic is desired due to the time available to complete all tests in the audiological test battery.  

Data from previous studies indicate that the 5-word version, the UCAMST, may be a better 

option, due to the higher sensitivity and reliability, and it is likely that this version should be 

used where possible. However, in cases where the client has a cognitive impairment, or those 

in the paediatric population, our results indicate that an audiologist could be confident that the 

use of UCAMST-P is justified. 
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Limitations 

As with many research studies, there were limitations in this study that may have influenced 

our findings. Therefore, interpretation of the findings in the present study should be made with 

these limitations in mind and future studies should have them in consideration. 

Data collection of the UCAMST-P as well as pure tone audiograms and CVC (revised AB) 

word recognition tests, were done in conjunction with another Master of Audiology student 

(Kerr, in progress). Measures were taken to limit the amount of variability between the tester’s 

administration of the testing, including practice of administering the test and outlining required 

steps of the data collection procedures. Even with taking precautions to avoid variability, there 

will always be inter-tester variability due to individual differences. One way to eliminate inter-

tester variability is to have one tester collecting all of the data. Disadvantages to this may be 

the possibility of administrator error or not being able to complete the data collection necessary 

in the amount of time available. Future studies could take this into consideration but would 

depend on resources available at the time. 

Another limitation of this study is participant confusion during the test. There was verbal 

instruction and re-instruction in between lists, but some participants were still unsure of the 

task, which may have influenced the findings. For example, when a participant was presented 

with a sentence that was below their hearing threshold, they did not always know to guess, in 

particular for the closed-set format. One way this could have been avoided is to hand them 

clear and concise written instructions. Future studies should take this into consideration when 

designing their study and planning their data collection procedures. 

There were 64 participants in this study with varying degrees of hearing impairment. Out of 

the 128 ears that were tested, there were 29 ears that were normal hearing/slight HI, 43 ears 
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had a mild HI, 53 ears had a moderate HI and only 3 ears had a severe HI. There was relatively 

uneven range of HI to analyse. Future studies could plan to have an even number of HI 

categories for better comparison, but this would depend on the participants available at the 

time. 

Future Research 

A number of avenues could be explored for future research with the New Zealand English 

MST. This study administered the UCAMST-P in the auditory-alone mode to eliminate the 

influence of visual speech cues on test performance. It would be useful in future research 

studies to examine the performance of elderly listeners with HI in the auditory-visual condition, 

which could provide useful diagnostic information and assist with communication strategies 

and counselling. A prospective study could look at the intensity level that gives, say, 30% 

intelligibility from the psychometric function in the auditory-alone condition, add in the visual 

stimulus and measure the performance improvement due to auditory-visual integration. This 

gives a direct comparison between auditory-alone and auditory-visual conditions which 

provides face validity. This is a target for rehabilitation since auditory-visual integration is a 

mechanism used by most people during communication (Tye-Murray et al., 2007). Another 

possible research study is to repeat this study using the 5-word UCAMST. However, it should 

be taken into consideration the effects of working memory with older adults due to the 

cognitive demand of a 5-word MST.  

Concluding Remarks 

Speech audiometry is an essential part of the audiological test battery and provides valuable 

information beyond what is found in a pure tone audiogram. There are many advantages to 

MSTs which make them valuable, not only clinically, but also in research due to the capacity 
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to compare between languages and the reliability and efficiency with which SRT can be 

obtained. The findings of this study provide evidence for potential use of the UCAMST-P to 

replace the meaningful CVC (revised AB) word recognition test in clinical practice. 
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Appendix A: Information Sheet 

Information Sheet 

 

Natalie Kerr and Cynthia McGill 
Master of Audiology students 
Te Kura Mahi ā-Hirikapo | School of Psychology, Speech and Hearing 
natalie.kerr@pg.canterbury.ac.nz; cynthia.mcgill@pg.canterbury.ac.nz 

 

 The purpose of this information sheet is to inform you about this project so you can decide 
whether you want to take part. 

 It is important that you understand this information. Take as much time as you need to decide. 
 Feel free to talk about your participation in this project with your family or health care 

providers. 

 

Assessment of the reliability of a simplified matrix sentence test in 
quiet and in noise. 

 
Our purpose 

 The aim of our project is to look at how reliable a new simplified matrix sentence test is in 
determining how well you understand speech both in quiet and in noise. 
 

What is involved? 

 If you choose to take part, we will ask you to take a traditional hearing test and a speech test, 
both in quiet and in noise. We will also test your cognition. Total time of testing is approximately 
120 minutes. Please see the next page for details of each test 

 This will be done at the University of Canterbury Speech and Hearing Clinic. 

 The hearing tests and hearing screenings are free, and you will receive a $20 voucher as an 
acknowledgement of your participation in this study. 

 

Who is eligible for the project? 

 People who:  
o Are 18 years of age or older 
o Are a native speaker of NZ English 
o Have normal hearing or a hearing impairment (in one or both ears)  
o Have no current middle ear pathology (i.e. ear infection) 
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What will I do if I take part? 

As mentioned above, there are three main parts to the testing session, and each part takes about 30 
mins. 

1. The hearing test  

 

 We will ask you some questions about your general health, your hearing and 
balance. 

 The answers to these questions help us to understand what difficulties you may 
be having. We want to know: 

o if you have any problems with your hearing, balance, or 
communication, 

o when these problems started. 

 

 We check the outside of your ears. Then we will use a bright light to look at 
the inside of your ears. This helps us to make sure your ears are healthy inside 
and out and clear of wax. 

 

 We will then measure how your ears react to sound and pressure changes. 

 This test tells us if your eardrum, ear bones, and muscles are moving as they 
should. 

 

 We will fit earphones on or in your ears. Then we will play some sounds at 
different listening levels. Some of the sounds will be quieter or louder than 
others. We will ask you to tell us when you can hear them by pressing a button.  

 We will also play you a series of words in quiet and you will be asked to repeat 
back the words that you hear. 

 Sometimes we play background noise at the same time and you may find it 
hard to tell whether there is a sound or not. This shows us how well you can 
hear in everyday situations. 

 

 We only carry out the tests that are needed to detect a hearing loss. We will 
inform you of the results, help you to understand your results and how to find 
out more information.  If you would like us to we can write a letter 
summarising the results if you would like to follow up with your GP or an 
audiologist.  If you choose to follow up with your GP, this will be at your own 
expense.  Should an unexpected hearing impairment be discovered, a full 
audiological assessment will be offered at the University of Canterbury 
Speech and Hearing Clinic.  

 Please feel free to ask us lots of questions and to bring someone with you for 
support. 
 

 

 

 

 



77   

2. The matrix sentence test 
 
In this part of the study you will hear short sentences being read in noise.  The sentences will 
have 3 words.  After each sentence has been read, you will be asked to repeat what you thought 
you heard. 
This will be repeated with short sentences also being read in quiet, and you repeating back what 
you thought you heard. 
 
This testing will be repeated but instead of you saying what you think you heard, you will use 
a touch screen to select the words you heard.  Please see below an example. 
 

 
 
 

3. The QuickSIN test  

For this part of the study, you will repeat back sentences that you hear in noise. The noise in the 
background will get louder and the sentences will become increasingly difficult to understand, 
which is normal. 

 

4. Cognition test 
 

To test your cognition, you will be asked to complete some simple tasks aimed at assessing your 
attention, memory, verbal fluency, and ability to draw simple objects. 

 

If your results on the cognition test are outside of what we would normally expect we will discuss 
these results with you and suggest that you follow this up with your GP if you have any concerns.  
We can provide you with your results and a summary letter so that you may discuss this further 
with your GP.  It must be noted that scores on this test is not diagnostic by itself, but must be 
interpreted with other clinical information from your GP or other medical specialists. 
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Data, Confidentiality, and Privacy 
 The results of the project will be published as Master theses which will be available via the UC 

library.  The results of the project may also be published as academic journal articles or 
conference/seminar presentations.  The data from this project may also be used in future studies, 
but in all instances your data will be strictly confidential.  Your name, or other identifying 
information will never be made public.  
 

 To ensure anonymity and confidentiality, your data will be stored in a secure room inside a locked 
cabinet. In the case of digital data, this will be password protected and stored on password-
protected devices. Any backups made will be stored on a secure UC server. Your data will be 
assigned an identification code so that the data can be de-identified. Participant data will only be 
accessible to members of the research team.  

 
 You may ask for your raw data to be returned to you or destroyed at any point. If you withdraw, 

we will remove information relating to you. However, once the analysis of raw data starts in 
September 2021, it will become increasingly difficult to remove the influence of your data on the 
results.  

 

 Any decision not to participate, or to withdraw from the research will not affect your relationship 
with the University, nor will it affect your access to services provided by the University. 
 

 

Ethics 
 This project has been reviewed and approved by the University of Canterbury Human Research 

Ethics Committee, and participants should address any complaints to The Chair, Human 
Research Ethics Committee, University of Canterbury, Private Bag 4800, Christchurch (human-
ethics@canterbury.ac.nz). 

 

Consent  

 If you agree to participate in the study, you are asked to complete the attached consent form 
and return it to Natalie Kerr (Master of Audiology Student) or Cynthia McGill (Master of 
Audiology Student) in person, by post, or by email. 

Email:  Natalie Kerr   natalie.kerr@pg.canterbury.ac.nz 

  Cynthia McGill  cynthia.mcgill@pg.canterbury.ac.nz 

 

Post:  School of Psychology, Speech and Hearing | Te Kura Mahi ā-Hirikapo 

College of Science, University of Canterbury 

Private Bag 4800, Christchurch 8140, Aotearoa New Zealand 

 

Right to withdraw 

Taking part is your choice, and you can withdraw at any stage without giving a reason. 
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Appendix B: Invitation to Participate 

Invitation 

 

Natalie Kerr and Cynthia McGill 
Master of Audiology students 
Te Kura Mahi ā-Hirikapo | School of Psychology, Speech and Hearing 
natalie.kerr@pg.canterbury.ac.nz; cynthia.mcgill@pg.canterbury.ac.nz 

 

Hi everyone,  

VOLUNTEERS NEEDED! 

 

We are Master of Audiology students conducting research to test the effect of working memory on a 
speech hearing test for New Zealanders. In order to do this study we need participants who either have 
normal hearing or have a hearing impairment. 

If you are: 

- 18 years of age or older 
- Are a native speaker of NZ English 
- Have normal hearing or a hearing impairment (in one or both ears)  
- Have no current middle ear pathology (i.e. ear infection) 

…then please get in touch with us! 

 

This study will take place at the University of Canterbury Speech and Hearing Clinic throughout 
2021.  

You would be needed for one 2 hour session, during this time you will: 

- receive free tests of hearing, cognition, and working memory 
- participate in our hearing test, which involves listening to speech in quiet and in noise 
- receive a $20 voucher as a token of our appreciation for taking part in the study 

 

For more information about this study please refer to the attached information in the 
sheet provided. If you would like to participate in this study, please feel free to contact us 
via email at natalie.kerr@pg.canterbury.ac.nz or 
cynthia.mcgill@pg.canterbury.ac.nz  

 

This project has been reviewed and approved by the University of Canterbury Human Ethics 
Committee. 
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Appendix C: Consent Form 

 

 
Assessment of the reliability of a simplified matrix sentence test in 

quiet and in noise 

 
CONSENT FORM FOR PARTICIPANTS 

 
□ I have been given a full explanation of this project and have had the opportunity to 

ask questions. 

□ I understand what is required of me if I agree to take part in the research. 

□ I understand that participation is voluntary, and I may withdraw at any time 
without penalty. Withdrawal of participation will also include the withdrawal 
of any information I have provided should this remain practically achievable. 

□ I understand that any information or opinions I provide will be kept confidential to 
the researcher and research team and that any published or reported results will not 
identify the participants in any form. I understand that a thesis is a public document 
and will be available through the UC Library. 

□ I agree that research data gathered in this study may be published and used in future 
studies. I provide consent for this publication and the re-use of the data with the 
understanding that my name or other identifying information will not be used.  

□ I understand that all data collected for the study will be kept in locked and secure 
facilities and/or in password protected electronic form and will be destroyed after 
five years.  

□ I understand the risks associated with taking part and how they will be managed. 

□ I understand that I can contact the researchers Natalie Kerr at 
natalie.kerr@pg.canterbury.ac.nz, Cynthia McGill at 
cynthia.mcgill@pg.canterbury.ac.nz or supervisor Professor Greg O’Beirne at +64 
3 369 43139 or gregory.obeirne@canterbury.ac.nz for further information. If I have 
any complaints, I can contact the Chair of the University of Canterbury Human 
Research Ethics Committee, Private Bag 4800, Christchurch (human-
ethics@canterbury.ac.nz) 

□ I would like a summary of the results of the project.  

□ By signing below, I agree to participate in this research project. 

 
Name:  Signed:  
 
Date:    

 
Email address (for report of findings, if applicable): _______________________________________ 
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Appendix D: Cognitive Screening Letter 

College of Science 

Cynthia McGill and Natalie Kerr 

Master of Audiology students 
School of Psychology, Speech and Hearing | Te Kura Mahi ā-Hirikapo 

Email: cynthia.mcgill@pg.canterbury.ac.nz / natalie.kerr@pg.canterbury.ac.nz   

Date: 

 

 

To:  

 

Re: Cognitive screening assessment as part of Audiology research project 

 

Thank you for participating in the Audiology research project entitled “Impact of Working 
Memory on Performance of Matrix Sentence Tests in Quiet and in Noise”. As part of this 
research, you completed an assessment called the Mini-Addenbrooke’s Cognitive 
Examination (Mini-ACE). This is a quick screening assessment of thinking and memory. A 
screening assessment is used to identify whether people might have a problem in a certain 
area. It does not determine whether a problem exists. 

 

Your score on the Mini-ACE was outside of what we would generally expect, and so we 
suggest that you follow up on this with your GP. We will give you your Mini-ACE results 
along with this letter, so that you may discuss this further with your GP. 

 

If you require further clarification, please do not hesitate to contact either of us. Thank you 
again for participating in our research.  

 

Regards, 

 

Cynthia McGill and Natalie Kerr 

Master of Audiology students 

School of Psychology, Speech and Hearing | Te Kura Mahi ā-Hirikapo 

University of Canterbury | Te Whare Wānanga o Waitaha 

 


