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Twi and developing and validating the Ghanaian Digit Triplet Test (GDTT) in both Asante-Twi

and Ghanaian English. The outcome of this research work not only addressed the need for hearing

screening materials but also contributed to advancing hearing screening tailored to the linguistic

needs of the adult population in Ghana. This study holds promise for promoting the early

identification of hearing loss and facilitating access to suitable interventions, ultimately improving

the hearing health and overall quality of life for individuals within the Ghanaian population. 







Sesi Collins Akotey Doctoral Thesis

vii

Pentecost, Nepean - Ottawa, for their unwavering love and unflinching encouragement, which

have been a source of motivation. Special mention of Dr. Mawuli Kofi Tay for his time and support

during my data analysis.

Lastly, I reserve a special place in my heart for my loving wife, Mawufemor, and our cherished

son, Woewoe. Your enduring support, encouragement and boundless love throughout my study

period have been the cornerstone of my resilience. I recognize the scarifies you have made for this

noble cause, and I deeply appreciate your commitment. Bless you all!!! 



Sesi Collins Akotey Doctoral Thesis

viii

Table of Contents

General Abstract............................................................................................................................. ii

Acknowledgement........................................................................................................................... vi

Table of Contents..........................................................................................................................viii

Table of Tables............................................................................................................................. xiii

Table of Figures............................................................................................................................. xv

CHAPTER 1.....................................................................................................................................1

Introduction..................................................................................................................................1
Global hearing health overview............................................................................................... 1
Hearing screening methodologies............................................................................................ 2
The Ghanaian situation.............................................................................................................7

Theoretical framework...............................................................................................................11

Developing linguistically adapted hearing screening material for the Ghanaian adult 
population...................................................................................................................................14

Objectives of the study...............................................................................................................16

General overview of the thesis...................................................................................................17

CHAPTER 2...................................................................................................................................27

Development of Audiology in Ghana: Past, Present, and Future................................................. 27

The Context................................................................................................................................29

Development of Audiology........................................................................................................29

Human Resource Development................................................................................................. 30

Access to Audiological Services................................................................................................33

Early Identification and Intervention......................................................................................... 34

Challenges..................................................................................................................................35

Prospects.................................................................................................................................... 35

Conclusion................................................................................................................................. 36

Acknowledgement..................................................................................................................... 36

Declaration of Interest................................................................................................................37

Reference................................................................................................................................... 38









Sesi Collins Akotey Doctoral Thesis

xii

APPENDIX XIV........................................................................................................................... 155

Approval from Korle Bu Teaching Hospital................................................................................155

APPENDIX XV............................................................................................................................ 156

Approval from Centre for Hearing and Speech Services............................................................ 156







Sesi Collins Akotey Doctoral Thesis

xv

Table of Figures

CHAPTER 1

Figure 1. Akan vowel chart............................................................................................................. 9

Figure 2: Examples of the interaction between components of the ICF and its link to a situation 

of an adult presenting a moderate sensorineural hearing loss..................................................... 14

CHAPTER 2

Figure 1: Distribution of audiology centers..................................................................................31

CHAPTER 3

Figure 1. Stages of the translation and cross-cultural adaptation of the RHHI-S into the Asante-

Twi language................................................................................................................................. 47

CHAPTER 4

Figure 1. Spectra of the 27 digits and speech noise (overlying) used in the GDTT......................65

Figure 2. Testing interface of the GDTT....................................................................................... 66

Figure 3. Psychometric functions for each list of the GDTT.........................................................72

CHAPTER 5

Figure 1:Testing interface of the GDTT........................................................................................86

Figure 2: Set-up for GDTT testing................................................................................................ 87

Figure 3: Relationship between GDTT diotic SRT and best ear PTA. (A). Diotic SRT, English 

and best ear PTA (0.5,1,2,4 kHz), (B) Diotic SRT, English and best ear PTA (0.5,1,2, kHz), (C) 

Diotic SRT, English and best ear PTA (1,2,4), (D) Diotic SRT, Asante-Twi and best ear PTA 

(0.5,1,2,4 kHz), (E) Diotic SRT, Asante-Twi and best ear PTA (0.5,1,2 kHz), (F) Diotic SRT, 

Asante-Twi and best ear PTA (1,2,4 kHz)................................................................................... 100

Figure 4: Relationship between GDTT antiphase SRT and best ear PTA. (A). Antiphase SRT, 

English and best ear PTA (0.5,1,2,4 kHz), (B) Antiphase SRT, English and best ear PTA (0.5,1,2,

















Sesi Collins Akotey Doctoral Thesis

7

ratio (SNR) procedure that could reduce the number of digit triplets to eight trials without

compromising sensitivity and specificity. Denys et al. (2019) investigated the effect of low-pass

filtered noise on test-retest reliability and whether the digit scoring procedure would increase

test-retest reliability compared with baseline DTT with broadband speech-shaped noise. They

concluded that using low-pass filtered noise did not improve SRT-PTA correlation or increase

reliability. De Sousa et al. (2021) investigated the predictors and normative ranges of both the

antiphase and diotic digit-in-noise test to determine whether a combination of these diotic tests

could more accurately categorize hearing. They concluded that the antiphase digit-in-noise test

was a superior screening tool compared to the diotic digit-in-noise test for detecting various types

of hearing loss (De Sousa et al., 2020). These studies highlight the ongoing advancements in

refining hearing screening methods, emphasizing the need for further research to optimize test

accuracy and reliability.

As the field of hearing assessments expands its test battery, screening for hearing loss and speech

recognition ability should not be limited to performance measurements alone. A comprehensive

hearing screening material should include the two stages of adult hearing screening as

recommended by the World Health Organization (2021b), specifically the identification of self-

perceived or self-reported signs of hearing loss in daily life using validated questionnaires (such

as the RHHI-S) and behavioural measures such as the use of a digit triplet test.

The Ghanaian situation

Ghana is a multilingual and multiethnic country with a diverse linguistic landscape. English serves

as the language for all official communication and education (Agbozo, 2015; Da-Costa et al., 2019)

and is spoken by over 96% of those aged six and above who attend school (Ghana Statistical

Service, 2021). However, English in Ghana has developed uniquely, blending local linguistic and
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access to hearing assessment facilities, quality intervention services, and social support can

significantly contribute to an individual's functional well-being, particularly in early hearing

identification, intervention, and communication programs. Considering these factors is essential

for tailoring the screening material to the Ghanaian context, where cultural beliefs, societal

attitudes, a limited number of personnel and facilities, and environmental challenges can influence

individuals' experiences with hearing difficulties. 

The ICF classification is a also valuable framework for developing assessment tools to measure

individual functioning. By conceptualizing the assessment process, the ICF assists in selecting the

aspects of functioning and disability to be evaluated, recognizing the close link between an

individual's functioning and underlying health condition (World Health Organization, 2001). This

approach ensures that audiological assessments, including hearing screening processes, begin with

an evaluation of some components within this framework: activity, participation, and environment.

The hearing assessment (screening) involves gathering information not only about the individual's

hearing function and structure but also about the impact of hearing difficulties on various aspects

of their life, such as psychosocial well-being, communication, daily activities, and education or

work. This approach enables an understanding of the challenges faced by individuals with hearing

difficulties, complementing behavioural measures like speech perception tests with relevant

contextual information. 

By utilizing the ICF framework, healthcare professionals and researchers can provide descriptions

of how hearing conditions impact various aspects of individuals' lives, including impairment,

activity limitations, participations, and the contextual influences of environmental factors.
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Figure 2: Examples of the interaction between components of the ICF and its link to a situation of
an adult presenting a moderate sensorineural hearing loss (Adapted from World Health
Organization, 2001).

Developing linguistically adapted hearing screening material for the Ghanaian adult

population

In the context of the Ghanaian hearing screening material, the ICF framework informs the selection

of screening tools and assessment measures that go beyond hearing loss alone. By incorporating

activity, and participation-based indicators into the screening, such as assessing speech perception

in real-world communication settings and identifying barriers to participation in social and work-

related activities due to hearing difficulties, the protocol can provide a more meaningful and

contextually relevant evaluation of individuals' hearing health. 
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In view of developing hearing screening material for the adult population of Ghana, this means

having access to linguistically adapted tools, as well as considering the access to hearing healthcare

services and the availability of intervention options. The screening material should account for

these factors to ensure that the screening is relevant and effective in the local context. 

The linguistic diversity in Ghana presents unique challenges and opportunities for developing

effective hearing screening tools. The screening material also must be linguistically inclusive

(Zokoll et al., 2013), as well as capable of assessing both the objective and subjective dimensions

of hearing difficulties. A language-based hearing screening material available in the most widely

spoken indigenous language, Asante-Twi, as well as in Ghanaian English, is essential. This dual

language approach should facilitate broad access to hearing screening services, accommodating

those who may be more comfortable with the indigenous language as well as those proficient in

English. 

This study addresses this need by proposing the development of the Ghanaian Digit Triplet Test

(GDTT) in both Asante-Twi and Ghanaian English and translating and cross-culturally adapting

the Revised Hearing Handicap Inventory Screening Tool (RHHI-S) into Asante-Twi for hearing

screening purposes. The GDTT will offer an automated and self-administered screening option

that can overcome the technical and logistical challenges associated with traditional pure-tone

audiometry. This test will allow individuals to assess their hearing abilities in a user-friendly

manner, without the need for specialized equipment or extensive training. 

In addition, the translation and cross-cultural adaptation of the RHHI-S into Asante-Twi will

provide a culturally relevant tool to subjectively assess perceived hearing difficulties. This tool

will enable hearing healthcare providers to better understand the impact of hearing difficulties on

the daily lives of Ghanaian adults, facilitating early identification and possibly appropriate
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intervention strategies. By addressing both objective and subjective measures of hearing, this dual

approach enhances the comprehensiveness of hearing screening in Ghana, ultimately contributing

to improving hearing health outcomes across the country. This position is further strengthened by

the ICF framework as it highlights that the same hearing assessment results (hearing thresholds)

can lead to different RHHI-S scores in different individuals. 

Objectives of the study

The general objective of the thesis was to develop hearing screening materials for the adult 

Ghanaian population. This was preceded by a literature review to understand the current state of 

hearing health in Ghana.

The first specific objective was to translate and adapt the Revise Hearing Handicap Inventory

Screening Tool (RHHI-S; Cassarly et al. 2020) into Asante-Twi by following the seven stages of

translation and cross-cultural adaptation from Hall et al. (2018). The translated and adapted

RHHI-S was evaluated on participants in Ghana.

The second objective was to develop the Ghanaian digit triplet test (GDTT) using digit tokens in

Asante-Twi and Ghanaian English. The digits were recorded with a native female speaker of

Asante-Twi and Ghanaian English. The digit triplets were optimized, the equivalency of the test

lists evaluated, and test norms established.

This project's third objective was to validate the GDTT and the screening material, which followed

a two-stage process. This process included multi-site testing, including Ghanaian adult participants

with varying levels of hearing sensitivity and functioning, using the GDTT, the adapted RHHI-S,

and pure tone audiometry.
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Figure 1: Distribution of audiology centers.

Currently, there are no doctoral programmes in audiology offered in Ghana. The Allied Health

Professions Council (AHPC) accredits audiology programmes, while the Speech Therapists and

Audiologist Association of Ghana (STAAG) serves as the professional body. The professional

journey involves passing an AHPC licensure exam.
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In terms of employment, around 20% of audiologists work in public hospitals, approximately, 40%

in private practice, 20% in universities, and the remaining 20% facing unemployment.

Table 1. Regional distribution of employed audiologists.

SN Regions Regional

population

Hearing Assessment

Facility

 Employed 

audiologists

Ratio

(Audiologist per

Population)Public Private

1 Greater Accra 5,446,237 5 8 21 1: 259,345

2 Ashanti 5,432,485 1 1 5 1: 1,086,497

3 Eastern 2,917,039 0 0 0 0: 2,917,039

4 Central 2,859,821 2 0 5 1: 571,964

5 Western 2,057,225 1 0 0 1: 2,057,225

6 Bono 1,208,965 0 0 0 0: 1,208,965

7 Volta 1,649,523 1 0 3 1: 549,841

8 Ahafo 564,536 0 0 0 0: 564,536

9 Western North 880,855 0 0 0 0: 880,855

10 Bono East 1,203,306 0 0 0 0: 1,203,306

11 Oti 747,227 0 0 0 0: 747,227

12 Upper East 1,301,221 0 0 0 0: 1,301,221

13 Upper West 904,695 0 0 0 0: 904,695

14 Northern 2,310,943 1 0 1 1: 2,310,943

15 North East 658,903 0 0 0 0: 658,903

16 Savannah 649,627 0 0 0 0: 649,627

Total (National) 30,792,608 11 9 35 1: 879,789

Source: Census data (GSS, 2021) and field data on employed audiologists, 2022.
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Introduction

Hearing is a critical sense and a key component of intrinsic human capacity. Any reduction in

hearing can lead to severe consequences on interpersonal communication, quality of life,

functional ability, economic independence, and general well-being [1,2]. Globally, 1.5 billion

people experience hearing loss, of which 430 million would require hearing care [2]. The economic

impact of unexamined hearing loss is approximately 950 billion international dollars annually [2].

Early identification via screening and appropriate management are vital in curbing the

consequences of hearing loss. Hearing screening for at-risk individuals thus facilitates early

identification, stimulates early management and intervention processes to reduce the impact of

unidentified and untreated hearing loss. Hearing screening for early identification is therefore

considered cost-effective [1], to mitigate the global burden of unexamined hearing loss. 

Meanwhile, in sub-Saharan Africa, access to hearing care services appears to be extremely poor

and inequitably distributed, compared to more affluent parts of the world [3]. Consequently,

hearing screening at regular intervals for age-appropriate populations remains suboptimal or

virtually unavailable in sub-Saharan Africa despite the proven benefits [4]. The prevalence of

hearing loss and the societal cost associated with unaddressed hearing loss in adults living in

sub-Saharan Africa, specifically in Ghana, highlights the need to develop effective hearing

healthcare services. 

Different hearing screening techniques have been proposed to improve hearing health care over

the last 50 years. For example, hearing screenings using smartphones promise to bring hearing

health care to underserved communities [5]. Self-reported measures of hearing difficulties or

hearing handicap have also been proven as a valuable instrument to screen for hearing loss [6].

Self-reported measures are relatively low-cost and time efficient in their administration.
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among the nine languages being sponsored by the government, meaning it is taught and learnt

in many Ghanaian schools [17,18]. Akan represent the largest ethnic group in Ghana [16,19].

For instance, 81.7% of the Central region populace, and 78.2% and 74.2% of the populace in

the Western and Ashanti regions respectively of Ghana are Akans [19].

The present study aimed to translate and adapt the RHHI-S into Asante-Twi. Since most of the

available self-report hearing questionnaires were developed using a well-established framework,

translation and cross-cultural adaptation of existing instruments have clear advantages over

creating new ones [20,21]. Hall et al. [20] have synthesized existing recommendations for cross-

cultural adaptation in promoting good practice in the Audiology community. Their guide- line and

recommendations were used for this study.

Materials and Methods

The 7-step translation process, as recommended by Hall et al. [20], was followed (Figure 1) for

the translation and adaptation of the original version of the RHHI-S into the Asante-Twi language.

It involved cultural and language considerations to maintain the concepts and meaning from the

original version while ensuring cultural equivalence and appropriateness. 

A total of 87 participants were recruited for the pre-testing and field evaluation of the adapted

instrument. In the pre-testing, 32 participants took part in the cognitive evaluation of the adapted

Asante-Twi version for its cultural equivalence and linguistic appropriateness. While 55

participants participated in the field testing to investigate the basic psychometric properties of the

instrument.

Thirty-two participants for the pre-testing were recruited via social media platforms (WhatsApp)

via invitation to participate in the study. Information about the study was shared on WhatsApp

group platforms for university students and clients of Center Hearing and Services, Winneba.
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Interested participants contacted the researcher privately through their social media contact and

were later sent the instrument. According to Hall et al. [20], a sample size of at least 20 participants

should be used for the pre-testing where there are regional variations and to ensure the original

instructions, items and scoring materials are clearly expressed. In the field testing, participants

who attended audio logical services at the Centre for Hearing and Speech Service (CHSS),

Winneba, Ghana were recruited after an explanation of the instrument has been presented to them

and they consented to participate. A sample size of 50 was recommended by Hall et al. [20], to

evaluate the internal consistency and test-retest reliability of the adapted Asante-Twi version of

the RHHI-S. Participants of the present study were aged between 18 and 73 years; were all living

in Ghana and able to read and speak English and Asante-Twi. The seven steps of the translation

and cultural adaptation of RHHI-S into Asante-Twi are described in the following paragraphs and

illustrated in figure 1.

Preparation: A search in the literature was conducted to ensure the Asante-Twi version of the

RHHI-S did not already exist. Findings confirmed that no versions of the RHHI-S existed in any

Ghanaian language, including Asante-Twi. Following this confirmation, written permission, and

a license to translate and adapt the instrument was granted by the copyright holders.

Forward Translation: Two bilingual language experts, whose moth- er tongue is Asante-Twi

and who are fluent in English, independently translated the instrument from its original version to

Assante-Twi. These language experts are professionals who hold at least of Bachelor of Arts

degree in Twi from the School of Languages, University of Education, Winneba, Ghana. The first

author briefed the language experts about the instrument and the translation process. These As-

ante-Twi versions of RHHI-S were code-named GSRM-T1 and GS- RM-T2.
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Merge Translation: Another independent and unbiased bilingual language expert, fluent in

Asante-Twi and English, merged the two forward translations (GSRM-T1 and GSRM T2) into a

single document. Differences between the two initial translations were discussed and resolved by

consensus among the three translators. The merged translation was called the GSRM-T12.

Back Translation: Two other independent language experts translated the merged translation

(GSRM-T12) into English. The back translation was to validate the accuracy of the translation

and ensure it reflected the item content as the source instrument. Without prior knowledge of the

source instrument, the language experts produced two separate English translations of the merged

translation, GS- RM-BT1 and GSRM-BT2.
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Introduction

Hearing loss, whether caused by aging, exposure to loud sounds, or injury, is associated with loss

of productivity (Huddle et al., 2017), emotional and social loneliness (Stam et al., 2016), and an

increased risk of dementia and cognitive decline (Gates et al., 1996; Lin et al., 2011; Livingston et

al., 2020; Sarant et al., 2020; Uhlmann et al., 1989). Globally, an estimated 83% of hearing loss

goes unaddressed; and the overall global economic cost of hearing loss in 2019 was over 981

billion American dollars (McDaid et al., 2021). In Ghana, hearing loss is a common health

condition among the adult population, and in many cases, it is not being addressed. This situation

is multifactorial.

Although the early identification of hearing loss is pivotal and a prerequisite for the

implementation of effective intervention programs, especially in developing countries with high

population density and few hearing care resources (Zhang et al., 2019), many barriers prevent the

general implementation of adult screening such as high cost of audiological equipment and trained

personnel (Zhang et al., 2019) and limited access to audiological services (Akotey et al., 2023;

Fagan & Jacobs, 2009; Mulwafu et al., 2017). However, recent technological advancements have

enabled the development of different hearing screening options that can be used in areas with

limited resources to widen access to hearing screening. The negative impact of unaddressed

hearing loss and the global burden of these consequences underscore the need to mobilize to

increase access to adult hearing screening, specifically for countries with limited resources. 

Adult hearing screening typically consists of various components that are designed to identify any

abnormalities or deficits in the auditory system or related health conditions that could impact

hearing functions and the ability to participate in daily life activities (ASHA, n.d.). According to

World Health Organization (2021), hearing screenings in adults should be conducted in two stages.
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Sixteen adults were recruited from the Ghanaian community in Ottawa (Canada) to participate in

Phase 1 of the study. Testing was conducted at the Hearing Research Laboratory at the University

of Ottawa (Ottawa, Canada).

Testing for Phase 2 was conducted in a double-walled audiometric booth at the Center for Hearing

and Speech Services (Winneba, Ghana). A total of 64 adults were recruited for Phase 2, comprising

16 native speakers of Asante-Twi, 16 non-native speakers of Asante-Twi (i.e., having learned

Asante-Twi after age 6), and 32 participants who were fluent in Ghanaian English (Table 1).

Testing in this phase included measures with an adaptive and a fixed level procedure.

Table 1. Participant characteristics.

Study Phases N

Gender
(male/female)

   Age (Years)

Mean (Min-Max)

Phase 1: Asante-Twi and Ghanaian English 16 11/5 34.9 27-50

Phase 2: Asante-Twi (Native speakers) 16 7/9 26.3 21-35

Phase 2: Asante-Twi (Non-native speakers) 16 5/11 25.0 21-31

Phase 2: Ghanaian English 32 13/19 25.1 20-32

Procedures and Results

The following paragraphs present the procedures involved in Phase 1, which aimed at digit

optimization, and Phase 2, which was conducted to establish equivalence between triplet lists and

normative statistical values. In each phase, participants were presented with a trial test with at least

10 triplets. The aim was to familiarize participants with the testing protocol and response procedure

for a smooth transition into the subsequent testing.
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same auditory difficulty level. Additional analyses explored the impact of list order (LO) on test

performance and whether learning or practice effects were linked to the presentation sequence. 

For the Ghanaian English version, the effect of the list number was not significant [F(2, 95) =

0.711, p = 0.49] with an average SRT of -11.4 dB (SD = 0.66 dB) across the three lists. However,

a statistically significant difference was observed for the list order [F(2, 95) = 4.22, p = 0.018]. A

Tukey HSD post-hoc test (Table 2) identified a significant difference between the mean SRTs of

the first and third list (LO1 vs. LO3), but no significant difference between the mean SRTs of the

first and second (LO1 vs. LO2) or second and third (LO2 vs. LO3) list presentation.   

Table 2. Multiple comparisons of adaptive data of GDTT English list order using the Tukey HSD
test.

(I)Type of 
List Order

(J)Type 
of List 
Order

Mean
Difference (I-J)

Std. 
Error

Sig. 95% Confidence
Interval

Lower 
Bound

Upper 
Bound

LO1 LO2 0.24063 0.15706 0.314 -0.1501 0.6313

LO3 0.45625* 0.15706 0.018 0.0655 0.8470

LO2 LO1 -0.24063 0.15706 0.314 -0.6313 0.1501

LO3 0.21562 0.15706 0.393 -0.1751 0.6063

LO3 LO1 -0.45625* 0.15706 0.018 -0.8470 -0.0655

LO2 -0.21562 0.15706 0.393 -0.6063 0.1751

*. The mean difference is significant at the 0.05 level.

For the Asante-Twi version, the ANOVA results indicated no significant difference in SRT for list

number for both native [F(2, 47) = 0.62, p = 0.54] and non-native [F(2, 47) = 0.06, p = 0.94] speaker

groups. List order also did not significantly impact results for either native speakers [F(2, 47) =
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0.43, p = 0.65] or non-native speakers [F(2, 47) = 1.15, p = 0.33]. Descriptive statistics revealed

that the native speaker group (n = 16) had a mean SRT of -11.34 dB (SD = 0.48 dB), while the

non-native group (n = 16) had a mean SRT of -11.33 dB (SD = 0.52 dB) over the 3 lists. An

independent sample t-test was conducted to compare the SRTs, averaged over the 3 lists, for both

native and non-native speakers. The results revealed there was no statistically significant

difference in the performance of the native and non-native speaker groups (t = 0.06, df = 30, p =

0.971, 2-tailed at 0.05 alpha level).

Measures at fixed SNRs were conducted in the second part of Phase 2 to estimate the slope of the

triplet psychometric functions utilizing the same participants of the first part of Phase 2. The

speech-shaped noise level was maintained at a constant 65 dBA, while the presentation level of

the digit triplets was adjusted to four predetermined SNRs (-14, -12, -10, and -8 dB). Half of the

participants were tested using an ascending sequence of SNRs (e.g., the first list presented at the

SNR of -14 dB, the second list at the SNR of -12 dB, the third list at the SNR of -10 dB, etc.), and

the other half were tested using a descending sequence of SNRs. The list order was

counterbalanced across the SNR sequences and participants. 

The triplet recognition score obtained at each SNR was used to plot the psychometric functions for

each list of the GDTT (see Figure 3). The average slopes obtained for each list for both test versions

are reported in Table 3. As can be observed, the functions exhibit a sharp steepness and overlap

across the three lists for each language version of the test. The average slope of the triplet

recognition function for Asante-Twi was 17.9%/dB and 19.4%/dB for the Ghanaian English

version. This was achieved by interpolating the SNR at which 50% correct recognition of the fixed

data (-11.4 dB for Asante-Twi, and -11.6 dB and -11.7 dB for Ghanaian English for trial less than

a list and greater than or equal to a list. respectively).
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The development of the GDTT marks an initial step in improving access to hearing screening in

resource-limited settings in Ghana. Its key advantage is that it an automated hearing screening

test, requiring neither trained personnel nor a specialized environment for administration. This

enables individuals to take the test independently with minimal support. 

The GDTT would facilitate early identification, and foster data on the prevalence of hearing loss

in Ghana from the local to district level, then to regional, and national-level statistics (Adadey et

al., 2017). Such data is essential for public health planning, enabling policymakers to allocate

resources efficiently, implement targeted interventions, and formulate comprehensive strategies

to address hearing health on a national scale. To facilitate this process, initiatives can focus on

integrating the GDTT into routine healthcare checks within the Ghanaian healthcare system. This

integrated approach would collectively enhance access to hearing healthcare, increase awareness,

and facilitate early identification. Those identified with signs of hearing loss through the GDTT

could be referred to trained personnel for further evaluation, thus ensuring targeted, efficient

resource allocation, and expanding access to hearing healthcare services. 

Conclusion

This paper outlines the development of the GDTT, a Ghanaian version of the digit triplet test, with

normative data for adults aged 18 and above. Available in both Asante-Twi and Ghanaian English,

with a single talker option (female) for both language versions, the test construction adheres to

international guidelines. Results revealed comparable performance patterns in SRT and slope

consistency across both language versions of GDTT. Notably, a list order effect was identified in

the Ghanaian English version, suggesting a potential need for pre-test training to ensure reliable

results. The statistical characteristics in each language version were comparable to findings from

digit triplet tests developed in other languages or dialects. The development of a population-
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Abstract

Background: Hearing loss is a significant global public health concern, affecting individuals of

all ages and backgrounds. In Ghana, like many other countries, hearing loss poses a considerable

burden on individuals, families, and the society. Early detection of hearing loss via hearing

screening is a key step to curbing the adverse effects of hearing loss, particularly in adults, and the

Digit triplet test is a promising hearing screening option. Objective: This study aimed to evaluate

the performance of the Asante-Twi and Ghanaian English versions of the Digit Triplet Test

(GDTT) for hearing screening among Ghanaians. Methods: Ninety participants underwent GDTT

testing, audiometric testing and completed the Asante-Twi adapted version of the Revised Hearing

Handicap Inventory Screening Tool (RHHI-S). Results: Overall, RHHI-S scores positively

correlated with hearing loss classification (pure tone average) and diotic speech recognition

threshold results for both language versions of the GDTT. For a hearing criterion of an average of

four frequencies from 0.5 to 4 kHz > 25-, 30-, 35-, and 40-dB HL, the area under the receiver

operating curve (AUC) for GDTT tests was 0.92, 0.97, 0.98, and 0.97, respectively. Conclusion:

Receiver operating characteristic analysis demonstrated the accuracy of the GDTT in

distinguishing between positive and negative hearing loss cases. Early identification of hearing

loss facilitated by the GDTT could lead to timely interventions and improve hearing health

outcomes for adults in Ghana, ultimately reducing the burden of hearing loss on individuals and

society.

Keywords: Digit triplet, Asante-Twi, Ghanaian English, Hearing screening.
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Introduction

Hearing loss is a major public health issue globally, affecting individuals of all ages and spanning

various socio-economic and cultural backgrounds. The impact of hearing loss can be profound,

affecting communication, social interaction, education, employment opportunities, and overall

quality of life. The challenges associated with hearing health in low-income countries are

exacerbated by the lack of sufficient access to hearing health facilities and a shortage of qualified

personnel (Akotey et al., 2023; Mulwafu et al., 2017), meaning that individuals may struggle to

reach essential services. Addressing the challenges posed by hearing loss requires a comprehensive

strategy that prioritizes early identification and access to appropriate interventions. Early detection

of hearing loss via hearing screening is an essential first step in curbing the adverse effects of

hearing loss, particularly in adults. Implementing hearing screening methods that require few

resources, such as the Digit Triplet Test, may help overcome the accessibility and resource-limited

challenges. 

In 2004, Smits and colleagues developed a test based on a recall of digit triplet in Dutch that people

could self-administer over the telephone (Smits et al., 2004). The Dutch test gained significant

public interest and participation after its implementation and became known as the Dutch National

Hearing Test (Van den Borre et al., 2021). The test determines speech reception threshold (SRT),

which is the signal-to-noise ratio (SNR) required for an individual to correctly identify 50% of

triplets (Smits et al., 2004; Van den Borre et al., 2021). The test is a robust speech-in-noise hearing

screening tool with a strong correlation with pure tone average (PTA) thresholds (Smits et al.,

2004; Van den Borre et al., 2021). The test can be delivered through the telephone, computer, and

smartphone or tablet (Folmer et al., 2017; Potgieter et al., 2016; Smits et al., 2004, 2006; Van den

Borre et al., 2021). These qualities make the test a valuable and easily accessible tool for hearing
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Figure 2: Set-up for GDTT testing.

An adaptive one-up, one-down method is used for SRT measures with the GDTT. This method

follows a 4-dB step size until the first incorrect response, or a reversal is observed, and a 2-dB step

size afterwards. The first-digit triplet is presented at 65 dBA (SNR = 0 dB), and the speech-shaped

noise is maintained at a constant level of 65 dBA during the testing process for each language

version. Scoring is achieved at the triplet level, requiring that all three digits in a triplet be

identified correctly and in their correct order. 

The GDTT was developed in the Hearing Research Laboratory at the University of Ottawa

(Canada), and part of its evaluation was conducted at the Centre for Hearing and Speech Services

in Winneba (Ghana). Details on the GDTT development and psychometric properties for a

normative population are found in Akotey et al. (n.d. submitted).
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Table 2: Descriptive statistics for Asante-Twi participants.

Variables
Classification

Asante-Twi
(n = 45)
N (%)

Right ear PTA Normal hearing 27 (60.0)
Mild hearing loss 5 (11.1)
Moderate hearing loss 5 (11.1)
Moderately severe hearing loss 5 (11.1)
Severe-to-profound hearing loss 3 (6.7)

Left ear PTA Normal hearing 28 (62.2)
Mild hearing loss 5 (11.1)
Moderate hearing loss 3 (6.7)
Moderately severe hearing loss 4 (8.9)
Severe-to-profound hearing loss 5 (11.1)

Hearing status Bilateral normal hearing 23 (51.1)
Bilateral symmetric SNHL 7 (15.6)
Unilateral SNHL 9 (20.0)
Asymmetric SNHL 6 (13.3)

RHHI-S No hearing handicap 29 (64.4)
50% probability of hearing impairment 11 (24.4)
84% probability of hearing impairment 5 (11.1)

Diotic SRT Pass 32 (71.1.)
Fail 13 (28.9)

Antiphase SRT Pass 23 (51.1)
Fail 22 (48.9)

Details reported in Table 3 reveal that 37.8% of the Ghanaian English speaker group had bilateral

normal hearing, while 26.7% had a bilateral symmetric sensorineural hearing loss (SNHL), 22.2%

a unilateral SNHL and 13.3% an asymmetric SNHL. Specific analyses of the results obtained in

the right ear reveal that 11.1% (5 participants) had a mild hearing loss, 13.3% (6 participants) a

moderate hearing loss, 13.3% (6 participants) a moderately severe hearing loss and 15.6% (7

participants) with severe-to-profound hearing loss. Analyses of the results obtained in the left ear

indicate that 11.1% (5 participants) had a mild hearing loss, 11.1% (5 participants) had a moderate,
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For the antiphase condition, the cut-off points were set at a threshold 6 dB better than the diotic

SRT, consistent with findings from previous studies (De Sousa et al., 2020). De Sousa et al.

observed that individuals with normal hearing benefit from improved speech target isolation in

the antiphase condition, resulting in an antiphase SRT approximately 6 to 8 dB lower than the

diotic SRT. Accordingly, the following cut-off points were established:

Ghanaian English group: Diotic SRT + 6 dB = -10.3 + 6 = -16.3 dB.

Asante-Twi group: Diotic SRT + 6 dB = -10.2 + 6 = -16.2 dB.

In the Asante-Twi speaker group, 55.6% of participants failed based on the diotic SRT results,

while 44.4% passed the test. For the antiphase condition, 51.1% passed, and 48.9% failed and

required further assessment. Similarly, in the Ghanaian English speaker group, 46.7% passed the

diotic SRT, while 53.3% failed. For the antiphase condition, 42.2% passed, and 57.8% failed for

further assessment. Overall, results from both speaker groups revealed that a substantial number

of participants reported some level of hearing handicap. Additionally, the diotic and antiphase

condition results highlighted the need for further assessment.

Correlation between the hearing measures

Correlation analyses were conducted with the best ear pure-tone average, namely 0.5, 1, 2, and 4

kHz, and the SRT measured with the GDTT, as well as with the results obtained at the RHHI-S

scores, using the Pearson coefficient. Results of all these correlation analyses are reported in Table

4 and explained in the following paragraphs.
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Pure tone hearing thresholds and RHHI-S scores

For the Asante-Twi speaker group, there was a strong correlation (0.710) between the best-ear

PTA and the score obtained at the RHHI-S, with a significance level of p <.001 (95% CI [0.527,

0.831]). For the Ghanaian English speaker group, the correlations between the best ear PTA and

the RHHI-S score were even stronger, with a coefficient correlation of 0.825 (p < .001, 95% CI

[0.701, 0.901]).

RHHI-S score and GDTT SRT

A strong correlation of 0.658 (p <.001, 95% CI [0.451, 0.797]) between the RHHI-S score and the

SRTs obtained in the diotic condition was observed with the Asante-Twi speaker group, as well as

between the RHHI-S score and the SRT measured in the antiphase condition, with correlation

coefficient of 0.694 (p <.001, 95% CI [0.503, 0.821]).

For the Ghanaian English group, there was also a strong and significant correlation between the

RHHI-S score and SRT measured in the diotic condition, with a coefficient correlation of 0.761 (p

<.001, 95% CI [0.602, 0.86]). The correlation between the RHHI-S score and the SRT measured

in the antiphase condition for the same speaker group was 0.820 (p <.001, 95% CI [0.693, 0.897]).
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Table 4: Relationship between hearing threshold (pure tone average) of the best ear (0.5, 1, 2, 4 
kHz), RHHI-S scores, diotic and antiphase SRTs.

Language
Type

Correlation Pearson
correlation
(r)

Significance
(2-tailed)

95% Confidence
Intervals (2-tailed)
Lower Upper

Asante-
Twi

Hearing thresholds vs
RHHI-S score

.710 <.001 .527 .831

Hearing threshold vs diotic
SRT

.784 <.001 .638 .876

RHHI-S score vs diotic SRT .658 <.001 .451 .797
Antiphase SRT vs diotic SRT .809 <.001 .675 .891
RHHI-S score vs Antiphase
SRT

.694
<.001

.503 .821

Ghanaian
English

Hearing threshold vs RHHI-
S score

.825 <.001 .701 .901

Hearing threshold vs diotic
SRT

.883 <.001 .796 .934

RHHI-S score vs diotic SRT .761 <.001 .602 .862
Antiphase SRT vs diotic SRT .941 <.001 .895 .968
RHHI-S score vs Antiphase .820 <.001 .693 .897

Pure tone hearing thresholds and GDTT SRT

The investigation of the correlations between pure tone hearing thresholds and SRTs obtained with

the GDTT in the diotic condition was conducted to validate the GDTT for hearing screening,

understand its comparative performance with standard audiometric tests, determine its clinical

utility, and identify hearing loss patterns. Strong correlations between these measures would

indicate that the GDTT can be effectively used for hearing screenings and contribute to improving

hearing healthcare in Ghana.

For the Asante-Twi speaking group, a significant and strong correlation of 0.784 was found

between the best ear PTA and the SRT measured in the diotic condition (p <.001, 95% CI [0.638,

0.876]). For the Ghanaian English group, the correlation between the best PTA and the SRT
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measured in the diotic condition was strong, with a correlation coefficient of 0.883 (p <.001, 95%

CI [0.796, 0.934]) (see Table 4 for details).

Similarly, Figure 3 shows the distribution of the results obtained on the GDTT with the diotic

condition and best-ear PTA. Figures 3A and D illustrated audiometric pure-tone averaged

thresholds for 0.5, 1, 2, and 4 kHz of the best ear plotted against SRT (presented in signal-to-noise

ratio (SNR) values) obtained in the diotic condition for the Asante-Twi and Ghanaian English

recordings, respectively. The trendline for these relationships showed an R2 of 0.61 and 0.78,

respectively.

On the other hand, Figures 3B and E illustrate the distribution of the audiometric PTA thresholds

for 0.5, 1, and 2 kHz of the best ear plotted against the SRT obtained in the diotic condition with

the Asante-Twi and Ghanaian English recordings, respectively. These relationships showed an R2

of 0.59 and 0.79, respectively.

Finally, the distribution of the PTA thresholds for 1, 2, and 4 kHz of the best ear plotted against

the SRT (presented in the diotic condition of the Asante-Twi and Ghanaian English recordings) is

presented in Figures 3C and F, respectively. These relationships showed an R2 of 0.63 and 0.75,

respectively. Overall, these results suggested that the omission or inclusion of 0.5 kHz in the

pure-tone average calculations does not significantly alter the relationship between PTA and

GDTT SRT. 
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Figure 3: Relationship between GDTT diotic SRT and best ear PTA. (A). Diotic SRT, English and best ear PTA (0.5,1,2,4 kHz), (B) 
Diotic SRT, English and best ear PTA (0.5,1,2, kHz), (C) Diotic SRT, English and best ear PTA (1,2,4), (D) Diotic SRT, Asante-Twi 
and best ear PTA (0.5,1,2,4 kHz), (E) Diotic SRT, Asante-Twi and best ear PTA (0.5,1,2 kHz), (F) Diotic SRT, Asante-Twi and best 
ear PTA (1,2,4 kHz).




















































































































