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ABSTRACT 

Tuberculosis is an infectious disease, one which is curable and preventable. Alongside HIV, TB ranks 

as a leading cause of death worldwide. Although TB monitoring using direct observation of therapy 

has seen remarkable success in specific contexts, it still has limitations related to improving adherence. 

The use of technology-driven supportive tools aimed at increasing ongoing adherence has the potential 

to improve medication adherence. However, evidence remains minimal. The main purpose of this 

study was to determine the influence of mobile health (mHealth), for example through wisepill 

technology feedback reminders, on newly diagnosed TB patients’ adherence to medication. The study 

intended to demonstrate medication adherence by using TB patients’ perceptions of self-efficacy and 

stigma to predict successful treatment outcomes, and to understand, through TB patient experiences, 

the barriers to adoption and sustainable use of mHealth technologies. A mixed-methods research 

design using purposive and convenience sampling was utilised to acquire understanding of the 

usability of an mHealth tool to support medication adherence schedules in tuberculosis patients. The 

sample comprised 90 patients with drug-susceptible tuberculosis. Quantitative results revealed that 

supportive feedback reminders from wisepill technology did not increase adherence over time. 

Adherence scores from wisepill differed significantly from patients’ subjective reports on adherence. 

Wisepill technology, stigma and self-efficacy predicted successful treatment outcomes, once 

reminders from wisepill technology were added. A sample of 10 participants were interviewed. 

Thematic analysis of the qualitative data established four themes, namely: 1) end-user experiences; 2) 

the influence of using the mHealth tool during TB treatment; 3) stigma and self-efficacy; and 4) 

sustainability of using the mHealth tool. Key lessons acquired from the qualitative findings highlighted 

that feedback reminders encouraged medication intake, it is valuable and provides companionship in 

supporting the participants’ treatment journey. The qualitative results enhanced the quantitative results 

and created a sense of convergence. The study generated evidence-based knowledge of mHealth use 

and adherence over time in a South African context. Usability of adherence technologies, coupled with 

improved adherence and treatment outcomes, can inform policymakers in defining the national 

standard for TB adherence to reduce transmission of the disease. In addition, this understanding is of 

key importance for developing intervention programmes to improve medication adherence among TB 

patients. 

Keywords: Medication adherence, mobile health (mHealth), self-efficacy, stigma, tuberculosis (TB), 

and wisepill technology 
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CHAPTER 1: INTRODUCTION 

This chapter provides an overview of the study, which includes the background, statement of the 

research problem, research question and hypotheses. The aim and objectives are also outlined, and 

followed by a section dedicated to the significance of the study. The theoretical framework used to 

guide the study, along with the methodology applied, is also briefly outlined. 

1.1 BACKGROUND, MOTIVATION AND RATIONALE OF THE STUDY 

Tuberculosis is an infectious disease caused by the bacillus mycobacterium tuberculosis, affecting the 

lungs (pulmonary TB) and other sites of the organs (extrapulmonary). Although the disease is curable 

and preventable, alongside the human immunodeficiency virus (HIV), TB ranks as a leading cause of 

death worldwide. Extant literature suggests that the high prevalence of TB continues to be a leading 

cause of death owing to insufficient treatment which is partly ascribable to non-adherence. Medication 

non-adherence is one of the most significant obstacles to TB control globally (Kvarnström et al., 2021). 

The key drivers of non-adherence include the biological (i.e. HIV co-infection, diabetes), economic 

(i.e. lack of money and transport), personal (i.e. fear of disclosure, misinformation about the disease’s 

transmission and stigma) and social factors (i.e., poverty, substance use, undernutrition and 

overcrowding) (Marahatta et al., 2020; Nezenega et al., 2020). In 2020, TB was responsible for 1.5 

million deaths worldwide (World Health Organization [WHO], 2021), with South Africa ranking 

among the countries with the highest TB burden. The country is plagued by poverty, extreme income 

inequality and high levels of unemployment – this further exacerbates the breeding ground for TB to 

flourish because it is prototypically understood as a disease of poverty (Nature Communications, 

2024). To combat TB and ensure effective treatment, the World Health Organization’s (WHO) End 

TB Strategy has employed direct observed therapy (DOT) as a standard for monitoring TB medication 

adherence. While DOT has seen remarkable success in specific contexts, it still has limitations relating 

to improving adherence (DiStefano & Schmidt, 2016). 

Lack of adherence to TB medication is an important driver for transmission, emergence of drug 

resistance, relapse, and death (Gashu et al., 2021; Gebreweld et al., 2018; Sahile et al., 2018). If TB is 

not managed, the following outcomes may be the result: 

• Increases in the number of people with TB who are not detected by health services will result 

in increases in the number of people with undiagnosed and untreated TB in the community. 

• Increases in transmission of TB infection will, in turn, with a time lag, have the result of 

increasing the number of people who go on to develop TB. 
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• Economic impact is predicted to worsen livelihoods resulting from lost income or 

unemployment – this could also increase the percentage of people with TB and their households 

facing catastrophic costs (WHO, 2020). 

• Increase in the global burden of TB disease. 

Currently, there is no “gold standard” to measure TB treatment adherence. Two different methods 

are recommended to measure TB treatment adherence: 1) objective methods (DOT and detection of 

drug and metabolites concentration in urine – which are usually more expensive and invasive, although 

they provide solid proof of the ingestion of medication); and 2) subjective measures (patient self-

reports, pill count, electronic monitoring and text messaging – which are easy to implement and 

inexpensive, but lack reliability and accuracy) (Anghel et al., 2019). Although adherence measured by 

subjective methods are considered unreliable (Thamineni et al., 2022), combining them results in 

effective interventions used to assess and improve medication adherence in TB patients (Pradipta et 

al., 2020). 

Implementing tools and strategies to improve adherence is crucial. A technology-driven, 

supportive tool is an option that can be used to increase adherence (Chun Yun Kang 2022; Kleinsinger, 

2018). However, promoting treatment adherence among TB patients remains underfunded (Frick & 

Lessem, 2018; Mussie, 2023). The support provided by mobile health (mHealth) technologies has the 

potential to improve medication adherence if deviations (when a patient skips taking medication) are 

detected (Aldeer et al., 2018; Arshed et al., 2023; Ngwatu et al., 2018). Mobile health technologies 

therefore have the potential to encourage patients to become active agents in managing their health 

and treatment. 

An example of a mobile health tool currently used with several disorders is the evriMED 

wisepill box – it is an automated electronic device that records and informs the healthcare provider of 

the regularity with which a medicine container is opened by the patient (assuming that in most cases 

when the device is opened medication is taken). Information from the device is used as proxy and sent 

to a remote web-based server. A reminder text message is sent both to the patient and to the research 

assistant(s) whenever the device has not been opened within the prescribed time window. A detailed 

infographic overview of the wisepill procedures is available in Appendix 1 (Karumbi & Garner, 2015). 

Technology-driven mobile health interventions are flexible, cost-effective, and have the 

capacity to reach across geographic locations, including resource-limited settings (Hasker et al., 2010). 

Current evidence proposes that the focus is on understanding the connection between patient 

experience, adherence, and health outcomes (Hamine et al., 2015), as these technologies have not yet 

been fully explored and there are variations in assessing their quality (Agarwal et al., 2021; Muessig 
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et al., 2017). Furthermore, there is limited data on the correlation of mHealth features and statistically 

significant outcomes (Donevant et al., 2018) The impact of applied mHealth and the perceived quality 

of care delivery has not been explored in depth (Kutney-Lee et al., 2019; O’Connor et al., 2020). 

In this study, data collected on the usability of an mHealth tool (the wisepill box device) to 

support medication adherence schedules in newly diagnosed tuberculosis patients was explored. The 

patients were receiving TB treatment at five of the six clinic facilities in Ekurhuleni, South Africa. 

This study is one of many pilot projects currently being conducted in various countries to understand 

how technology-driven mHealth can contribute to the alleviation of TB by encouraging medication 

adherence. This initiative is in line with the WHO’s strategy plan to end the global TB epidemic. 

1.2 RESEARCH PROBLEM AND QUESTION 

Potential barriers to appropriate medication adherence include self-efficacy and experiencing stigma 

(Adefolalu et al., 2014; Huang et al., 2013; Náfrádi et al., 2017). Patients’ illness perceptions and 

health beliefs may also reduce their motivation to adhere to treatment (Easthall & Barnett, 2017). 

Tuberculosis treatment and management is based on patients’ ability to take their medication as 

prescribed by the healthcare provider. This requires patients to believe in their ability to follow 

instructions and to implement behavioural changes in accordance with medical advice (Nwagu et al., 

2020). Patients’ personal theories of how they think others perceive the TB disease and treatment may 

derive from the stigma associated with the disease, which may also compromise their adherence 

behaviour. Improving adherence requires an active process of behavioural change, education, 

motivation, tools, support, monitoring and evaluation (Kini & Ho, 2018; Kleinsinger, 2018; Nieuwlaat 

et al., 2014: Read et al., 2020). A valuable tool that can be used to improve adherence is mHealth (Ni 

et al., 2018; Park et al., 2020). 

Self-efficacy refers to the individual’s personal beliefs regarding their capabilities to carry out 

a specific task to achieve a desired outcome (Bandura, 1989). It is one of the cognitive variables that 

has an influence on people’s behaviour and is a determining factor in health behaviour change and 

maintenance (Martos-Méndez, 2015). Self-efficacy is related to adherence. For example, when a 

patient perceives themself as being able to take the medication as prescribed, it is an encouragement 

to adhere to treatment. Self-efficacy is a key driver of a positive attitude to treatment compliance 

(Okuboyejo et al., 2018). Understanding the role of self-efficacy is critical to ascertain patients’ 

confidence in their medication adherence (Rosli et al., 2022). It is therefore important to explore self-

efficacy in the context of TB, especially given the South African context and issues relating to limited 

education. Another highlighted major obstacle in treatment adherence is stigma, which is, in part, 

attributed to patients’ illness cognitions (personal theories that may be inaccurate, or based on cultural 

https://www.sciencedirect.com/topics/social-sciences/influencer
https://www.sciencedirect.com/science/article/pii/S2007078017300020#bib0100
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factors, education, and other social factors). Stigma is frequently described as a process of devaluation, 

whereby stigmatised people are discredited, seen as a disgrace, perceived to have less value or worth, 

or even seen as a danger. Therefore, TB stigma has been attributed to policies that designate TB 

patients as a public health threat (Daftary, 2018), the rise in drug-resistant TB strains, TB linked to low 

socioeconomic position (Agodi, 2015), knowledge of TB/HIV duality (DeSanto et al., 2023), and 

cultural myths (i.e., curses or associations with supernatural forces like witchcraft) (Matakanye et al., 

2021). Stigma influences treatment. Tuberculosis-related stigma is a persisting issue because people 

exaggerate the contagiousness and fear of infection (Duko et al., 2019). In addition, lack of 

understanding contributes to people’s false perceptions that TB is incurable and is highly contagious 

throughout treatment (Chang & Cataldo, 2014). For example, patients who feel stigmatised by their 

suffering from the TB illness avoid taking medication and this can hinder adherence (DiStefano & 

Schmidt, 2016; Kvarnström et al., 2021). Furthermore, these individuals may less frequently use health 

services and may conceal their illness because of low self-esteem and social isolation (Chen et al., 

2021). Thus, both self-efficacy and stigma are important main variables of the study and have an 

impact on medication adherence in general and, more specifically, in the context of TB. The choice to 

investigate stigma and self-efficacy in particular is due to their translational link to behaviour and 

subsequent health outcomes. For example, experiencing high stigma has been negatively associated 

with self-efficacy (Luthuli & John-Langba, 2024). This can affect the patients’ confidence to adhere 

to treatment and lead to further unfavourable treatment outcomes. 

There is a need to investigate the behavioural change component emanating from mHealth use 

(Petit & Cambon, 2016) by measuring the influence of mHealth use on patients’ motivation to 

complete treatment, given their perception of stigma and self-efficacy. Perceptions of a chronic illness 

are important because they reflect the patients’ role in exercising personal agency to improve their 

health outcome (Adams, 2010; Hibbard & Greene, 2013). In addition, research needs to investigate 

end-user experiences to understand barriers to adoption and the sustainability of mHealth technologies 

(integration of technology with everyday life in the context of already established disease self-

management routines). 

The researcher formulated the following research questions: 

Primary research question: To what extent did mHealth feedback reminders influence TB 

patients’ medication adherence behaviour (given their perceptions of stigma and self-efficacy)? 

Secondary research question: How did TB patients experience the use of mHealth feedback 

reminders and what barriers did they experience in using the mHealth technology? 
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1.3 AIMS AND OBJECTIVES OF THE STUDY 

The main aim of this study was to determine the influence of mHealth feedback reminders on TB 

patients’ medication adherence. The TB patients’ perceptions of self-efficacy and stigma were 

measured to predict successful treatment outcomes to signify medication adherence. In addition, a 

secondary aim intended to understand, through TB patient experiences, the barriers to adoption and 

sustainable use of mHealth technologies – this is the focus of the study’s qualitative component. To 

achieve the above-mentioned aims, the following objectives guided this study: 

• To measure medication adherence and feedback reminders using wisepill technology. 

• To measure medication adherence from patient self-reports and a three-item adherence scale. 

• To compare scores from wisepill technology with other subjective scores (completed 

medication in each month, missed doses in each month and a three-item adherence scale). 

• To measure the predictive ability of adherence scores from wisepill technology on TB 

treatment outcomes. 

• To measure the predictive ability of stigma and self-efficacy on TB treatment outcomes even 

when reminders from wisepill technology are added. 

• To explore the TB patients’ experiences with mHealth technology. 

• Psychological issues relating to medication adherence and feedback reminders from the 

mHealth technology were measured quantitatively, while the TB patients’ experiences of the 

mHealth technology was explored qualitatively. 

1.4 RESEARCH HYPOTHESES 

The researcher tested the following research hypotheses and dealt with a qualitative research question 

to determine the usability of an mHealth tool supporting medication adherence schedules in newly 

diagnosed tuberculosis patients: 

• Quantitative hypotheses:- 

Hypothesis 1: On supportive feedback (reminders) from wisepill technology and adherence 

over time. 

H1: Supportive feedback (reminders) from a wisepill technology will increase adherence over 

time. 

H0: Supportive feedback (reminders) from a wisepill technology will not increase adherence 

over time. 
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Hypothesis 2: Wisepill technology scores versus subjective scores 

H1: Wisepill technology scores and other subjective scores (completed medication in each 

month, missed doses in each month and a three-item adherence scale) will differ. 

H0: Wisepill technology scores and other subjective scores (completed medication in each 

month, missed doses in each month and a three-item adherence scale) will not differ. 

Hypothesis 3: Adherence scores from wisepill technology is a predictor for TB treatment 

outcomes. 

H1: Adherence scores from wisepill technology will predict TB treatment outcomes. 

H0: Adherence scores from wisepill technology will not predict TB treatment outcomes. 

Hypothesis 4: Stigma and self-efficacy as predictors of adherent behaviour 

H1: Stigma and self-efficacy will predict adherence behaviour (TB medication adherence) even 

if reminders from wisepill technology are added. 

H0: Stigma and self-efficacy will not predict adherence behaviour (TB medication adherence) 

even if reminders from wisepill technology are added. 

1.5 SIGNIFICANCE OF THE STUDY 

Declining trends in quality healthcare have caused the public to lose trust in the healthcare system in 

South Africa (Maphumulo & Bhengu, 2019). South Africa is characterised by social inequality, 

poverty, unemployment, low education levels, high burden of diseases and the inequitable quality of 

healthcare service provision (de Villiers, 2021). Although the country’s health system is presently 

engaged in a process of establishing universal health coverage that will enable the system’s ability to 

deliver comprehensive care that is accessible, affordable, and acceptable to patients and families (de 

Villiers, 2021), further improvements are nevertheless required. This year in May, President Cyril 

Ramaphosa signed the National Health Insurance (NHI) Bill into law. This is a crucial step to highlight 

the government’s commitment to a healthcare system that serves all South Africans. Therefore, the 

value of this research is to demonstrate how mHealth technology can help to alleviate some of these 

issues and ultimately the burden on the healthcare system in terms of cost. Digital technologies 

demonstrate the capacity for innovation required in health and could resolve some issues of health 

equity such as acceptability and sustainability (Stoumpos et al., 2023). 

The results generated from this study may contribute to more evidence-based knowledge of 

mHealth use and medication adherence over time. Research results furthermore envisage contributing 

to the improvement of medication adherence and overall TB treatment outcomes, specifically in the 

South African context. Patients using mobile technology to understand medication adherence in a 
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chronic disease (TB) makes an important contribution to science, because it reflects their role in 

exercising personal agency to improve their health outcomes. It is evident from the literature 

(Adefolalu et al., 2014; Burtscher et al., 2016; Craig et al., 2017; de Almeida Crispim et al., 2017; 

DiStefano & Schmidt, 2016; Huang et al., 2013; Kamaradova et al., 2016; Kvarnström et al., 2021; 

Marahatta et al., 2020; Mhode & Nyamhanga, 2016; Náfrádi et al., 2017; Nezenega et al., 2020) that 

psychological issues such as lack of self-efficacy and stigma represent barriers to TB adherence. 

However, the need exists to apply context-specific self-efficacy measures for predicting medication 

adherence and increasing the use of validated instruments to quantify the impact of stigma on treatment 

compliance. This study therefore focused on the patient’s perception of the illness (self-efficacy and 

stigma) considering understanding the barriers to adoption and sustainability of using the mHealth 

technology from the TB patient’s perspective. 

The novelty of the study is using alternative and innovative approaches to improve adherence to 

TB therapy because it is critical for the success of TB treatment. The long duration of anti-TB treatment 

poses significant challenges to TB patients, especially non-adherence to medication. Therefore, 

evidence generated on the application of a patient-centred approach to improve adherence and 

treatment outcomes can be used by policymakers in defining the national standard for TB adherence. 

This will have a strong public health impact in reducing transmission of the disease, informing the 

development of the treatment cascade from testing to treatment completion and cure. 

1.6 CONCEPTUAL FRAMEWORK: SOCIAL COGNITIVE THEORY 

The guiding conceptual framework followed in this study was the social cognitive theory. This theory 

is based on assumptions that expectations, thoughts, and beliefs influence an individual’s behaviour 

and that they are shaped by the individual’s social environment (Bandura, 1986). According to Islam 

et al. (2023), Bandura’s SCT is useful for studies focused on behaviour change in health promotion 

research. Furthermore, SCT-based interventions positively impact health outcomes and intervention 

effectiveness (Islam et al., 2023). From the perspective of SCT, the researcher focused on the health 

belief model (HBM) to understand the phenomenon of adherence. The model explains change in and 

maintenance of health-related behaviours with the use of supportive interventions designed to change 

health behaviour (Champion et al., 2019). In the context of this study, the wisepill device is an 

adherence measurement tool used to explain TB patients’ medication use. The wisepill device 

indirectly reflects TB patients’ medication adherence behaviour and their motivation to complete 

treatment. By virtue of monitoring, patients are influenced by the device to adhere to timely medication 

use, and their motivation to adhere may translate into behavioural change (medication adherence). 
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1.7 METHODOLOGY 

A “mixed methods research approach combining qualitative and quantitative methods throughout the 

research process” was used in this study (Creswell, 2015, p. 18; Creswell & Creswell, 2017). A 

sequential explanatory design was employed that prioritises both methods equally. In such a design, 

collection and analysis of two independent strands of quantitative and qualitative data take place 

sequentially, at different points in time – a quantitative phase followed by a qualitative phase. The 

results were then collated. Quantitative data collected comprised adherence information obtained using 

the following instruments: 

• Wisepill technology; 

• Patient self-reporting; 

• Pill counts; 

• Three-item adherence scale (Fowler et al., 2016; Gaito, 1980; Townsend et al., 1984; Wilson et 

al., 2014; Wilson et al., 2016); 

• Self-efficacy was measured using the medication adherence self-efficacy scale revised (MASES-

R) (Fernandez et al., 2008); 

• Stigma was assessed using the stigma scale for chronic illnesses 8-item version (SSCI-8) (Molina 

et al., 2013). 

A sociodemographic questionnaire was also administered to obtain descriptive information 

(household characteristics, education level and employment status). Details about the diagnosis date, 

treatment start date and overall TB outcomes were obtained from the patient files – access was 

provided by the facility-registered nurse who also assisted with the recruitment of participants. 

Qualitative data were collected through semi-structured interviews with a small sample of 10 

study participants who used the evriMED wisepill box to support their medication adherence. 

Convenience sampling was employed. The study integrated quantitative and qualitative data through 

joint displays – which provided a structure for the results (Guetterman et al., 2015). Comparisons were 

made between experiences of patients with high and low adherence to understand how the reminders 

may have or may not have affected their behaviour. The analysis highlighted convergence and 

divergence from this combination as quantitative and qualitative results have equal weight. 

1.8 DIVISION OF CHAPTERS AND LAYOUT OF THE THESIS 

• Chapter 1: Introduction 

The introduction comprises the background of the study, statement of the research problem, purpose 

and significance of the study, research hypotheses and questions, and overview of the research design. 



Tebogo Brenda Sole-Moloto   PhD (Psychology) 

 9 

• Chapter 2: Literature Review 

In this chapter, the literature is reviewed on the TB context, medication adherence, methods used to 

measure TB treatment adherence, digital adherence technologies (DAT), including mHealth tools and 

ethical issues posed by DATs. Literature illustrates that more evidence-based knowledge of mHealth 

use and adherence over time (specifically in the South African context) could prevent new infections 

of mycobacterium tuberculosis (MTB), progression to tuberculosis (TB) disease and eventually 

achieve the End TB Strategy targets set for 2030 and 2035. 

• Chapter 3: Theoretical Framework and Paradigmatic Point of Departure 

The researcher describes the theoretical approach and the paradigmatic point of departure for the study 

in this chapter. The health belief model was used to understand the phenomenon of adherence. This 

concept derives from the social cognitive theory, which emphasises how behavioural, personal and 

environment factors play a role in human behaviour. 

• Chapter 4: Research Methodology 

In this chapter, the researcher discusses the methodology that was employed and the procedures that 

were followed to answer the research questions and to ensure that the study was conducted in an ethical 

manner. The focus was on maintaining the validity, trustworthiness, and quality of the research. 

• Chapter 5: Findings 

The results of the quantitative and qualitative data analyses are presented in this chapter. 

• Chapter 6: Discussion 

In this chapter, the findings are integrated and discussed using joint displays. The researcher outlined 

the implications of the study findings for theory and practice and made recommendations for future 

research. The recommendations relate to the usability and sustainability of using mHealth tools to 

support medication adherence. The conclusions of this study are grounded in relevant literature and 

acknowledge the shortcomings and other limitations of the study. 

1.9 CONCLUSION 

The primary aim of this study was to determine the influence of mHealth feedback reminders on TB 

patients’ medication adherence and to understand, through TB patients’ experiences, the barriers to 

adoption and sustainability of mHealth technologies. The problem statement was detailed, along with 

the research questions, aims and objectives. This chapter also briefly presented a sequential overview 

of the dissertation chapters to follow. Extant literature related to the subject matter is highlighted in 

the next chapter.  
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CHAPTER 2: LITERATURE REVIEW 

The focus of the literature review is on the landscape of digital adherence technology to support the 

healthcare system and medication adherence in tuberculosis patients. A Venn diagram (Figure 2.1) 

illustrates the organisation of the literature review. In this literature review, TB is defined in the context 

of burden of disease, while the global and local status of the epidemic is highlighted, the progress 

towards the End TB Strategy is reported, and the impact of the Covid-19 pandemic on TB treatment 

goals are discussed. Medication adherence, the issue of non-adherence, and factors or barriers 

associated with medication adherence is also outlined. A section dedicated to the classification of 

methods used to measure TB adherence, the value of mHealth adherence technologies and current 

research gaps are included. 

2.1 DIAGRAMMATIC ILLUSTRATION OF THE LITERATURE REVIEW 

A Venn diagram was used to represent a visual image that demonstrated existing research on TB and 

the treatment adherence referred to in this chapter. Figure 1 is a visual presentation of how this chapter 

is structured. 

Figure 1: 

Description of Relevant Literature Topics for this Study 
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2.2 CONTEXT OF TUBERCULOSIS 

Tuberculosis is an infectious disease that is curable and preventable. Tuberculosis ranks as a leading 

cause of death worldwide. In 2020 TB was responsible for 1.5 million deaths worldwide (WHO, 2021). 

Tuberculosis is manageable and curable if people take their medication as prescribed. Medication 

adherence continues to be an important challenge in healthcare, with a shortage of effective 

interventions to address this matter. Although DOT as a standard for monitoring TB medication has 

seen remarkable success in specific contexts, it has shown limitations in respect of improving 

adherence. Therefore, the need to develop technology-driven supportive tools aimed at increasing 

ongoing adherence is critical. Mobile health technologies have the potential to improve medication 

adherence, although evidence remains minimal (Kleinsinger, 2018). 

The treatment success rate of 80% to 90% defined in the study is guided by the WHO’s 

expected TSR of 90% for all countries (Stop TB Partnership, 2017), the TB data, impact assessment 

and communications hub (TB DIAH) project (the website features a data hub, guidance, and tools to 

support the work of the global TB community). TB DIAH enables optimal analysis and use of TB data 

to inform national TB programmes, policies, and USAID-supported interventions. The latest figure 

shown on the USAID dashboard for 2020 reported 78.97% of the TB treatment success rate in South 

Africa (TB DIAH, 2024). In addition, a study conducted by Berry et al. (2019) on TB treatment 

outcomes across ages children to older adults) in the metropolitan municipalities of Ekurhuleni 

Metropolitan Municipality and the City of Johannesburg found that successful treatment exceeded 

80% (i.e. 83.48%) in all age groups (Berry et al., 2019). Although the treatment success is high, the 

country still falls short of the standard set by WHO. 

In addition to the background of the study, the definition of TB as well as the global and local 

epidemic status of TB is discussed below. 

2.2.1 Definition of Tuberculosis 

Tuberculosis is an infectious disease that is caused by a type of bacteria known as mycobacterium 

tuberculosis. The disease most often affects the lungs (pulmonary TB) and other sites of the organs 

(extrapulmonary). It spreads through the air when infected individuals cough, sneeze or spit. 

Tuberculosis is curable and preventable, although it persists in being the leading cause of death 

alongside HIV (WHO, 2020). It is estimated that a quarter of the world’s population is infected with 

TB. However, most of these people have latent TB (the TB bacteria lives in the body without causing 

illness). TB can affect anyone, anywhere, but most people who develop the disease are adults, with 

more cases among men (aged ≥15 years), who accounted for 57% of all TB cases in 2018, compared 
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to women, who accounted for 32% (WHO, 2020). There are 30 high-TB burden countries in the world, 

which account for almost 90% of people who fall ill with TB each year. South Africa ranks among the 

countries with the highest TB burden. In 2019, about 360,000 South African people fell ill with TB 

and 58,000 died from the disease (WHO, 2020). People affected with TB are often faced with poverty, 

economic distress, vulnerability, marginalisation, stigma, and discrimination, which are risk factors 

for TB (WHO, 2020). In essence, if an individual has TB, they are very likely to be experiencing some 

of these challenges.  

Although TB services are free in South Africa, issues of income loss and costs incurred by patients 

on food, nutrition and travel persists. Therefore, the WHO has supported a multisectoral accountability 

framework for TB developed by the Department of Health in 2022. This framework entails bringing 

together different actors from government departments, civil society and the private sector under the 

coordination of the South African National AIDS Council (SANAC). The aim is to address the social 

determinants of TB and contribute to the TB response (WHO South Africa, 2024). 

Preventive treatment is available for people with TB infection. About 85% of people who develop 

TB disease can be treated successfully with a 6-month treatment plan, which has the additional benefit 

of decreasing transmission of infection. Since 2000, it is estimated that TB treatment has prevented 

more than 60 million deaths, although access to universal health coverage (UHC) still falls short. 

Furthermore, many millions also lacked diagnosis and care (WHO, 2020). 

2.2.2 Global Tuberculosis Epidemic Status 

Globally, an estimated 10.6 million ranging from 9.9 to 11.1 million, new TB cases were identified in 

2021 compared to 10.2 million, ranging from 9.5 to 10.7, in 2020. This means there is a reversal of 

progress compared to years of slow decline trends (see Figure 2). Similarly, the TB incidence rate, 

namely new cases per 100 000 population per year, is estimated to have increased by 3.6% between 

2020 and 2021, following declines of about 2% per year for most of the past two decades (see Figure 

2) (WHO, 2022). 
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Figure 2: 

Global Trends in the Estimated Number of Incident TB Cases (left) and Incidence Rate (right), 2000–2021 

 

Source: The image was obtained from Global tuberculosis report 2022, (p.13), by the World Health Organization, 2022, 

(https://www.who.int/teams/global-tuberculosis-programme/tb reports/global-tuberculosis-report-2022). 

2.2.3 World Health Organization’s End Tuberculosis Strategy 

The WHO adopted the End TB Strategy after 2015 and aims to end the global TB epidemic as part of 

the newly adopted Sustainable Development Goals. Furthermore, the strategy proposes to end the 

global TB epidemic by 2035. The strategy targets a 90% reduction in patients suffering from TB, a 

95% reduction in deaths from TB by 2035, and the protection of families from catastrophic costs that 

push them even further into poverty. The strategy involves a set of targets that are measured through 

milestones by using the three indicators seen in Figure 2. In this case, the strategy included milestones 

(for 2020 and 2025) and targets (for 2030 and 2035) for large reductions in the TB incidence rate (new 

cases per 100 000 population per year), the absolute number of deaths caused by TB, and costs faced 

by TB patients and their households (see Figure 3). To reach these milestones and targets, an annual 

decline in the TB incidence rate of 4% to 5% per year by 2020, accelerating to 10% per year by 2025 

and then to an average of 17% per year from 2025 to 2035 is required (WHO, 2023). 

The framework captures the diversity of TB epidemiology in the region, ranging from low-

burden countries that are on the verge of eliminating TB, to countries with a very high-TB burden. Key 

requirements to reach the milestones and targets are defined in the three pillars of the End TB Strategy, 

namely: 1) provision of TB prevention, diagnostic and treatment services in the context of progress 

towards UHC and social protection; 2) multisectoral actions to address broader social and economic 
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determinants of TB; and 3) technological breakthroughs, such as a new TB vaccine by 2025. South 

Africa has prioritised vaccine preparedness as reflected in the National TB Programme (NTP) Strategic 

Plan, 2023-28. In collaboration with the national TB Think Tank and the National Advisory Group on 

Immunisation (NAGI), preparatory work for the introduction of TB vaccines is currently in progress. 

The WHO (2023) provides technical support to member states in adapting and implementing the 

regional framework. Furthermore, support includes revisiting challenges and actions in four layers: 

TB-specific challenges; challenges in health systems that influence TB care; challenges in sectors 

beyond health that determine TB; and overarching governance issues (WHO, 2023). 

In relation to the above, this study links up with pillars one and three. The first pillar deals with 

integrated, patient-centred care and prevention. The component of interest is the treatment of all people 

with TB and providing patient support. The third pillar highlights research and innovation. The study 

is focused on the uptake of new tools as part of the intervention and the implementation of innovative 

technologies to measure their impact. This research study can contribute to reaching the goal of ending 

the global TB epidemic by supporting patients on TB treatment in their adherence to medication 

regimes using mHealth technology. The implementation of this innovative support technology is 

highly relevant for informing the health system on the impact it makes by generating scientific 

evidence. In addition, this study also explores the possibilities of making the mHealth tool available 

and accessible to patients in a wider South African context. 
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Figure 3: 

Summary of the Global End TB Strategy 

 

a. This indicator is for the combined total of TB deaths in HIV-negative and HIV-positive people. Deaths from TB among HIV-positive people are 

officialy  

     classified as deaths caused by HIV/AIDS, with TB as a contributory cause. 

b. This indicator is not the same as the SDG indicator for catastrophic health expenditures. 
 

Source: The image was obtained from Global tuberculosis report 2023, (p.3), by the World Health Organization, 2023, 

(https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022). 

 

Ending TB is not just a public health problem, but a development challenge and opportunity. 

Although the strategy is not a “one-size-fits-all” approach, its success depends on adaptation in diverse 

countries’ settings (WHO, 2023). The WHO has set targets for 2020 to 2035, which require that 

countries need to reduce TB incidence by 80%, TB deaths by 90%, and to eliminate catastrophic costs 

for TB-affected households by 2035 as compared to a 20% reduction in TB incidence, and a 35% 

reduction in the absolute number of TB deaths for 2020 (WHO, 2019). 
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Figure 4 shows that geographically most TB cases reported in 2018 were found in South-East 

Asia (44%), followed by Africa (24%) and the Western Pacific (18%). The Eastern Mediterranean 

(8%), the Americas (3%) and Europe (3%) had smaller percentages. Eight countries accounted for 

two-thirds of the global total, namely: India (27%), China (9%), Indonesia (8%), the Philippines (6%), 

Pakistan (6%), Nigeria (4%), Bangladesh (4%) and South Africa (3%). These and 22 other countries 

in the WHO’s list of 30 high-TB burden countries accounted for 87% of the world’s cases (WHO, 

2020). 

Figure 4: 

Global Estimated TB Incidence Rates Reported in 2019 

 

Source: The image was obtained from Global tuberculosis report 2020, (p.35), by the World Health Organization, 2020, 

(https://iris.who.int/bitstream/handle/10665/336069/9789240013131-eng.pdf?sequence=1). 

2.2.4 Overall Tuberculosis Statistics in South Africa and the Implications of the COVID-19 

Pandemic 

Globally, the Covid-19 pandemic has set back the fight against TB by and an estimated decade 

(WHO, 2021). This is owing to restrictions that disrupted essential TB services. Overall TB profile 

statistics in South Africa, provided by the WHO in 2022, reported the TB incidence as 280 000 (468 

per 100 000 population per year) (see Figure 5). The TB mortality total among HIV-negative patients 

was 23 000 during the 2022 period (39 per 100 000 population per year). 
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Figure 5: 

Estimates of TB Burden: South African Profile Figures for 2022 

 

Source: The image was obtained from Global Tuberculosis Programme: Country, regional and global profiles webpage, 

by World Health Organization, 2022, 

(https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&iso2=%22ZA%22&lan=%22

EN%22). 
 

South Africa reported a 50% reduction in the number of TB tests conducted during the initial 

stages of the Covid-19 pandemic. In addition, a 12% reduction in the targeted TB treatment success 

rate of 90% was observed (Dheda et al., 2022). The reduction in access to treatment and healthcare 

services together with the disruption to transport services and treatment completion contributed to the 

reduction in TB treatment success rate. 

To overcome the setbacks brought about by the pandemic, the National Department of Health 

(NDoH) developed a National TB Recovery plan (April 2022–March 2023) to accelerate TB control 

efforts and fulfil global commitments to end TB. The plan’s key objectives are to locate people in 

communities with undiagnosed TB disease, strengthen the links between TB diagnoses to care and 

treatment, strengthen retention in TB care, and improve TB-related data collection and management 

(South African Medical Research Council, 2023). 

Several provinces in South Africa developed aggressive TB-related plans to help monitor the 

TB response (Jeranji, 2021). An example is the Western Cape province, which launched a public TB 

dashboard (Western Cape Government, 2023). The TB dashboard includes data on TB cases, deaths, 

test positivity and drug resistance, all of which dates from 2015 onwards. This was achieved through 

computer modelling, based on lessons learnt from the global response in the fight against Covid-19. 

This interactive programme aims to get the TB response in the province back on track (Jeranji, 2021). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9538507/#B35
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9538507/#B61
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9538507/#B61
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Similarly, researchers across the world have called for real-time TB dashboards for recording cases 

and deaths (Mascarenhas, 2022). 

Tuberculosis remains the leading cause of natural death among all people in South Africa, and the 

leading cause overall among people living with HIV (PLWH) (Naidoo et al., 2019). South Africa is 

among the eight high-burdened countries that contribute to 58% of new TB cases globally (WHO, 

2019). Therefore, if TB is not managed, there will be a continuing increase in transmission of TB 

infection in South African communities. This is likely to impose serious financial burdens on sufferers 

due to prolonged treatment, diagnostic procedures, and the use of multiple drugs (Assefa et al., 2024). 

In addition, this will lead to the increase in the global burden of TB. 

The condition is treatable, on condition that patients use their medication as prescribed for the 

recommended period of six months. If patients fail to adhere to their treatment regimen, this may result 

in the development of drug-resistant (DR-TB), thereby compromising the treatment and prognosis. 

Follow-up visits are needed to monitor response and adherence to treatment. In addition, these 

monitoring visits offer patients the opportunity to report adverse reactions to their treatment. The 

treatment of drug-susceptible TB (DS-TB) is divided into two phases, namely: 1) the intensive phase, 

which lasts for two months; and 2) the continuation phase, the last four months of taking a combined 

course of antibiotics (Nahid et al., 2016). 

2.3 MEDICATION ADHERENCE 

2.3.1 Medication Adherence Defined and Clarified 

Adherence to treatment is a complex subject that is associated with various terminologies like 

compliance, persistence, discontinuation, all of which are still being used as synonyms or equivalents 

of adherence (Anghel et al., 2019). Compliance, one of the first terms used, is defined as “the extent 

to which a patient acts in accordance with the prescribed interval and dose of a dosing regimen” 

(Anghel et al., 2019, p.118). This definition was labelled as having a negative connotation in that it 

requires patients to be obedient to healthcare providers’ (HCP) instructions. Since more recently the 

act of prescribing treatment is viewed as a shared decision between a patient and an HCP as both can 

influence medicine-taking behaviour (Anghel et al., 2019). For this study, adherence is defined as a 

person’s behaviour matching the prescribed medical advice of the healthcare provider (Adefolalu, 

2018). Adherence is also linked to lifestyle-related recommendations such as taking medications, 

following diets, or executing lifestyle changes recommended by HCPs (Panahi et al., 2022). This study 

specifically focused on medication-taking. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9538507/#B92
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2.3.2 Problems Relating to Medication Adherence and the Implications and Consequences of 

Non-adherence 

Medication adherence continues to be an important challenge in healthcare, exacerbated by a shortage 

of effective interventions (Kvarnström et al., 2021; Nanji et al., 2013; Ruru et al., 2018). Non-

adherence can increase healthcare costs through the consumption of medicines below the threshold of 

adherence required for clinical benefit, and can contribute to healthcare resource use, for example 

through hospital admissions (Kvarnström et al., 2021; Mongkhon et al., 2018; Nanji et al., 2013). In 

these cases patients’ long-term treatment outcomes are affected. An international study conducted by 

Fernander-Larazo et al. (2019) in Spain reported that adherence to treatment for chronic conditions 

remains low in primary care. The proportion of patients adherent to treatment in the Fernander-Larazo 

et al. (2019) study was 55.5%, as indicated by their research sample. Other meta-analyses and 

systematic review studies reported adherence rates of around 50% or less (Cheen et al., 2019; Naderi 

et al., 2012; Nieuwlaat et al., 2014; Petry et al., 2012). Sabaté (2003) further argues that only half of 

patients with chronic conditions take their medications as prescribed. Improving medication adherence 

should thus be a public health priority (Sabaté, 2003). 

In the context of TB, patients’ failure to adhere to TB treatment is also a major challenge as it 

leads to poor treatment outcomes (Gashu et al., 2021). According to Ruru et al. (2018), complete cure 

requires six months of treatment with multiple drugs without any interruption. Therefore, this poses a 

challenge for patients and healthcare workers. Incomplete TB treatment may cause prolonged TB 

transmission, increased risk of developing drug-resistant TB, relapse, and death (Ruru et al., 2018). 

Medication non-adherence is not only associated with poorer health outcomes but is one of the most 

significant obstacles to TB control globally (Gebreweld et al., 2018; Kvarnström et al., 2021). The 

impact of poor treatment on morbidity, mortality, and disease transmission is aggravated by poverty, 

weak healthcare systems, and low levels of health literacy found in many low- to middle-income 

countries (LMICs) (Kruk et al., 2018). Enhancing adherence is thus central to safeguarding both 

individual and public health (DiStefano & Schmidt, 2016). 

Adherence to TB medication is a complex and dynamic matter as it is affected by multiple 

barriers (Nezenega et al., 2020). The influence of these barriers, often referred to as factors individually 

and in combination, vary from one social or geographic setting to another. Managing non-adherence 

to TB medication requires awareness of context and target all the relevant factors (DiStefano & 

Schmidt, 2016). There are several categories of factors that impact the patients’ ability to follow 

treatment recommendations (DiStefano & Schmidt, 2016; Gebreweld et al., 2018; Sabaté, 2003; 

Woimo et al., 2017; Nezenega et al., 2020). Six categories of barriers are discussed below, namely: 1) 
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Illness cognition; 2) structural and healthcare-related factors; 3) quality of communication; 4) 

medication-related factors; 5) psychological distress and helplessness; and 6) behavioural factors. 

2.3.3 Categories of Medication Adherence Barriers 

2.3.3.1 Illness Cognitions 

Patient-related factors 

 are characterised by what is called illness cognitions. Rau and Williams (2013) describe illness 

cognitions as a range of cognitive processes underlying attention, interpretation, and behaviour in 

response to illness-related information. This personal assessment of health on the part of patients is 

central to their self-regulatory behaviour (self-care decision-making, communication with healthcare 

providers, commitment to treatment regimens, etc.) (Rau & Williams, 2013). 

Leventhal’s (1980) commonsense model of self-regulation (CS-SRM) (see Table 1) indicates 

that individuals develop cognitive illness representations elaborated around five main components, 

namely: identity, timeline, cause, consequences, cure or control, coherence, and emotional 

representations (Leventhal et al., 1980). It is important to understand that Leventhal’s self-regulatory 

model is useful for gaining insight into how people think of their illness and how this affects their 

adherence to therapeutic regimens and health outcomes (Leventhal et al., 2003; Leventhal et al., 2007; 

Leventhal et al., 2016; McAndrew et al., 2007). 

Table 1: 

Definitions of Common SENSE Model of Self-Regulation (CS-SRM) Constructs 

CS-SRM Constructs Definitions 

Identity 

Refers to the category, name or label, and the experience of symptoms, changes in function and 

visible signs. The combination of abstract and concrete experiential features “define” or identify the 

disease (Leventhal et al., 2007). 

Timeline 

The duration that can be expected or perceived with respect to the onset and duration of an illness 

both with and without effective treatment. Timelines are represented abstractly as clock and calendar 

time and concretely as experienced or felt time (Leventhal et al., 2007). 

Cause 
Reflects the perception of the single or complex set of events that are perceived as responsible for 

disease onset (Leventhal et al., 2007). 

Consequences 
The set of expected and perceived physical or functional, personal, and social and economic factors 

on which the illness has an impact (Leventhal et al., 2007). 

Cure/control 

Refers to the expectation that a specific disease can be cured or controlled by the body’s own 

defences or in conjunction with expert intervention, and the actual experience of the effects of these 

interventions on specific features (symptoms or test results) of disease (Leventhal et al., 2007). 

Coherence Whether or not people understand or have a clear picture of their illness (Moss-Morris et al., 2002). 

Emotional representation An emotional representation generated by the illness (Moss-Morris et al., 2002). 

Source: (Leventhal et al., 2007; Moss-Morris et al., 2002). 
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According to Astin and Jones (2006) illness misperception has negative effects on patients’ 

behaviours such as adherence to treatment, self-diagnosis, help-seeking behaviour, and outcomes of 

the disease. In South Africa the problem of illness misperceptions is big, firstly the myths around TB 

only affecting certain groups of people, such as those who live in poverty, secondly that TB is 

extremely contagious and lastly there is low TB knowledge. Although people have a general idea of 

what TB is, gaps continue to exist in knowledge on transmission, treatment, and prevention 

(Matakanye et al., 2021). This problem requires increased efforts in public awareness and health 

promotion on TB knowledge. Furthermore, patients’ perception of the disease (based on the beliefs 

and perceived knowledge of their condition) can affect their mental health and how they deal with the 

disease (Yaraghchi et al., 2012). TB patients perceived their illness to be of long duration. It is common 

for some patients with TB not to have visible symptoms and feel well, particularly during the 

continuation phase of the treatment (after the initial two-month, clinic-based treatment period). The 

latter is a factor for non-adherence and loss to follow up because patients perceive themselves to be 

well and cured (Nezenega et al., 2020). In addition, patients mistakenly assume that if they do not feel 

ill, (have no cough/night sweats/loss of appetite/feeling tired/weight loss/generally not feeling well), 

that it means they are not sick, so why would they take medication. For those TB patients who 

experience TB symptoms, they may feel guilty that they might infect others and thus aggravate the 

sense of stigma. These thought processes link to illness cognitions, particularly the timeline and cure 

or controllability of the condition, for example, whether TB is curable, as well as which symptoms 

patients associate with the disease. 

Illness perceptions shape the mental experience of living with an illness. For example, positive 

or negative beliefs about the disease can affect the ability to cope with the disease and perceive it as 

manageable or threatening (Saranjam et al., 2023). TB patients who are highly concerned about their 

illness tend to have poor mental quality of life. For example, depression and anxiety have been 

identified as very high in patients with tuberculosis – this affects their quality of life and adherence to 

treatment which results in loss to follow-up (Mohammedhussein et al., 2020). Therefore, through 

cognitive and emotional responses, illness perceptions can increase patients’ motivation to improve 

their lifestyles and influence how well they adjust (van Broekhoven et al., 2017). In addition to illness 

cognitions, structural and healthcare-related factors can also have an impact on adherence behaviour. 

2.3.3.2 Structural Factors and Healthcare-related Factors 

Poverty and difficulties with travelling to the healthcare facilities are structural factors in developing 

countries that form barriers to medication adherence and are harder to overcome. Poverty can have an 

impact on adherence, for example, where treatment costs are not covered. Poor patients or those 
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supporting patients then have to choose between going to work and looking after their health 

(DiStefano & Schmidt, 2016). This issue can be overcome by offering free TB treatment at health 

facilities and food parcels for those on treatment. A study conducted by Vanleeuw et al. (2022) on food 

insecurity and access to social protection for TB patients and their households in Cape Town, South 

Africa reported that access to adequate nutritious food and state social protection support during the 

TB illness was important for many patients. However, access to the state social protection support 

itself comes with high costs. For example, TB patients reported challenges associated with the 

application process and the high levels of discretion by the assessing doctor allowing doctors’ opinions 

and beliefs to influence their assessment (Vanleeuw et al., 2022). 

Distance of the health facility from home relates to transport costs. Therefore, healthcare facilities that 

are geographically inaccessible from residences prevent patients from keeping their regular clinic 

appointments and receiving follow-up treatment. This can result in non-adherence and defaulting of 

treatment (Marahatta et al., 2020; Nezenega et al., 2020). A study conducted by Kahere et al. (2022) 

at five public hospitals in KwaZulu-Natal, South Africa, show that the burden of travel to and from the 

healthcare facility was one of the most concerning barriers to accessing healthcare facilities. This was 

due to outpatients often booked for multiple visits to the facility (follow-up treatments or because pain 

was not going away). In addition, lack of efficient emergency transportation services (ambulances) 

worsens the situation, forcing patients who are financially struggling to hire private vehicles (Kahere 

et al., 2022). The study indicates that this issue remains a major problem. Furthermore, this issue is 

recognised and forms part of the third target of the End TB Strategy, that no TB patients and their 

households should face catastrophic total costs because of the disease. “Catastrophic” is defined as 

direct medical expenditures, direct non-medical expenditures, and indirect costs (loss of income) that 

comprise more than 20% of household income (WHO, 2023). To resolve the transportation costs 

incurred by TB patients every time they need to access the healthcare facilities, the delivery of 

treatment to TB patients at their homes can possibly be explored. Patients who adhere to treatment, 

whose sputum culture conversion after two months of treatment is negative and who do not experience 

adverse drug effects should be treated differently according to their needs (i.e. have less clinic visits). 

TB should consider following an approach similar to the differentiated model of care for HIV. 

Inadequate drug stocks, long waiting times, inconvenient service hours, lack of support and 

empathy by healthcare providers have also been identified as barriers of adherence to TB treatment 

and can lead to the discontinuation of care (DiStefano & Schmidt, 2016; Kvarnström et al., 2021; 

Marahatta et al., 2020). In relation to empathy, the aspect of communication between the patient and 

healthcare provider can have a significant effect on adherence. What is currently being done to address 

these issues include the implementation of the universal health coverage, which is a starting point for 
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improving the quality of health systems. There are trainings in the pipeline which will be offered to all 

health workforce members, such as competency-based clinical education, training in ethics and 

respectful care to enable the delivery of best care (Kruk et al., 2018). The issue of drug stockouts is 

not exclusive to South Africa; however, the National Department of Health has rolled out a range of 

electronic surveillance systems to monitor medicine stocks throughout the country’s healthcare 

facilities (Copelyn, 2023). Although many healthcare workers feel the new systems are making a 

positive impact, the stockouts remain owing to a host of ongoing supply challenges (Copelyn, 2023). 

2.3.3.3 Quality of Communication 

The quality of communication essentially determines the nature of the patient–provider relationship. 

Patients who perceive a provider or healthcare professional as treating them with warmth and empathy 

are more likely to regard the professional as competent, which then translates into improved adherence 

(Kwame & Petrucka et al., 2021). In contrast, if patients feel they are treated without any emotion or 

personal care, they may regard the professional as incompetent, which translates into non-adherence. 

Communication may therefore increase the burden of the illness and have an essential influence on a 

patient’s adherence behaviour (Kvarnström et al., 2021). A study conducted by Chandru and Varma 

(2023) in India on factors affecting the ability of TB patients to follow treatment guidelines showed 

meaningful results. In that study, patients who felt that they were supported in their treatment by 

healthcare providers expressed that they felt being seen, acknowledged, listened to, responded to when 

they had doubts, and were respected in terms of privacy and confidentiality. In addition, respect and 

good communication facilitated trust (Chandru & Varma, 2023). It can be concluded that the emotional 

component experienced by patients in relation to the healthcare service they receive (including 

satisfaction) is important. Furthermore, other technical aspects of care that are likely to influence 

patients to become non-adherent includes perceptions regarding less than professional care and long 

waiting hours to get the healthcare service (Nezenega et al., 2020). 

2.3.3.4 Medication-related Factors 

Patients at the onset of their illness may lack information on the medication they will have to take, 

therefore treatment may seem to be time-consuming and complex. A risk factor for medication 

adherence that can easily lead to missing doses or sleeping through dosing times is forgetfulness. In 

this context, forgetfulness is related to the lack of routines, being busy with work, being away from 

home for work or other social-related activities and experiencing difficulties in integrating medication 

into daily life (Kvarnström et al., 2021; Nezenega et al., 2020). Furthermore, patients’ motivation to 

adhere to medication is also affected when they associate taking medication with being sick, consider 

the medication not being safe, regard medication-taking as unpleasant (size of the tablet makes it 
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difficult to swallow or leaves an after-taste or causes throat pain), and experiencing side effects 

(including fever, fatigue, weakness, nausea, vomiting, hepatitis or death) (Adisa et al., 2021; DiStefano 

& Schmidt, 2016; Kvarnström et al., 2021). 

In relation to the actual medication and prescription, other studies (Aibana et al., 2020; 

Mekonnen & Azagew, 2018) found that the high pill burden of TB treatment undermined adherence. 

In addition, during the continuation phase of treatment, in the aforementioned study patients 

experienced improved symptoms of the disease and could possibly have interpreted their condition as 

cured. This contributed to carelessness in taking medications and resulted in the continuation phase of 

treatment being significantly associated with non-adherence (Mekonnen & Azagew, 2018). 

Essentially, it can be argued that patients’ adherence declined when they were prescribed complex TB 

treatment. This explains why patients with poor awareness about the need to take medication as 

prescribed may seek to adjust their doses according to their own understanding (Kvarnström et al., 

2021). Therefore, an education component associated with prescribing TB medication may be useful 

in improving adherence. Patients need to be educated on each medication, including its own risks for 

adverse effect and potential drug interactions (for example, rifampicin interacts with many drugs, 

including hormonal birth control, making them ineffective). In addition, the importance of completing 

the entire course of treatment needs to be emphasised at every visit, irrespective of the patient’s feeling 

better (especially during the continuous phase of treatment) to avoid developing drug resistance. In 

addition to medication-related factors, patients’ psychological distress, helplessness, and behavioural 

factors associated with adherence behaviour, are outlined in the section that follows. 

2.3.3.5 Psychological Distress and Helplessness 

Drapeau et al. (2012) define psychological distress as a state of emotional suffering that is characterised 

by symptoms of depression and anxiety. In addition, psychological distress can affect individuals’ 

ability to care for their own health and can cause chronic and physical disability (Veggi et al., 2004). 

Research suggests that the combination of psychological distress and other medical conditions has an 

impact on several health outcomes and adherence to medication is one of them (De Hert et al., 2011; 

Moore & Posada, 2013). For example, individuals with psychological distress are at greater risk of 

treatment non-adherence (de Hert et al., 2011; Hüther et al., 2013). 

In the context of tuberculosis, psychological distress is common due to the social and medical 

risk factors (Doherty et al., 2013). Peltzer et al. (2012) emphasised that psychological distress among 

TB-infected patients on treatment in developing countries is high. A study conducted in Russia on 

factors influencing diagnostic delay among patients with TB found that the main contributing factor to 

unsuccessful health-seeking behaviour in patients with TB was being overcome with hopelessness. As 
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a result, this state of hopelessness affected the patients’ self-esteem, which had a ripple effect on their 

family life, work and social relations (Kuznetsov et al., 2013). A sense of hopelessness reflected the 

passive position of many TB patients in this situation, including their feelings of inability to change 

anything in their lives (Kuznetsov et al., 2013). Naidoo and Mwaba (2010) found among people with 

TB attending a public health clinic in the Cape Metropolitan area that the psychosocial factors feelings 

of helplessness, depression, and inadequate social support had a negative influence on adherence to 

treatment. A study conducted in Ethiopia on the magnitude of psychological distress and its effect on 

treatment outcome among TB patients found that levels of psychological distress was high, and was 

further associated with their low economic status. Therefore, it was recommended that screening and 

treatment of psychological distress be implemented among TB patients across the treatment duration, 

specifically among those patients who are economically deprived (Tola et al., 2015). In addition, 

Nezenega et al. (2020) reported on a qualitative study conducted in Addis Ababa that the poor mental 

health status of patients contributed to their reluctance to attend follow-up and clinic appointments 

regularly. 

2.3.3.6 Behavioural Factors Influenced by the Locus of Control 

Health locus of control is recognised as a factor affecting the development and promotion of health 

behaviours (Dogonchi et al., 2022). It is believed that the amount of control a person has over specific 

events in their life ultimately predicts their health behaviour (Náfrádi et al., 2017). There are two types 

of health locus of control, the external and the internal locus of control. People with an external locus 

of control believe that the events that happen in their lives are the result of external factors such as fate, 

luck, and the influence of powerful others (doctors). External locus of control is illustrated by patients 

who have an adverse emotional reaction to TB (Anderson et al., 2018). These patients perceive TB 

disease as an unwanted episode, meaning they do not accept it and believe it is someone else’s fault. 

In contrast, people who have an internal locus of control believe that their own abilities, actions, and 

behaviours directly influence their health outcomes (Hashemian et al., 2015). People who feel 

responsible and self-empowered, and have a strong belief in their ability to complete treatment, have 

a positive attitude to medication adherence (Kvarnström et al., 2021). According to theory, people with 

an internal locus of control follow positive health behaviours, while those with an external locus of 

control tend to engage in negative and poor health behaviours (Hairaty et al., 2019). It is therefore 

important to focus on people’s beliefs about the influence of internal factors and increase awareness 

about their ability to promote their own health behaviours (Fathabadi et al., 2018). Health locus of 

control ultimately relates to a person’s views about who is in control of their health. When this locus 

is internal a person regards themself as responsible, so they make better health choices and commit 

https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-712#auth-Vladimir_N-Kuznetsov-Aff1-Aff2-Aff3-Aff9
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-712#auth-Vladimir_N-Kuznetsov-Aff1-Aff2-Aff3-Aff9
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more to treatment compared to someone with an external locus, who feels that the condition is due to 

external factors and that someone else needs to take care of their health issue. 

In addition to psychological factors influencing medication adherence behaviour, self-efficacy and 

stigma have been recognised as significant predictors of adherence behaviour (Adefolalu et al., 2014; 

Huang et al., 2013; Náfrádi et al., 2017). 

2.3.3.6.1 Self-efficacy 

Self-efficacy, according to Bandura (1989), is an individual’s personal beliefs regarding their 

capability to carry out a specific task to achieve a desired outcome. An individual’s self-efficacy may 

be related to their independent construal of the self. Other researchers have found that the individual’s 

independent construal of the self is positively related to self-efficacy (Suryaningrum, 2018). 

Furthermore, Bandura’s social cognitive theory (SCT) suggests that self-efficacy influences 

motivation and the ability to engage in self-care behaviours (Bandura, 1986; Tan et al., 2021). In 

addition to this theory, personal cognitive and affective factors such as belief and self-efficacy, and 

environmental factors such as social support contribute to a dynamic, ongoing process that influences 

self-care behaviour. Individuals with high self-efficacy are more likely to engage in self-care 

behaviours and maintain them over time, irrespective of obstacles that prevent them from performing 

these behaviours (Bandura 1986, 2013). It can therefore be argued that enhancing self-efficacy will 

result in improved self-care behaviours among affected individuals. In the context of medication 

adherence, the patient believes in their ability to continue taking medication despite various challenges 

that may be encountered. A high sense of efficacy can be associated with better health outcomes, 

greater achievement, and better social integration (Kvarnström et al., 2021). 

According to Gallagher (2012), self-efficacy theory does not suggest that positive self-efficacy 

beliefs are the only causes of important outcomes. Instead, self-efficacy theory is rooted in a theory of 

triadic reciprocal determinism that is characterised by a constant interplay between personal factors 

(self-efficacy beliefs), behaviour, and environmental factors. Therefore, self-efficacy theory highlights 

the relative importance of personal factors, but at the same time acknowledges that behavioural and 

environmental factors have a profound effect on outcomes (Gallagher, 2012). In essence, if the effects 

of the environment are consistent (an even playing field for all), then self-efficacy beliefs will assume 

an even greater role in determining human behaviour, and ultimately in shaping outcomes (Gallagher, 

2012). 

Differences in patient motivation and willingness in relation to self-efficacy can hinder adherence 

(DiStefano & Schmidt, 2016; Kvarnström et al., 2021; Nezenega et al., 2020). If, however, the patient 
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perceives the TB disease (this includes medication, wellness or cure, risk, and barriers over the 

benefits) as something they cannot control, they are more likely to be non-adherent to TB medication 

(Kvarnström et al., 2021; Nezenega et al., 2020). Patients’ lack of information or knowledge of TB at 

the beginning of treatment (despite medication information and adherence counselling offered by the 

healthcare provider) may cause them not to believe in their own abilities to follow the treatment. 

Self-efficacy is an important skill when coping with practical problems in daily life. In relation to 

TB patients, taking ownership to self-manage the medication increases the chances of better adherence 

(Kvarnström et al., 2021). A study conducted by Aregbesola and Adeoye in 2018 investigated HIV-

treatment adherence self-efficacy and antiretroviral therapy (ART) adherence among 126 HIV-

positive, pregnant women in South-West Nigeria. The HIV-Treatment Adherence Self-efficacy Scale 

and the Centre for Adherence Support Evaluation Index Tool were used to measure the study’s 

constructs. The results showed that low HIV-treatment adherence self-efficacy was related to poor 

medication adherence, therefore highlighting the value of self-efficacy in adherence to HIV treatment 

(Aregbesola and Adeoye, 2018). Other research studies (Holloway & Watson, 2002; Lim et al., 2021; 

Martono et al., 2023) on adherence and self-efficacy show similar results to those of Aregbesola and 

Adeoye (2018). These studies found that adherence to pulmonary tuberculosis treatment is highly 

dependent on optimal self-efficacy (Martono et al., 2023). In addition, self-efficacy has been identified 

as a significant predictor of current health behaviour, future health behaviour, and change in health 

behaviour (Holloway & Watson, 2002). Lim et al. (2021) posit that by increasing self-efficacy and 

empowering patients to make informed decisions about how they receive TB-preventive therapy, the 

goal to complete treatment can be achieved. Future research needs to apply context-specific self-

efficacy measures for predicting medication adherence (Náfrádi et al., 2017). 

2.3.3.6.2 Stigma 

Stigma is understood as an attribute that a person possesses (or is believed to possess) that is devalued 

or discredited in a particular social context (Crocker et al., 1998; Feldman & Crandall, 2007; Goffman, 

1963). Subu et al. (2021) indicate that in general stigma leads to negative social experiences such as 

isolation, rejection, marginalisation, and discrimination. Thus, if stigma is related to a health condition 

such as mental illness, it may affect a person’s illness and treatment course, including access to 

appropriate and professional medical treatment (Subu et al., 2021). Furthermore, stigma is also linked 

to illness cognitions and consequently patients may erroneously assume that they will be judged by 

others if they take their medication in front of them, while watching them. Although stigma is strongly 

influenced by cultural and contextual value systems that differ over time and across contexts, most 

authors agree with Goffman’s basic elements of stigma, which is labelling, stereotyping, social 

isolation, prejudice, rejection, ignorance, loss of status, low self-esteem, low self-efficacy, 
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marginalisation, and discrimination (Ahmedani, 2011; Corrigan et al., 2005; Corrigan et al., 2006). In 

the context of mental healthcare, stigma has been identified as a major issue for patients and families. 

The impact of stigma and the prejudice patients encounter has been equated with the negative 

symptoms associated with their disorder, and becomes a burden on their private and public lives (Gluck 

et al., 2019). 

Corrigan (2004) identified two types of stigmas associated with mental health and psychological 

services: public stigma (enacted) and self-stigma (internalised). It is important to highlight that stigma 

is also related to some medical conditions (HIV, TB, etc.) and disabilities (not only mental health). 

Public stigma is referred to as the act of discriminating against individuals with the specific 

characteristics or attributes. Public stigma influences the development of self-stigma (Vogel et al., 

2007) to an extent that individuals with mental illnesses experience a decreased intention to seek help 

and have limited capacity to establish positive attitudes about themself (Vogel et al., 2013). Self-stigma 

is the act of personally internalising the public stigma being displayed by other people and the 

stereotypes surrounding mental illness (Corrigan, 2004; Corrigan et al., 2010). However, as self-stigma 

is heavily influenced by public stigma, higher public stigma can result in higher self-stigma (Vogel et 

al., 2006, 2017). Furthermore, studies conducted in rural China and Ethiopia have shown that 

experienced stigma is significantly associated with psychological distress (Ayana et al., 2019; Xu et 

al., 2017). TB patients who feel stigmatised may be less likely frequently to use health services and 

will try to conceal their illness because of low self-esteem and social isolation (Chen et al., 2021). Low 

adherence to medication can be influenced by psychological factors, one of which is self-stigma 

(Akbar et al., 2020). 

Both enacted and internalised stigma are experienced by people diagnosed with TB. Internalising 

the stigma may increase the risk of mental and physical health problems, which can have negative 

consequences for treatment adherence (Blake Helms et al., 2017). Studies have found that internalised 

stigma results in treatment avoidance and decreased participation in treatment (Corrigan, 2004; 

Corrigan et al., 2010; Vogel et al., 2013). In addition, internalised stigma (including self-stigma) is 

linked to increases in psychological distress and poorer quality of life (Cheng et al., 2019; Moya et al., 

2014; Sarkar et al., 2019). According to DiStefano and Schmidt (2016), real or perceived stigmatisation 

of the sick can hinder adherence. Patients may not want anybody to know about their illness due to the 

fear of being stigmatised. The fear can be so intense that the patient would prefer not to take medication 

if there is a possibility that someone might be watching (Kvarnström et al., 2021). Therefore, 

internalised stigma has been identified as a risk factor for early treatment interruption (Ifebunandu & 

Ukwaja, 2012; Hassard et al., 2017). Tuberculosis patients’ behaviour in response to social 

discrimination has contributed to diagnostic delays, non-adherence, and the abandonment of treatment, 
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resulting in an increased number of multidrug-resistant tuberculosis cases (Burtscher et al., 2016; de 

Almeida Crispim et al., 2017; Kamaradova et al., 2016; Marahatta et al., 2020; Mhode & Nyamhanga, 

2016). It is of key importance to note that some TB patients experience the suppression of self-esteem 

secondary to stigmatisation, which contributes to treatment avoidance (Chen et al., 2021; Kastien-

Hilka et al., 2017). More research is warranted using validated instruments to quantify the impact of 

stigma on treatment compliance (Courtwright & Turner, 2010). 

In the context of technologies used to control TB, Craig et al. (2017) highlight the fact that their 

use in diagnostics and treatment have been implicated in the social construction of stigma and can 

further reinforce stigma and stigmatising practices. This intersection between technological 

innovations and the implementation settings at times have unintended consequences. For example, 

HIV rapid tests that, due to their rapidity and ease of use, allow some private doctors to test for HIV 

without the patient’s knowledge, further reinforces the existing stigma that prevents patients agreeing 

to HIV testing (Engel et al., 2015). Similarly, patient treatment cards that identify patients as co-

infected with HIV and TB through their colour (Kwapong et al., 2014), or DOTS treatment schedules 

that expect patients to attend a TB clinic in their community daily, can reinforce existing stigma (Craig 

et al., 2017). The use of the pillbox can extend the experience of stigma for the patient as carrying the 

pillbox is associated with the fear of being identified as someone suffering from a chronic illness, 

which might indicate poor adherence to treatment (Ndege et al., 2022; Paschoal et al., 2014). 

2.4 LANDSCAPE OF TB ADHERENCE TECHNOLOGIES 

2.4.1 Classification of Measures of Adherence 

Identifying non-adherent patients to treatment requires the use of different methods that have been 

developed and validated across multiple settings. In general, they are commonly classified into direct 

and indirect methods (Anghel et al., 2019; Valencia et al., 2017). The WHO also classifies adherence 

assessment methods into direct (objective) and indirect (subjective) methods (Sabaté, 2003). Direct 

methods refer to measurements of clinical outcomes, dose counts, pharmacy records and electronic 

monitoring of medication administration. Objective methods seem to have the best potential to measure 

treatment adherence (Anghel et al., 2019). Indirect methods involve the patient’s own assessment of 

their medication-taking behaviour or the healthcare provider’s assessment (usually with the help of a 

questionnaire). The limitation with indirect measures is that they are inclined to contain a certain 

degree of bias. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/hiv-rapid-test
https://www.sciencedirect.com/topics/medicine-and-dentistry/hiv-test
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Valencia et al. (2017) also argue that the essence of direct methods is to provide evidence that 

the patient has taken medication, in contrast to indirect methods, which are used as proxy measures of 

medication intake (see Figure 6). 

Figure 6:  

Methods for Assessing TB Medication Adherence 
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Source: The image was obtained from the paper How do we measure adherence to antituberculosis treatment? (p.3), by 

Valencia et al., 2017, (http://dx.doi.org/10.1080/14787210.2017.1264270). 

2.4.1.1 Direct Methods 

Direct methods refer to “the direct observation of therapy or measurement of the drug (or metabolite) 

or biological marker levels in blood or urine, that verifies that the medication has been taken by the 

patient” (Anghel et al., 2019, p.121). It is similar to objective measures. Examples of direct methods 

include the following: 

• Directly observed therapy is one of the most used adherence interventions, in which a health 

worker, family member, or community member observes the patient taking TB medications as 

scheduled (Alipanah et al., 2018). 

• Detection of drug and metabolites’ concentration in urine, blood, and hair. The method is used 

to assess adherence to TB treatment by inspecting body fluid (urine) sample for colour change 

to detect the presence of the drug (or a metabolite) concentration. An example of such a point 

of care test is the IsoScreen (GFC Diagnostics, UK), a commercial toolkit that quickly detects 

isoniazid (INH) metabolites in urine for up to 30 hours after the INH ingestion (Mkopi et al., 

2014; Soobratty et al., 2014), with a sensitivity between 83% and 93% and a specificity over 

95%. 

• Ingestible sensor-based system is another novel method for directly measuring medication 

adherence (Tibble et al., 2021). The sensors are placed within pills and the signal is detected 

upon ingestion by an on-body wearable sensor, which records date and time of every event. In 

some instances, sensors for pill ingestion can be coupled with mobile technology, allowing 

wirelessly observed therapy (WOT) as a replacement for DOT. 

2.4.1.2 Indirect Methods 

Indirect methods “involve patient questionnaires, patient self-reports, pill counts, rates of prescription 

refills, assessment of patient’s clinical response, electronic medication monitors, measurement of 

physiologic markers, or patient diaries” (Anghel et al., 2019. p.121). These are similar to subjective 

measures. According to Lam and Fresco (2015), indirect methods are more popular in adherence 

research. 

2.4.1.2.1 Patient Self-reports 

Self-reported methods are among the most affordable and simple procedures for measuring adherence. 

Whether they are distributed online, administrated as structured interviews, or written questionnaires, 
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they are characterised with a high degree of popularity in adherence research and can easily be adapted 

for different patient populations (Forbes et al., 2018). Patient self-reports are generally perceived to 

overestimate adherence in comparison to direct methods because patients can be influenced by recall 

or reporting bias (Anghel et al., 2019). 

Patient self-reports are often used in the clinical setting. Examples include questionnaires, 

scales, interviews, and patient diaries. Questionnaires are used broadly and most of them are not TB-

specific. The most common questionnaires are: the Morisky medication adherence scale (MMAS) 

(Méda et al., 2014; Mkopi et al., 2014; Nezenega et al., 2013; van den Boogaard et al., 2011), the brief 

medication questionnaire (BMQ) (van den Boogaard et al., 2011), and the medication adherence rating 

scale (MARS) (Farmer, 1999). 

One of the main limitations of self-reporting adherence studies is the lack of reliability (Das et 

al., 2015; Herrero et al., 2015; Kulkarni et al., 2013; Mkopi et al., 2014; Nackers et al., 2012; Yin et 

al., 2012). This can be explained by patient recall bias and other information biases (O’Donnell et al., 

2014; Van den Boogaard et al., 2011; Zhou et al., 2012), social desirability (providing answers that 

would fit the researcher’s expectations), or the interviewer’s skills and construction of the questions 

(Nackers et al., 2012). A close relationship between the patient and the healthcare professional could 

also result in an overestimation of adherence rates (Adane et al., 2013; Amuha et al., 2009). 

Despite these limitations, self-reporting measures are inexpensive, easy to perform and can 

assess quantitative and qualitative information. Mkopi et al. (2014) showed that a single adherence 

question on missed doses in the last two days before the interview improved results for identifying 

adherent patients compared to the use of the INH urine test, but with low specificity in detecting non-

adherents. The authors also recommended that measures based on trust give the responsibility to the 

patient and improve communication (Mkopi et al., 2014). 

2.4.1.2.2 Pill Count Method Used to Monitor Adherence 

Pill count is a simple method that calculates the number of doses that have been taken between 

appointments and compares this with the total number of doses that the patient received. An adherence 

ratio is then calculated. For example, patients are asked to bring blister packs or pill bottles with any 

remaining pills to their scheduled clinic visits. The number of pills remaining is then compared with 

the total number of pills provided during their last visit. The time frame for visitations can vary from 

weekly to monthly depending on the phase of treatment. Therefore, this method is straightforward 

(easy to perform), inexpensive and can easily be applied for different type of formulations such as 

tablets and inhalers) (Lam & Fresco, 2015). However, its accuracy can be undermined by recall bias 



Tebogo Brenda Sole-Moloto   PhD (Psychology) 

 33 

(patients often not remembering how many pills they had received at the last refill visit or forget to 

bring blister packs to visits), by practitioner mistakes (errors in pill counting or including other pills in 

the anti-TB pill count), and behavioural changes prior to visits (Maciel et al., 2008; Nackers et al., 

2012). 

Lam and Fresco (2015) continue to critique the aforementioned method for not giving specific 

information about daily adherence and patterns of adherence. Furthermore, the pill count method 

assumes that by removing the correct number of tablets from the dosing unit is equivalent to taking the 

medicine as recommended. However, this assumption does not prove actual ingestion of the drug (Lam 

& Fresco, 2015). Patients can deliberately dump medication before their visits, thus compromising pill 

count and the potential improvement of adherence around the visit days (Gomes et al., 2011; Lam & 

Fresco, 2015). 

2.4.1.2.3 Prescription Record Review and Other Health Information Systems 

According to Andrade et al. (2006), data derived from monitoring adherence to the prescribed therapy 

in chronic diseases such as hypertension or diabetes is obtained from widely used health information 

systems. The health information system (HIS) provides the foundation for generation of quality data 

and is the building block of the health system because it integrates collection, processing, reporting 

and the use of information required for improving the effectiveness and efficiency of health services. 

This as a result enhances management at all levels within the health system (WHO, 2007). In recent 

times the requirement of better and more timely health and health-related information has been driven 

by the need to be more responsive to emerging and urgent health threats (WHO, 2008). 

The common three measures used to calculate adherence through data derived from the 

administrative databases include medication possession ratio (MPR), the ratio of medication supplied 

days divided by the days between the first fill and the last fill of the medication, and proportion of days 

covered (PDC) refers to the proportion of days covered by medication availability within a specified 

period of time, as well as cumulative medication gap (CMG), which represents the number of days in 

which the medication was not available, divided by the number of days between the first and last 

medication refill (Hess et al., 2006). 

Limited studies (Alobu et al., 2014; Chirwa et al., 2013; Kayigamba et al., 2013; Ong’ang’o et 

al., 2014) exist in which data from prescription records or other health information systems was used 

to describe adherence to anti-TB treatment. A study conducted by Juan et al. (2006) was the closest as 

it compared DOT with self-administered treatment (SAT), embedded in a pre-existing pharmacy 

network system. The accuracy of the data from health information systems is dependent on the quality 
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of the platform. Therefore, if the platform is reliable, data from the health system could be a useful 

tool for monitoring programmatic goals, and providing long-term information on a substantial number 

of patients (Valencia et al., 2017). Health information systems can also have advantages over medical 

reports as standardised information is not always retrieved. A study conducted in Rwanda, for example, 

found 20% of missing data when retrieving TB data from registers and individual treatment history 

charts (Kayigamba et al., 2013). 

2.4.1.2.4 Electronic Monitoring (Pill Bottles/Boxes) and Text Messaging 

Electronic monitoring devices (EMD), also known as a medication event monitoring system (MEMS), 

provide precise and detailed history about the number of doses taken and other deviations from the 

dosing regimens. Tibble et al. (2021) divide MEMS into three types: (1) Electronic pill bottles or 

boxes, both types of EMD, which monitor and record the history of the patient’s prescribed medication 

each time they are opened. In the case of pill boxes, they also use sound or light effects as reminders; 

(2) 99Dots, when dispensing a dose of TB medication from the blister pack reveals an unpredictable 

toll-free number to which the patient places a call; (3) Short message service (SMS) systems, when 

patients confirm that they have taken their medication by sending a message to their healthcare 

provider (Tibble et al., 2021). Opening an electronic pill bottle or box is assumed to correspond with 

the ingestion of the medication. However, like any indirect method, it cannot ensure the actual 

ingestion of the pill (Nackers et al., 2012) as any incorrect use of the device and repeated opening may 

affect its accuracy. A scoping review study conducted by El Alili et al. (2016), summarised evidence 

of all studies comparing the MEMS with alternative methods (self-report, pill count and rating by 

others) for measuring medication adherence. Compared to MEMS, median adherence was grossly 

overestimated, by 17% using self-report, by 8% using pill count and by 6% using rating (El Alili et al., 

2016). Electronic monitoring was nevertheless reported to have high validity (Denkinger et al., 2013). 

A medication event monitoring system is less invasive to patients’ behaviour compared to other 

methods and allow for long-term adherence evaluation (Valencia et al., 2017). In addition, MEMS, 

when coupled with mobile technology, can provide real-time information of patients’ adherence 

(Valencia et al., 2017). Using MEMS in large populations is limited by the relatively high price of the 

device, and some practical issues such as potential complications that may arise with refilling the 

prescription at the local pharmacy or with some medication formulations (El Alili et al., 2016). 

Wisepill technology is an electronic pillbox that monitors real-time adherence and plays an important 

role in identifying early adherence lapses prior to TB treatment failure (Bangsberg & Deeks, 2010). 

Furthermore, when wisepill is incorporated in a patient-centred model of improving adherence; it 

contextualises missed doses in the clinical, socioeconomic, and structural factors surrounding this 

highly stigmatised group (drug-resistant tuberculosis and HIV patients) (O’Donnell et al., 2014). The 
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Bionghi et al., (2018) study evaluated the accuracy and acceptability of a next-generation electronic 

pillbox (Wisepill RT2000) for Bedaquiline-containing TB regimens over a period of three weeks. The 

findings illustrated that wisepill was more sensitive (100%) when compared to seven-day recall (0%) 

in detecting non-adherence events (p = 0.02) (Bionghi et al., 2018). The wisepill box has also been 

used in other contexts to improve adherence in other diseases (such as HIV) (Dworkin et al., 2019; 

Ngowi et al., 2022; Reid & Dale, 2022). 

Several methods have been discussed to estimate adherence and quantify the impact of 

programmes aimed at increasing adherence as no method exists that is regarded as the “gold standard”. 

Anghel et al. (2019) recommend selecting at least two methods that can give results that are closer to 

reality: an objective method, which is usually more expensive and invasive, which gives solid proof 

of the ingestion of medication, and a subjective method, which is easy to implement and inexpensive 

but lack reliability and accuracy. The aforementioned methods can be accompanied by information 

regarding factors, beliefs, or barriers to adherence (Anghel et al., 2019). The reason for this is the lack 

of a standard definition of good adherence, but different thresholds for error are nevertheless used in 

various studies (Anghel et al., 2019; Mason et al., 2022). 

2.4.2 Challenges with Measures of Adherence to TB Medication 

Currently, there is no gold standard for measuring patients’ adherence to treatment owing to the 

variation in definitions of adherence (Mason et al., 2022). Therefore, different studies are generally 

tailored to assess specific interventions, which makes generalisation and comparison rather difficult 

(Andrade et al., 2006). 

Direct observation of the patient’s medication-taking behaviour by healthcare practitioners can 

provide proof of the ingestion of the medicine. However, in some cases this method can be impractical 

and not entirely accurate as patients can mimic the administration of the medicine only to discard it 

afterwards (Ting et al., 2020). Moreover, direct observations are possible only for hospitalised or 

institutionalised patients and are impractical to use in large population settings (Lam & Fresco, 2015). 

A study conducted by Ting et al. (2020) suggests the need for alternative treatment delivery methods 

that are more accommodating to patients than clinic-based DOT such as video DOT or partially self-

administered treatment. The treatment methods delivered to patients should be considered on a case-

by-case basis (Ting et al., 2020). 

Patients who are not provided with reimbursements or subsidies to travel to the clinic or 

community centre for weekly visits, as required by the DOT programme, may incur the monetary and 

time-related costs of the journey (Tanimura et al., 2014). Consequences of the former leads to loss of 
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wages, or results in the loss of employment (Tanimura et al., 2014). The DOT burdens patients with 

financial and opportunity costs (McLaren et al., 2016; Ting et al., 2020). 

Furthermore, using directly observed therapy raises concerns about the autonomy of the patient. 

There is a feeling of invasion of privacy because they are being watched as they take medication. This 

may lessen the patients’ ability to maintain privacy about their health and could prevent them from 

completing TB treatment or seeking TB testing in the first place (Cremers et al., 2015). The visits to 

the clinic for TB treatment or from the health worker to the patient’s home may increase the potential 

for fear of stigma associated with TB (Cremers et al., 2015; McLaren et al., 2016). 

2.4.3 The Value of mHealth Adherence Technologies 

Mobile health is a medical and public health practice supported by mobile devices such as mobile 

phones, patient monitoring devices, personal digital assistants (PDAs), and other wireless devices (Kay 

et al., 2011). In most recent years, the WHO has defined mHealth as a healthcare and public health 

service delivery supported by digital health tools on mobile devices (WHO, 2020). Worldwide, TB 

programmes and technical partners have initiated various electronic health (eHealth) and mHealth 

projects in support of and to improve TB treatment and prevention (WHO, 2010). While digital 

technologies are becoming important resources for the entire healthcare sector, mobile wireless 

technologies are particularly relevant, due to their user-friendliness, broad reach, cost-effectiveness, 

and popular public acceptance (Backes et al., 2021). The increase in the use of mobile phones across 

the world has led to substantial growth in health SMS-based technology. The SMS provides an easy, 

cheap, and accessible technology for mHealth that is accessible even in remote areas with limited 

resources (Saberi & Johnson, 2011). 

Technologies that are adopted for monitoring medication adherence provide the opportunity 

for continuous tracking of individual medication adherence behaviour (Mason et al., 2022). Adherence 

interventions such as reminders, monitoring, and other digital health technology are used to support 

TB patients during care (Nezenega et al., 2020). Several studies (Elliott et al., 2020; Franklin et al., 

2020) highlighted the need for long-term studies to evaluate the impact of interventions aimed at 

improving medication adherence. Longer studies will, however, require considerable effort to 

minimise participant attrition over these greater time frames. 

In addition, adherence technologies also compile real-time patient dosing history. This refers 

to doses being recorded right after the patients engage with the technology (sending an SMS response 

or opening the pillbox). On the other hand, healthcare providers can access patient dose-taking patterns 
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on a web-based interface. This will enable them to identify non-adherence before the patient returns 

for their next medication refill visit (Subbaraman et al., 2018). 

South African patients who have used digital intervention technologies for treatment adherence 

expressed a willingness to use the device during a full course of TB treatment (Andersen et al., 2016; 

Bionghi et al., 2018; Evans et al., 2016). A recent study by Mukora et al. (2023) on acceptability of 

using the medication monitor and experience of a differentiated care approach for TB treatment 

adherence among people living with TB in South Africa found positive attitude towards using the 

medication monitor. Qualitative studies (Bachman DeSilva et.al., 2013; Berry et al., 2019; Bionghi et 

al., 2018; Dworkin, Lee et al., 2019; Haberer et al., 2013; Vo et al., 2019; Woods et al., 2019) generally 

encountered positive feedback in relation to using mHealth devices. Patients felt empowered and 

engaged in their own healthcare. Receiving text reminders was appreciated because it helped patients 

to remember taking their medication as forgetting to do so is a common barrier to adherence. 

A study conducted in Taiwan by Huang et al. (2017) on medication non-adherence caused by 

forgetting and delays, used personalised medication systems that send an SMS to the user to remind 

them to take their medication. Good results were observed in over 1 000 patients who forgot to take 

their medications, although only short-term medication adherence was investigated. Additional studies 

(Haberer et al., 2016; Ware et al., 2016) suggest that sending reminders, either in the form of text or 

audio-visually (ringing sound and glowing light), prompts patients about where medications are stored 

and promote a habit of pill-taking behaviour. Currently, the reminder systems are being implemented 

to improve patient adherence to tuberculosis clinic appointments for diagnosis and treatment. 

More recent studies on mobile health instruments (Ahmad et al., 2020; Ali et al., 2019; Badawy 

et al., 2019; Carmody, 2019; Haase et al., 2017; Hincapie et al., 2019; Kjos et al., 2019; Morano et al., 

2019; Morrissey et al., 2018; Xiong et al., 2018) measured the user acceptability of utilising mobile 

technologies and investigated the impact of the mHealth tools on medication adherence. Hincapie et 

al. (2019) highlighted the importance of considering diverse experiences when engaging patients in 

mHealth for medication adherence. Furthermore, better outcomes are reached when the user’s 

individualised medication adherence strategies are used. Based on the different characteristics of each 

of the adherence technologies and the patient’s individual situation, multiple options might be suitable. 

Concerns highlighted relating to using mHealth technologies include digital exclusion, 

accessibility (connectivity and cost), privacy, confidentiality, personalisation, and fears that it might 

be used to replace other health services. Future studies need to investigate barriers to adoption and 

sustainability, for example, integration of technology into everyday life in the context of already 

established disease self-management routines (Sarradon-Eck et al., 2021; Dworkin, Panchal et al., 
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2019; Bucci et al., 2019; Woods et al., 2019). It is furthermore important to conduct more research on 

mHealth adherence technologies to allay some of these concerns, especially from patients’ personal 

perspectives. Health literacy is understood as “the ability of an individual to obtain and translate 

knowledge and information in order to maintain and improve health in a way that is appropriate to the 

individual and system contexts” (Liu et al, 2020, p.1). Therefore, health literacy can close the 

knowledge gaps that currently exist related to TB transmission, treatment, and prevention (Matakanye 

et al., 2021). When patients have a better understanding of the TB disease, their personal perspectives 

will be influenced by this information to less engage in risky behaviours. Meaning, they will utilise 

health services, seek diagnosis, and adhere to TB treatment. 

2.5 THE RESEARCH GAPS 

To achieve the End TB Strategy targets set for 2030 and 2035, it is important to prevent new TB 

infections and progression towards TB disease to reduce the burden of ill health and global mortality. 

TB treatment outcomes are improved with the use of adherence interventions such as patient education 

and counselling, incentives and enablers, psychological interventions, reminders and tracers, and 

digital health technologies (Alipanah et al., 2018). According to Lee et al. (2020), digital adherence 

technologies endorsed by the WHO as potentially important in supporting medication adherence have 

been increasingly implemented programmatically for TB. However, their application in TB research 

has been limited. Digital adherence technology interventions improve patient clinical outcomes as part 

of TB treatment adherence (Ngwatu et al., 2018), partially due to their communication component, 

which is responsible for detecting non-adherence events (SMS reminders). 

Although several studies (Checchi et al., 2014; Demonceau et al., 2013; Evans et al., 2016; 

Haberer et al., 2016; Haberer et al., 2017; Pop-Eleches et al., 2011; Sabin et al., 2015; Vervloet et al., 

2014) using mHealth technology have shown adherence efficacy, fewer studies, specifically as regards 

HIV research (Alipanah et al., 2018; de Bruin et al., 2017; Free et al., 2013; Linn et al., 2011; Liu et 

al., 2017) have evaluated whether these changes in adherence translate into better clinical outcomes 

such as improved viral suppression in patients with HIV. Limited studies with adequate sample sizes 

have reported on the accuracy and effectiveness of improving treatment outcomes and the usability of 

medication adherence systems (Aldeer et al., 2018; Subbaraman et al., 2018; Tomlinson et al., 2013). 

Although evidence remains minimal and generalisability limited, some of the studies reviewed 

suggested that the technologies that were utilised may be at least as effective as the standard of 

traditional care (Bionghi et al., 2018; Broomhead & Mars, 2012; Garfein et al., 2015; Ngwatu et al., 

2018; Sinkou et al., 2017). 
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A systematic review conducted by Ngwatu et al. (2018) found evidence supporting the use of 

adherence technologies to limit TB. This finding is similar to HIV research conducted in relation to 

using mHealth technology. The authors suggest that more robust evidence is necessary for 

understanding how these technologies could impact patients and health care systems (Ngwatu et al., 

2018). Subbaraman et al. (2018) support the previous authors, by positing that more research is 

essential to understand the impact of adherence technologies on patients and the health systems. 

Research is required to inform approaches to differentiated care, because little is known about the 

accuracy of adherence technologies in measuring adherence in patients with TB, especially with regard 

to larger-scale implementation in LMICs. Therefore, more robust data is required on adherence 

technologies to determine whether they have a positive impact on health outcomes, especially in high-

TB burden LMICs (Subbaraman et al., 2018). 

Limitations in the direct observed therapy strategy created a window of opportunity for 

additional supportive interventions aimed at increasing recognition of the successes in TB treatment. 

Alipanah et al. (2018) support the use of multiple interventions and future research to identify 

interventions that are most likely to improve adherence and outcomes, especially in resource-limited 

settings. As such, there is no “perfect” digital adherence technology that works optimally in every 

setting, especially high-income countries as compared to LMICs, or even for every patient in a single 

setting (Subbaraman et al., 2018). There is a need for researchers to suggest simpler, non-disruptive, 

accurate, and affordable methods, or a combination of methods, to monitor TB treatment adherence 

because many of the existing tools are not affordable in low-resource settings (Valencia et al., 2017). 

It is important that research in adherence technologies focus on patient reminders and 

interactive approaches. For example, to look more creatively at how SMS can influence adherence 

behaviour other than by reminding patients to take their pills, by for example channelling cash transfers 

when milestones are achieved and combining SMS reminders with other digital solutions (Wald et al., 

2015). In addition, Cele and Archary (2019) argue that mHealth studies that are based on an SMS 

reminder, which is sent as a daily or weekly reminder, need to determine the optimal frequency of 

these messages to support adherence. 

Further research is necessary to generate more evidence-based knowledge of digital adherence use 

(mHealth) and adherence over time, specifically within the South African context, which is typified 

by a high-TB burden. Continuous data collection is preferred because this allows for the detection in 

changes in patterns over time, which may help to understand different stages in adherence to treatment 

(rather than a dichotomy prevailing) (Valencia et al., 2017). Digital adherence measures need to be 

acceptable by the patients and their social context, discreet and not disruptive of the patients’ normal 

behaviour. Understanding user experiences is of key importance to resolve acceptability and 
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identifying programme-specific issues relating to the use of the technology over the short- and long 

term. In the end, it is essential continuously to monitor and evaluate patient-specific reasons for TB 

treatment non-adherence, with a focus on evaluating the knowledge deficits and their perceptions 

concerning TB disease. This information will assist with finding appropriate solutions to the low TB 

treatment success rate (Adisa et al., 2021). 

Limited funding for public health and sustainable mHealth interventions is a major problem, 

especially in resource-limited countries with competing priorities (Kruk et al., 2017). Therefore, 

identifying interventions or support mechanisms that are most likely to improve adherence and 

outcomes, particularly in resource-limited settings, is crucial (Alipanah et al., 2018). After all, mHealth 

strategies are in line with the Fourth Industrial Revolution, as technology has become the focus (Cele 

& Archary, 2019) and advances in mobile technologies and applications are driving the transformation 

in health services delivery globally (Osei et al., 2021). 

The highlighted gaps underscore the necessity for continuous monitoring and evaluation of 

patient-specific reasons for TB treatment non-adherence. Furthermore, evaluating the knowledge 

deficits of patients about TB, and their perceptions of the disease will also be essential in finding 

appropriate solutions to the low TB treatment success rate (Adisa et al., 2021) and help to develop new 

strategies to overcome the barriers and promote positive TB outcomes. 

2.6 CONCLUSION 

In this chapter, the burden of TB was reviewed in relation to the epidemic status, End TB Strategy, 

and the impact of the Covid-19 pandemic. Several barriers to medication adherence, the landscape of 

digital adherence technology and methods for measuring TB adherence were discussed. The value of 

mHealth adherence technologies and research gaps comprised the final part of this chapter. The 

theoretical framework of the present study is discussed comprehensively in the chapter that follows. 
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CHAPTER 3: THEORETICAL FRAMEWORK 

This chapter gives an overview of five prominent health behaviour theories used to understand patient 

health behaviours in relation to promoting medication adherence. Thereafter, the health belief model, 

derived from the SCT, which informed the current research process and is used in the interpretation of 

the research findings, is dealt with. 

3.1 HEALTH BEHAVIOUR THEORIES EMPLOYED TO PROMOTE MEDICATION 

ADHERENCE 

Adherence to a medical regimen is a complex behavioural issue, especially relevant for long-term 

treatment in an outpatient setting where individual and environmental factors influence behaviour. 

Behavioural theories are thus needed to understand and conceptualise behaviour and behaviour change. 

Theories can also assist in the development of clear behaviour change interventions designed to 

improve medication adherence, and therefore, increasing transferability (Okuboyejo et al., 2018). 

While numerous theories are used in promoting adherence on various health behaviours, this section 

focuses briefly on describing some theories related to long-term adherence to TB treatment. The 

researcher will address the following five main theoretical perspectives, namely: (1) 

biomedical/biopsychosocial model; (2) behavioural; (3) communication; (4) self-regulation, and the 

(5) cognitive. The health belief model is a cognitive behavioural framework used to understand TB 

patient behaviour in the context of this study and it is derived from the SCT. 

3.1.1 Biomedical/Biopsychosocial Perspective 

According to this perspective, disease or health is related to biomedical causes and treatment is focused 

on the patient’s physical health components. Patients are assumed to be passive recipients of the health 

provider’s instructions (Ross & Deverell, 2004). This mechanistic view of illness requires mechanical 

solutions, such as prescribing pills to treat patients. In relation to medication non-adherence, this 

perspective does not ascribe it to the behaviour of the individual but it is understood to be caused by 

the patient’s biological or genetic characteristics or their demographics such as age and gender 

(Blackwell, 1992). The limitation of this perspective is that it focuses on the biology alone and ignores 

other human factors that may have an impact on health behaviour, such as psychosocial influences, the 

impact of the soceconomic environment and the patient’s perceptions of their own illness (Blackwell, 

1992; WHO, 2003). Various theories have been developed in reaction to the biomedical theory to 

include the human element in health behaviour. 

The biopsychosocial model, for example, recognises that social and psychological factors play 

a role in developing illnesses (Babalola et al., 2017; Karunamuni et al., 2020; Kusnanto et al., 2018; 
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Taukeni, 2019; Vinson et al., 2015). According to Engel (1977), as illustrated in Figure 7 (next page), 

this model illustrates the interaction of biological, psychological, and social factors in determining the 

health outcome.  

The biopsychosocial model enables the ease with which health professionals better understand 

their patients’ subjective view of their illness and suffering (Borrell-Carrió et al., 2004; Kusnanto et 

al., 2018). This model also allows for a more holistic approach to treatment. Critics of this model 

(Babalola et al., 2017; Gatchel & Oordt, 2012; Karunamuni et al., 2020; Kusnanto et al., 2018; Suls & 

Rothman, 2004) argue that adopting the biopsychosocial model for every single patient is a demanding 

task, that it is considered a luxury that many healthcare systems in resource-poor settings cannot afford, 

and that establishing a cause–effect relationship between biological, psychological, and social factors 

to influence the occurrence of the illness remains a complex undertaking. In the context of TB 

treatment, a study conducted by Vinson and colleagues (2015) on the biopsychosocial factors affecting 

the treatment outcomes of pulmonary tuberculosis among patients enrolled in TB DOTS clinics in the 

Philippines concluded the following: 1) psychosocial factors influence the success of the biomedical 

treatment of pulmonary tuberculosis; and 2) the odds ratios of pulmonary TB (PTB) treatment failure 

is significantly increased when the patient comes from a dysfunctional family. Therefore, the study 

recommends identifying and addressing the family psychosocial factors of treated TB patients to help 

achieve treatment success (Vinson et al., 2015). 
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Figure 7: 

The Biopsychosocial Model 

 

Source: The image was adapted from the paper entitled The need for a new medical model: A challenge for biomedicine, 

by Engel, 1977, (https://www.science.org/doi/10.1126/science.847460). 

 

3.1.2 Behavioural (Learning) Perspective 

The behavioural learning perspective is defined by principles of antecedents (internal thoughts or 

external environmental cues) and consequences (punishment or rewards) and their influence on 

behaviour (Skinner, 1974). The focus is on the environment and teaching skills to manage adherence; 

therefore, patients are likely to follow specific behaviours depending on these principles. Patient 

reminder strategies informed by this perspective have been found to improve adherence. However, 

further evidence is required to determine the effectiveness of strategies of this type (Munro et al., 2007; 

WHO, 2003). Patient reminders in this study were used as external cues for behaviour. If the patient 

did not open the box at a specified time, they would receive a reminder that would reinforce the action 

of opening the pill box and taking their medication. Essentially, the study measured the influence of 

mHealth feedback reminders on TB patients’ medication adherence. The behavioural perspective does 

not consider fewer conscious influences on behaviour that are not linked to immediate rewards, such 
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as habits, lack of acceptance of a diagnosis, and past behaviour (Blackwell, 1992), and is mainly 

limited to external influences on behaviour (Munro et al., 2007). 

3.1.3 Communication Perspective 

Communication is the cornerstone of every patient–healthcare provider relationship; hence, improving 

this relationship may enhance adherence (Ross & Deverell, 2004; WHO, 2003). Medication adherence 

can be achieved through good healthcare provider communication skills and patient education (clear 

instructions on the timing of taking medication). Interventions designed to improve communication 

between the patient and the healthcare provider have shown improvements in patient satisfaction, with 

positive care and health outcomes (Ames et al., 1996; Munro et al., 2007). Du et al. (2020) explored 

the predictive role of treatment adherence, doctor–patient trust and communication in treatment effects 

between urban and rural TB patients. In their study, these researchers found that the urban patients 

reported better treatment effect compared to rural patients. The applied structural equation modelling 

found that the urban patients’ treatment effect was only influenced by treatment adherence while the 

rural patients’ treatment adherence was influenced by both treatment adherence and doctor–patient 

trust, which directly and positively predicted their treatment effects. In this case, doctor–patient 

communication positively influenced treatment adherence (Du et al., 2020). The use of an mHealth 

technology device is designed to enable the patients to set the timing for medication intake. In addition, 

whenever the device is not opened each day, a reminder SMS communication is sent to both the patient 

and the healthcare provider. Monitoring and evaluation are both important in improving adherence. 

This perspective, according to Blackwell (1992), is critiqued for ignoring attitudinal, 

motivational, and interpersonal factors that may affect both the reception and translation of knowledge 

into behaviour. In addition, the perspective is restricted to the patient health provider interactions and 

ignores any social or financial support that may be required (Munro et al., 2007). In addition, cultural 

language factors are prominent in aspiring to sound communication. 

3.1.4 Self-regulation Perspective 

The self-regulation perspective is focused on individuals’ subjective experience of health threats to 

understand the way they adapt to these threats (Munro et al., 2007). This perspective serves as a 

guideline to further understand patients’ use of coping strategies to manage health threats that 

subsequently result in associated outcomes. In this case, people are viewed as active, self-regulating 

problem solvers, whose selection of coping strategies are informed by their personality, and social, 

and cultural context (Benyamini et al., 2004; Rachman, 1980). The overall benefit of interventions 

targeting self-regulatory mechanisms is not well-understood. Additional research is necessary to 
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advance the understanding of the efficacy of adherence interventions focused on self-regulation 

(Wilson et al., 2020). The use of an mHealth device supports patients’ adherence management and 

their self-regulation to achieve the desired goal of completing TB treatment (Bosworth et al., 2018). 

3.1.5 Cognitive Perspective 

The cognitive perspective shares the assumption that attitudes, beliefs, expectations, and outcomes of 

future events are major determinants of health-related behaviour. This means, people choose actions 

that will lead mostly to positive outcomes (LaMorte, 2022; WHO, 2003). In this context, the researcher 

assumes that TB patients will choose to complete their treatment, as prescribed, to be cured. The 

highlighted weakness of this perspective, in relation to medication adherence, is that it does not 

adequately address behavioural skills required to ensure adherence. In addition, Munro et al. (2007) 

argues that other factors which may influence adherence behaviour (power relationships, social 

reputation and the possibility that risk behaviour may involve more than one person) are ignored. 

The five main theoretical perspectives discussed are relevant to this research study because, 

first, TB disease is related to the biomedical causes, and treatment of TB involves the patient 

physically. Second, the patient’s thoughts and understanding of the consequences of taking TB 

medication can influence whether they will be adherent or not. Third, patient–healthcare practitioner 

relationship and communication about the importance of taking TB treatment is central to improving 

medication adherence. Fourth, the patient’s individual experiences, health threats and coping strategies 

are important to understand because they affect the associated TB outcomes we observe at the end of 

treatment. Last, the patient’s health-related behaviour is assumed to be determined by attitudes, beliefs, 

expectations, and outcomes of future events. Aspects of all five theories can be integrated into the one 

health belief model to provide a holistic understanding of utilising an mHealth tool (wisepill device) 

to study the effect of the device’s feedback reminders on TB patients’ medication adherence. 

The social cognitive theory is used as the main theoretical framework to guide this research 

and ultimately to explore and describe adherence behaviour. From the perspective of SCT, the study 

focused on the health belief model (HBM) to understand the phenomenon of adherence. 

3.2 SOCIAL COGNITIVE THEORY 

Developed by Albert Bandura, social cognitive theory suggests that human behaviour is a dynamic, 

reciprocal, and continuous interaction between the individual and the environment (Bandura, 1988). 

According to this theory, behaviour is learnt through interaction between internal factors such as 

thinking and symbolic processing (attention, memory, motivation) and external determinants (rewards 

and punishments) (Mimiaga et al., 2009). Therefore, health behaviour engagement is interactively 
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determined by personal characteristics, social interactions, and behavioural factors (Bandura, 2004). 

Core features of human behaviour include not only internal behavioural dispositions (cognition, affect 

or motivation), but also several environmental influences (social factors, physical factors, and health 

system-related factors) (Bandura, 2001). 

The aim of social cognitive theory is to explain how individuals regulate their behaviour to 

achieve and maintain their goals over time. There are four processes of goal realisation, namely self-

observation (observing of self to assess progress toward goal attainment and motivation towards 

behavioural changes), self-evaluation (comparing current performance with desired goal), self-reaction 

(individuals re-evaluation of goals in conjunction with their attainments) and self-efficacy (belief in 

the chances of goal achievement) (Bandura, 1989; van der Bijl & Shortridge-Baggett, 2002; Schunk, 

2013). According to Redmond (2010), these mechanisms are not only interrelated, but they each have 

an influence on motivation and goal attainment. The constructs of the SCT are widely utilised and 

accepted (Bandura, 1998). Therefore, the SCT is very useful for studies focused on behaviour change 

in health promotion research (Islam et al., 2023). 

Health promotion interventions that lack a thorough theoretical grounding and only focus on 

individual behavioural change contribute to the ineffectiveness of treatment outcomes (Stokols, 1996). 

On the basis of this theory, the study employed the HBM to determine the influence of mHealth 

feedback reminders on TB patients’ medication adherence, and to understand, through end-user 

experiences, the barriers to adoption and sustainability of an mHealth tool. Jeihooni et al. (2016) argued 

that the SCT, together with the HBM, are effective models for health education and promotion. Both 

models are related to the pragmatism paradigm (see Chapter 4), because they demonstrate the 

complexity involved in medication adherence that requires practical solutions. 

3.2.1 Health Belief Model 

The health belief model was initially developed in the 1950s and was used in public health services by 

Hochbaum (1958), and Rosenstock (1960; 1974), to explain why people were failing to participate in 

programmes designed to prevent and detect disease. Later, the model was used to study people’s 

responses to symptoms (Kirscht, 1974) and their behaviours because of being diagnosed with an 

illness, specifically adherence to medication regimens (Becker, 1974). 

Essentially, the model explains that people will practise a particular health behaviour if they 

perceive a personal health threat and, second, whether they believe that engaging in certain behaviours 

or taking certain action will be effective for reducing that threat. In addition, the model consists of 

several primary concepts that predict why people will act to prevent, screen for, or control illness 

conditions. These concepts include susceptibility, seriousness, benefits and barriers to behaviour, cues 
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to action, and self-efficacy (Glanz et al., 2008). The study employed the health belief model to 

determine the influence of mHealth feedback reminders on TB patients’ medication adherence, and 

also to gain an understanding, through investigating end-user experiences, the barriers to adoption and 

sustainability of an mHealth tool. A discussion of each construct is detailed below, followed by a 

summary captured in Table 2 to illustrate concepts and definitions of the health belief model. A 

summarised illustration of how these concepts fit together is presented later in the chapter (see Figure 

8). 

3.2.1.1 Perceived Susceptibility 

Perceived susceptibility is a person’s belief about how vulnerable they perceive themselves to be in 

relation to a particular health condition. It is further argued that when a person believes that they are 

at risk of a disease, illness, or negative health outcome; they are likely to do something to prevent it 

from happening. The opposite is true. When a person perceives low risk of getting a disease or 

condition, they tend to adopt behaviours that are less healthy (Arindari & Suswitha, 2020; Glanz et al., 

2008). 

3.2.1.2 Perceived Severity 

Perceived severity is a person’s feeling about the seriousness of contracting an illness or of leaving the 

illness untreated. Examples of severities include, but are not limited to, the inability to work, enduring 

the long-lasting effect of the disease, and becoming a burden to their family (Glanz et al., 2008). When 

perceptions of severity are heightened, people are more likely to act (Washburn, 2020). Personal 

susceptibility to a serious health condition results in perceived threat (Glanz et al., 2008) and 

willingness to respond to stay healthy. 

3.2.1.3 Perceived Benefits 

Perceived benefits refer to the person’s opinion of the value or usefulness of available actions (new 

behaviour) in lowering the risk of disease. The belief that certain actions will lead to beneficial results 

makes people more likely to act. Change in behaviour alone, however, is not enough to cause change, 

even when people believe they are susceptible to the disease. In short, perceived barriers may outweigh 

perceived benefits (Glanz et al., 2008; Washburn, 2020). 

3.2.1.4 Perceived Barriers 

Perceived barriers refer to negative aspects of a particular health action, obstacles that stand in the way 

of behavioural change (Glanz et al., 2008). Barriers are regarded as both tangible (lack of financial 

resources and lack of transportation) and intangible (psychological such as fear, stigma, and 
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embarrassment). It is important to note that, if barriers are stronger than benefits, change will not occur. 

Hence, it is recommended in these instances that people be offered help to find ways to overcome 

barriers (Washburn, 2020). 

3.2.1.5 Cues to Action 

Cues to action are events, people, or things that trigger people to change behaviour (Washburn, 2020). 

For example, in the case where a patient is supposed to attend monthly scheduled visits at the clinic, 

cues such as calendar reminders can initiate an action (to attend their clinic on that scheduled date) 

(Glanz et al., 2008). 

3.2.1.6 Self-efficacy 

Self-efficacy is defined as “the conviction that one can successfully execute the behaviour required to 

produce the outcome” (Bandura & Walters, 1977, p. 193), as described earlier in this chapter. In 

essence, self-efficacy is the person’s subjective judgement on whether they are capable of 

implementing certain actions to reach a particular outcome, for example, confidence in their abilities. 

High levels of self-efficacy are thus linked to a stronger commitment to change a behaviour or follow 

a treatment plan (Mobini et al., 2023). 

Table 2:  

Key Concepts and Definitions of the Health Belief Model 

Outcome Definition Application 

Perceived susceptibility Belief about the chances of 

experiencing a risk or contracting a 

condition or disease 

• Define population(s) at risk, risk levels 

• Personalise risk based on a person’s characteristics or 

behaviour 

• Make perceived susceptibility more consistent with 

individual’s actual risk 

Perceived severity Belief about how serious a condition 

and its sequelae are 

• Specify consequences of risks and conditions 

Perceived benefits  Belief in efficacy of the advised action 

to reduce risk or seriousness of impact 

• Define action to take: how, where, when; clarify the 

positive effects to be expected 

Perceived barriers Belief about the tangible and 

psychological costs of the advised 

action 

• Identify and reduce perceived barriers through 

reassurance, correction of misinformation, incentives, 

assistance 

Cues to action Strategies to activate “readiness” • Provide how to information, promote awareness, use 

appropriate reminder systems 

Self-efficacy Confidence in ability to act • Provide training and guidance in performing 

recommended action 

• Use progressive goal-setting 

• Give verbal reinforcement 

• Demonstrate desired behaviours 

• Reduce anxiety 

Source: Glanz et al. (2008). 
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3.3 APPLICATION OF THE HEALTH BELIEF MODEL IN THE CONTEXT OF 

MEDICATION ADHERENCE 

Medication adherence is a very personal experience influenced by many simultaneously interacting 

factors. Boukhechba et al. (2018) argue that a deeper contextual understanding is required in the 

development of interventions targeting non-adherence. It is also imperative to improve health self-

management of patients with TB, because of the potential benefit of reducing drug resistance, 

improving the cure rate, and controlling the prevalence. Thus, mHealth interventions based on 

behavioural science theories may prove promising in the effort to achieve this goal (Bao et al., 2022). 

In this case, application of the HBM as a guiding framework for health behaviour intervention will 

help understand TB patients’ medication adherence. 

3.3.1 Perceived Susceptibility 

There is a wide variation in people’s feelings of personal vulnerability to an illness or disease 

(LaMorte, 2022). If patients believe that their chances of developing complications (drug resistance) 

from TB disease when not following their treatment, together with the notion that they may infect other 

people with TB, they may be more likely to take their medication. Studies conducted on HBM (Kamran 

et al., 2014; Wei et al., 2017; Venkatachalam et al., 2015) indicated that patients who perceived 

themselves to be more vulnerable demonstrated better adherence to medication. Furthermore, 

perceived susceptibility influences behavioural attitudes, which influence behavioural intentions (Pan 

et al., 2023). 

3.3.2 Perceived Severity 

There is a wide variation in the feelings of people regarding severity, and therefore they frequently 

consider the medical consequences (death, disability), and social consequences (family life, social 

relationships) when evaluating severity (LaMorte, 2022). TB patients, if they perceive that the 

consequences of leaving the disease untreated will potentially result in death, inability to go to work, 

becoming a burden to the family and suffering social isolation, might adhere to their treatment. 

According to Kamran et al. (2013), Ramli et al. (2012), and Venkatachalam et al. (2015), patients with 

hypertension who perceive a very high level of severity showed good adherence to medication. A study 

conducted by González-Castro et al. (2021) on perceived vulnerability and severity predicting 

adherence to COVID-19 protection measures found that individuals’ perceived severity and 

vulnerability to COVID-19 was related to the use of more protective behaviours. It is important to note 

that the combination of susceptibility and severity has been labelled as perceived threat (Glanz et al., 

2008). 
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3.3.3 Perceived Benefits 

Patients are likely to accept the recommended health action if it is perceived as beneficial (LaMorte, 

2022). According to Chauke et al. (2022), and Kasahun et al. (2022), patients’ predetermined ideas 

and beliefs about medication and disease are powerful factors in following treatment regimens. For 

example, if TB patients believe that completing the treatment will cure their illness, they will be more 

motivated to take all their prescribed medication. Studies conducted with patients who perceived the 

treatment, medication-taking, for example, to be beneficial generally demonstrated better adherence 

(Joho, 2012; Kamran et al., 2013; Wei et al., 2017; Venkatachalam et al., 2015). In addition, the study 

by Pan et al. (2023) of factors influencing medication adherence in elderly patients with hypertension, 

found that perceived benefits had a direct positive effect on behavioural intentions and 

antihypertensive medication adherence behaviour. 

3.3.4 Perceived Barriers 

Perceived barriers to medication adherence among hypertensive patients, according to Washburn 

(2020), originates in the patient’s pessimism about matters, which could potentially interrupt their 

medication-taking routine. For example, issues such as lack of efficacy, costs, forgetfulness, 

medication side effects, depression, that it is time-consuming, inconvenient, and is a complicated 

regimen when taking different drugs, can be barriers to adherence (LaMorte, 2022; Washburn, 2020; 

Woode et al., 2022). Conversely, perceived barriers can diminish individuals’ recognition of the 

effectiveness and importance of medication therapy. This creates doubts and resistance to medication 

adherence (Sadeghi et al., 2022). There are wide variations in patients’ perception of barriers, or 

impediments, which causes them to do a cost and/or benefit analysis (LaMorte, 2022). According to 

Venkatachalam et al., (2015), patients who perceive a strong barrier tend to exhibit significantly poor 

medication adherence. Moreover, Kamran et al. (2013) showed in their study that perceived barriers 

were the strongest factor in predicting medication non-adherence. In addition, Courtwright and Turner 

(2010), in their systematic review on the impact of TB stigma on TB diagnosis and treatment, found 

that TB stigma was perceived to increase TB diagnostic delay and treatment noncompliance, although 

attempts to quantify its impact produced mixed results. 

3.3.5 Cues to Action 

LaMorte (2022) defined cues to action as the stimulus necessary for triggering the decision-making 

process to accept a recommended health action. The relevant cues can be internal (chest pains, 

wheezing), or external (advice from others, reminders). Medication-taking is a behaviour that occurs 

in the context of other behaviours that can serve as a cue for action to initiate the behaviour of interest 
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(Bandura, 1986). For example, when a patient has a routine or schedule for taking medication, they 

are more likely to be adherent, even when the timing of medication intake happens during other 

behaviours (at work, when eating or travelling) (Bandura, 1986; Grunfeld et al., 2005; Wells et al., 

2016). Furthermore, contextual cues play an important role in supporting medication adherence, as 

they aid both prospective memory and habit formation; as a result, medication-taking becomes a part 

of a daily routine (Stawarz et al., 2016). The wisepill device technology used in this study to support 

medication intake creates a schedule for the patient as the medication intake times (preferred by 

patients) are set beforehand. In addition, feedback reminders from the wisepill device are a conditioned 

process designed to influence TB patients’ medication adherence. Reminders are helpful, especially in 

situations where patients experience several events at the same time or forget to take their medication 

multiple times (Boukhechba et al., 2018). 

3.3.6 Self-efficacy 

Self-efficacy is a construct in many behavioural theories that relates directly to whether a person 

performs the desired behaviour (LaMorte, 2022). A study conducted by Kara (2022) on general self-

efficacy and hypertension treatment adherence in Algerian private clinical settings reported on a higher 

level of self-efficacy which was found to have a positive correlation with a higher level of treatment 

adherence. These findings illustrate that it is possible to increase the medication adherence of 

hypertension patients by enhancing their level of self-efficacy (Kara, 2022). In the context of TB 

patients, for example, if they believe that they can learn new behaviours (taking medication in the 

morning), they are more likely to succeed in doing so, even when faced with obstacles (Bandura, 2004). 

Furthermore, individuals who have self-belief and exercise control over their thoughts, feelings, and 

actions are likely to experience fewer health risks and to follow healthier lifestyles or make healthier 

choices (Clark & Dodge, 1999). 

Other variables have been identified by Glanz et al. (2008) that indirectly influence health-

related behaviour. These variables include diverse demographic, socio-psychological, and structural 

variables. For example, sociodemographic factors, particularly educational attainment, are believed to 

have an indirect effect on behaviour by influencing the perception of susceptibility, severity, benefits, 

and barriers (Glanz et al., 2008). Figure 8a (Glanz et al., 2008, p.49) illustrates how the concepts 

depicted in the HBM are linked in the context of this study. 
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Figure 8a: 

Health Belief Model Concepts and Links 

 

Source: Adapted from Health behaviour and health education: Theory, research and practice (4th ed., p.49), by K. Glanz 

et al, 2008, Wiley 

3.4 LIMITATIONS OF USING THE HEALTH BELIEF MODEL 

The health belief model has been used for over half a century to predict health-related behaviours and 

to frame interventions to change behaviours (Glanz et al., 2008). However, several limitations prevail 

when considering the model as a theory to predict health-related behaviours. These are limitations of 

the model’s utility in public health. LaMorte (2022) listed the following limitations of the model, as 

captured in the bulleted list below: 

• The model does not account for a person’s attitudes, beliefs, or other individual determinants 

that dictate their acceptance of a healthy behaviour (LaMorte, 2022). 

• The model does not consider behaviours that are habitual and may thus inform the decision-

making process to accept a recommended action (smoking) (LaMorte, 2022). 

• The model does not consider behaviours that are performed for non-health-related reasons, 

such as social acceptability (LaMorte, 2022). 

• The model does not account for environmental or economic factors that may prohibit or 

promote the recommended action (LaMorte, 2022). 
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• The model assumes that everyone has access to equal amounts of information on illness or 

disease (LaMorte, 2022). 

• The model assumes that cues to action are widely prevalent in encouraging people to act, and 

that “health” actions are the main goal in the decision-making process (LaMorte, 2022). 

In addition, the researcher also highlighted limitations pertaining to the model in relation to the current 

study, which will be discussed. 

3.4.1 Limitations of the Health Belief Model in the Context of the Study 

Perceived susceptibility, severity, benefits, and barriers are some of the cognitive constructs that the 

HBM focus on to predict health behaviour (i.e. why people take actions to control their illnesses). The 

model does not, however, capture the emotional and social aspects that affect health behaviours. In the 

context of TB, socioeconomic related factors have been identified as key drivers that influence non-

adherence behaviour. In essence, individuals do not make rational decisions based on weighing the 

advantages and disadvantages of health, but their health behaviours are also indirectly affected by the 

social and cultural factors on health beliefs. 

The HBM makes assumptions that everyone has equal access to information regarding illness and 

disease – in reality, that is not the case. In the context of TB, there is still a lack of understanding 

among people about TB and this contributes to their false perceptions that TB is incurable and is highly 

contagious throughout treatment. In addition, people who are mostly affected by TB, who are socially 

disadvantaged (i.e., poor, socially marginalised population, among others) cannot benefit equally from 

HBM intervention. Furthermore, this disadvantaged group of individuals are also subjected to being 

stigmatised and discriminated against because they are viewed as a public health threat. This, in turn, 

may contribute to them not seeking healthcare services. 

The HBM overemphasises individual responsibility for health and neglects other broader 

environmental and structural factors that influence health behaviours. In the context of TB, the disease 

has been linked with environmental risk factors that go hand-in-hand with poverty. This includes 

indoor air pollution, tobacco smoke, malnutrition, overcrowded living conditions, and excessive 

alcohol use (Schmidt, 2008). It is therefore important for the model to exercise flexibility that will 

account for changes in beliefs, attitudes, and behaviours over time in response to interventions. Now 

scientists are presenting convincing evidence to back these associations, leading some TB experts to 

argue that control programmes must confront underlying risk factors to limit the spread of the disease 

(Schmidt, 2008). 



Tebogo Brenda Sole-Moloto   PhD (Psychology) 

 54 

3.4.2 Key Lessons from the Health Belief Model 

The health belief model is descriptive rather than explanatory and does not suggest a strategy for 

changing health-related actions. Individual constructs from the model are useful, although this depends 

on the health outcome of interest. Perceived susceptibility, benefits, and barriers have consistently been 

associated with the desired health behaviour. To maximise the effective use of the model, it should be 

integrated with other models that account for the environmental context and suggest strategies for 

change (LaMorte, 2022).  

In light of the limitations from the health belief model, this study also used the social ecological model 

as it recognises that individuals are embedded within larger social systems that describes interactive 

characteristics of individuals and environments that underlie health outcomes (Sallis et al., 2008; 

Stokols, 1992). The socio ecological approach can be applied to the field of health because it addresses 

behaviors at multiple levels and is most effective in supporting behavior change. 

3.4.3 Incorporating the Social Ecological Theory 

Stokols (1992, 1996) argues that the social, physical, and cultural aspects of an environment have a 

collective effect on health. Therefore, creating sustainable health improvements targeting all of these 

factors (Sallis et al., 2008).  

According to Bronfenbrenner (1995), behaviour takes place in a dynamic social context where the 

individual and social context are in constant interaction. Although Bronfenbrenner’s theory was 

developed as a developmental theory focusing on children, this study will use it in the health context. 

In his Ecological Systems Theory, he identifies four ecological systems: the microsystem, the 

mesosystem, exosystem, and the macrosystem (Bronfenbrenner, 1979).  The immediate environment 

or components of the person’s behaviour (i.e., knowledge, attitudes, beliefs, and skills) is the 

microsystem. The relationship formed between two or more settings (i.e., person, health and treatment 

context) is the mesosystem. The exosystem is characterised by an environment in which the individual 

is not directly involved, but that impacts him/her anyway (i.e., external influences of friends, family, 

organisations, and community). The final ecological system is that of the macrosystem which consists 

of larger societal structures and values (i.e., social, cultural, political, religious) that does not only 

impact the life of an individual, but rather society as a whole. Bronfenbrenner in 1986 proposed an 

additional system called the chronosystem. This system examines the influence of environmental 

changes on an individual’s development over time (i.e., marriage, death, divorce, chronic illness).  

The social ecological model was applied to understand medication adherence in the TB context (Figure 

8b). On an individual level (i.e. microsystem), multiple factors significantly affect TB treatment 
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adherence, such as lack of understanding of the disease, treatment related factors (i.e. side effects), 

socio-economic factors (i.e., unemployment, transport costs, and food insecurity), forgetfulness and 

negative attitudes - TB control efforts and adherenece can be enhanced through targeted education, 

support and improved communication (Matakanye & Tshitangano, 2024). The health system (i.e. 

mesosystem) for example include issues with clinic hours, long waiting times, and medicine 

availability. In addition, negative staff attitudes and a lack of DOTS supporters also hindered patient 

adherence (Matakanye & Tshitangano, 2024). The community level (i.e., exosystem) is characterised 

by the social and cultural context that has a significant influence on treatment adherence for TB 

patients. These levels encompass factors such as stigma, discrimination, and the impact of cultural, 

religious, and traditional beliefs on patients’ willingness to adhere to TB treatment. On thepolicy level 

(i.e., macrosystem), policymakers need to address health system challenges to enhance adherence and 

reduce TB transmission rates (Matakanye & Tshitangano, 2024). Environmental level (i.e., 

chronosystem) factor such as having a chronic illness, for example TB patients co-infected with 

diabetes or hypertension and/ HIV find it challenging and overwhelming to manage multiple 

treatments. As a result, this can lead to potential non-compliance.  

Figure 8b: 

Application of the Social Ecological Theory in the context of medication adherence 
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3.5 CONCLUSION 

A health behaviour theory-based approach to the study of medication adherence is critical as it 

promotes an understanding of patient health behaviours. The HBM helps to explain how a complex 

problem such as medication non-adherence requires feasible and workable solutions, in this case how 

an mHealth monitoring tool (as a cue to action) can support patients’ behaviour change (adherence to 

medication intake). In addressing the limitations from the HBM, the social ecological model was used 

to account for the individual behaviour which is also shaped by the social and environmental context. 

Several important health theories were also discussed to contextualise the multifaceted nature of health 

behaviour such as medication adherence. In Chapter 4, the research methodology and collection of 

quantitative and qualitative data are presented.  
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CHAPTER 4: METHODOLOGY 

In this chapter, the research methodology of the study is discussed. The chapter includes information 

about the paradigms in research, the aim, objectives, hypotheses, research design, and research 

methods of the study. The validity and reliability of the study are also summarised. The chapter 

concludes with a section dedicated to the data preparation and analysis, followed by the ethical 

principles adhered to in this study. 

The researcher commenced with the debate between quantitative and qualitative paradigms in 

research, including the epistemological and ontological viewpoints. Pragmatism is discussed as the 

paradigm of choice as it reconciles different research methods. 

4.1 QUANTITATIVE VERSUS QUALITATIVE PARADIGMS IN RESEARCH 

For several decades, social sciences traditionally used quantitative methodologies to learn more about 

the world. This methodology is concerned with investigating factors that can be observed and 

measured in some way (Antwi & Hamza, 2015; Mohajan, 2020; Jilcha Sileyew, 2020). “Quantitative 

research was generally accepted as research paradigms in educational research until the early 1980s” 

(Antwi & Hamza, 2015, p.217). According to Schwandt (2001), a paradigm is a shared world view 

that is characterised by beliefs and values in a discipline that lends guidance to the way problems are 

solved. A dominant paradigm in quantitative research is positivism. 

4.1.1 Positivism 

Positivism as a philosophical stance on science that is the oldest and most widely used paradigm, 

originated in the nineteenth century when it was founded by a French philosopher called Auguste 

Comte (Chilisa & Kawulich, 2012; Neuman, 2014). Positivism is aligned with the hypothetico-

deductive model of science, which is defined as: 

… a circular process that begins with theory from the literature to (1) build testable 

hypotheses, (2) design an experiment through operationalising variables (i.e., identifying 

variables to manipulate and measure through group assignments), and (3) conduct an 

empirical study based on experimentation. Ultimate findings from such a study are used 

to help inform theory and contribute to the literature, thereby completing the circular 

process (theory → hypothesis → operationalising variables → experimentation → theory) 

(Park et al., 2020, p. 690). 

A positivist paradigm proposes that scientific methods are the only means to establish truth, 

objective reality, and true knowledge (Chilisa & Kawulich, 2012; Comte,1974; Neuman, 2014). 
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Researchers therefore operate in a dualistic and objective world, where the researcher does not interact 

with study participants to minimise bias (Park et al., 2020). 

Ontology and Epistemology 

The positivist paradigm assumes that reality is objectively given and is measurable using 

properties that are independent of the researcher and research instruments. This means that knowledge 

is objective and quantifiable. Ontology refers to the views and/or nature of reality, what exists and how 

we view reality (Hudson & Ozanne, 1988). According to Alharahsheh and Pius (2020), ontology is 

concerned with the phenomenon in respect of the nature of its existence. Furthermore, it seeks an 

answer to or the reality of a research question using existing knowledge. Epistemology refers to how 

knowledge is created, and how it is possible to know reality (Carson et al., 2001). Furthermore, 

“epistemology is considered as an internal factor within the researcher as it is also concerned with how 

a researcher can distinguish between right and wrong, and it is about how a researcher is viewing the 

world around them” (Alharahsheh and Pius, 2020, p.40). For positivists, the methodology adopted is 

mostly experimental, with the focus on hypothesis-testing; therefore, finding the cause-and-effect 

relationship between variables. Uncovering the truth and presenting it by empirical means is of key 

relevance to this paradigm (Henning et al., 2004). 

4.1.2 Interpretivism 

One example of an anti-positivist paradigm is interpretivism. This is an approach to qualitative 

research that focuses on observation and interpretation. Information about an event is collected through 

observation while, thereafter, the information is interpreted to make meaning of it. The latter is done 

by drawing inferences or by judging the match between the information and some abstract pattern 

(Aikenhead, 1997; Alharahsheh & Pius, 2020). In essence, the idea is to attempt to understand 

phenomena through meanings that people assign to them (Deetz, 1996), and to consider differences 

such as cultures, circumstances as well as times that contribute to the development of different social 

realities (Alharahsheh & Pius, 2020). The interpretivist paradigm stresses the need to put analysis in 

context (Reeves & Hedberg, 2003). Interpretivism, according to Alharahsheh and Pius (2020): 

 … is more concerned with in-depth variables and factors related to a context, it considers 

humans as different from physical phenomena as they create further depth in meanings 

with the assumption that human beings cannot be explored in a similar way to physical 

phenomena (Alharahsheh & Pius, 2020, p. 41). 

This approach does not predefine dependent and independent variables but focuses on the full 

complexity of human sense-making as the situation emerges (Kaplan & Maxwell, 1994). 
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Ontology and Epistemology 

Interpretive researchers may adopt an intersubjective epistemology and the ontological belief 

that reality is socially constructed, which is driven by their belief that reality consists of people’s 

subjective experiences of the external world. The interest of interpretivists is not in generating a new 

theory, but to judge or evaluate and refine interpretive theories. According to Myers (2009), access to 

reality (whether given or socially constructed) is only through social constructions, such as language, 

consciousness, and shared meanings. There is no objective knowledge that is independent of human 

reasoning. Therefore, the interpretive approach explains the subjective reasons and meanings that lie 

behind social action (Gephart, 1999). The approach links with qualitative research, which is concerned, 

among others, with gaining an understanding of individuals’ social reality. 

The paradigm wars between positivists and interpretivists peaked in the early 1980s. Many 

purists among quantitative and qualitative researchers argued that their approach was superior (Guba, 

1990; Tashakkori & Teddlie, 1998). The positivists believed in the objective, law-like properties of a 

physical reality independent of observation (Donaldson, 1992; Wicks & Freeman, 1998), whereas anti-

positivists placed emphasis on the creative role of active, subjective individuals. However, none of 

these two paradigms owns a privileged claim on truth (Astley, 2019; Burrell & Morgan, 2017; 2019; 

Martin, 2019). As a result, post-positivism was established to form the pluralistic approach that 

balances both modes of research inquiry (DeLuca et al., 2008; Kock et al., 2008). The researcher is of 

the view that, in order to address real-life problems, there is a need to take a practical approach, 

meaning to draw from the strengths and principles that guide each paradigm respectively. For example, 

in the context of tuberculosis, if we are to understand the issue of non-adherence to medication which 

has detrimental health outcomes that affect the patients, the national TB programme and the global 

community at large, we will therefore need to quantify the issue of non-adherence through monitoring 

and also to obtain explanations from end-users for a holistic understanding of the phenomenon. All of 

this can be obtained by adopting the pluralistic approach. In essence, both approaches are relevant to 

help solve the problem of non-adherence to TB study medication. 

4.2 POST-POSITIVISM 

The post-positivist paradigm promotes the triangulation of qualitative and quantitative methods since 

these methods explore the diversity of facts researchable through various kinds of investigations, but 

respecting and valuing all findings as important components of knowledge (Clark, 1998; Fischer, 

1998). Post-positivism does not aim to disprove positivism, but instead places emphasis on the proper 

understanding of directions and perspectives of any research study in multiple dimensions and through 

multiple methods (Guba, 1990; Fischer, 1998). Therefore, pragmatism is a type of post-positivist 
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paradigm that offers a flexible and more reflective approach when combining both positivism and 

interpretivism in a single research project, given the nature of the research question (Feilzer, 2010; 

Morgan, 2007; Pansiri, 2005). The pragmatist epistemology stands in contrast to the two opposite 

philosophical orientations of the nature of reality, namely positivism and anti-positivism 

(interpretivism). Pragmatism fits in between the two extremes by stating that there is a “real world” 

out there, but at the same time all individuals have their own unique interpretations of that world 

(Morgan, 2007). 

Pragmatism is assumed by the researcher to reconcile the two research methods. The pragmatist 

paradigm supports the nature of the study design (mixed methods) to answer the research questions. 

4.3 PRAGMATISM 

Pragmatism originated from the work of William James (1842–1910), John Dewey (1859–1952), 

Charles Sanders Peirce (1839–1914), and Herbert Mead (1863–1931). The pragmatist researcher is 

concerned with finding what works to enable solutions to problems (Creswell, 2003; Patton, 1990), in 

other words, searching for feasible, workable solutions to complex human problems (Fishman, 1999). 

For pragmatists, the questions about the laws of nature and reality (ontology) and theory of knowledge 

(epistemology) are not important, since the central focus is on the research question or problem 

(Creswell & Plano-Clark, 2011; Guetterman & Fetters, 2018; Mackenzie & Knipe, 2006). Powell 

(2001) indicated that, for pragmatism, the mandate of science is not to find truth or reality, which are 

perpetually in dispute, but to facilitate human problem-solving (Rorty, 1989; Stich, 1990). An 

advantage of a pragmatic approach is employing an “abductive” reasoning process, which moves back 

and forth between an inductive and a deductive reasoning process (Morgan, 2007). This abduction 

process is defined as a “retroductive process, in which where the researcher spontaneously makes 

inferences from instinctive reason to find or form hypotheses or theories that might explain a surprising 

fact or an unexpected observation” (Patokorpi, 2006, p. 73). Although pragmatism is related to post-

positivist assumptions of the belief to describe an objective reality while looking from the “outside”, 

the researcher acknowledges that it is not possible to be completely objective despite its practicality 

(Wagner et al., 2012). 

Pragmatism and Mixed-methods Research 

Pragmatism is a paradigm that is often associated with mixed-methods research designs 

(Biesta, 2021; Creswell & Plano-Clark, 2011; Johnson & Onwuegbuzie, 2004; Maxcy, 2003; Morgan, 

2014; Teddlie & Tashakkori, 2003). The focus is on using the research methods that best answer the 

research question. However, the accuracy of using each research method is important (Creswell & 
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Plano-Clark, 2011). A mixed-methods approach provides a comprehensive understanding of the 

phenomena investigated, in this case health behaviour in the context of TB medication adherence. This 

is conducted by “employing participant-centred, culturally grounded set of techniques which 

methodologically integrate rigorous quantitative and qualitative approaches” (Guetterman & Fetters, 

2018, p. 218). The researcher used questionnaires and interviews to collect data for this study. 

Statistical analysis and thematic analysis were conducted to answer the study’s research questions 

(Creswell, 2003; Mackenzie & Knipe, 2006). The mixed-methods approach has been documented as 

effective for investigating complex health research conditions (Allana & Clark, 2018; Chiang et al., 

2015). Researchers operating from the pragmatist paradigm are recommended to accept external reality 

and to choose explanations that best produce the desired outcomes (Pansiri, 2005). 

4.4 JUSTIFICATION, AIM AND OBJECTIVES OF THE CURRENT RESEARCH 

The motivation behind the current research was to investigate the behavioural change component 

emanating from mHealth use (Petit & Cambon, 2016) by measuring the influence of mHealth use on 

patients’ motivation to complete treatment, given their perception of stigma and self-efficacy. 

Understanding perceptions of a chronic illness is important because it reflects the patient’s role in 

exercising personal agency to improve their health outcome (Adams, 2010; Hibbard & Greene, 2013). 

In this study’s context, the wisepill device (adherence measurement tool) was used to explain TB 

patients’ medication use. This is partially due to the device’s communication component (SMS 

reminders) (Ngwatu et al., 2018). The wisepill device indirectly reflects TB patients’ medication 

adherence behaviour and their motivation to complete treatment. Furthermore, understanding patients’ 

knowledge about TB, and their perceptions concerning the disease is also essential for finding 

appropriate solutions to the low TB treatment success rate observed in many developed and some 

developing countries (Adisa et al., 2021). Current evidence proposes the focus to be on understanding 

the connection between patients’ experience, adherence, and health outcomes (Hamine et al., 2015) as 

the applicable technologies have not yet been fully explored (Nieuwlaat, 2014; Muessig et al., 2017). 

Improving adherence thus requires an active process of behavioural change, education, 

motivation, tools, support, monitoring and evaluation (Alipanah et al., 2018; Kleinsinger, 2018; Izudi 

et al., 2019; Nieuwlaat et al., 2014). Therefore, the study seeks to generate more evidence-based 

knowledge of the value of mHealth use and adherence over time, specifically within the South African 

context. Generated evidence can be used by policymakers in defining the national standard for TB 

adherence. This could have a strong impact in public health to reduce transmission of the disease and 

inform the development of the treatment cascade, from testing to treatment completion and cure. 
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To address the gap identified in the research, the main aim of this study was to determine the 

influence of mHealth feedback reminders on TB patients’ medication adherence. The TB patients’ 

perceptions of self-efficacy and stigma were utilised to predict successful treatment outcomes to 

demonstrate medication adherence. In addition, a secondary aim intended to understand, through TB 

patients’ experiences, the barriers to adoption and sustainable use of mHealth technologies. 

4.4.1 The Study’s Objectives are Presented in Summary as Follows: 

• To measure medication adherence and feedback reminders using wisepill technology. 

• To measure medication adherence by patient self-reports and using a three-item adherence 

scale. 

• To compare scores from wisepill technology with other subjective scores (i.e., completed 

medication in each month, missed doses in each month and a three-item adherence scale). 

• To measure the predictive ability of adherence scores from wisepill technology on TB 

treatment outcomes. 

• To determine whether stigma and self-efficacy will predict adherence behaviour (i.e. TB 

medication adherence) even when reminders from wisepill technology are added. 

• To explore end-user experiences with mHealth technology. 

4.4.2 The Study’s Hypotheses are Presented as Follows. 

Hypothesis 1: On supportive feedback (reminders) from wisepill technology and adherence over 

time. 

H1: Supportive feedback (reminders) from wisepill technology will increase adherence over time. 

H0: Supportive feedback (reminders) from wisepill technology will not increase adherence over 

time. 

Hypothesis 2: Wisepill technology scores versus subjective scores. 

H1: Wisepill technology scores and other subjective scores (completed medication in each month, 

missed doses in each month and a three-item adherence scale) will differ. 

H0: Wisepill technology scores and other subjective scores (completed medication in each month, 

missed doses in each month and a three-item adherence scale) will not differ. 

Hypothesis 3: Adherence scores from wisepill technology is a predictor for TB treatment outcomes. 

H1: Adherence scores from wisepill technology will predict TB treatment outcomes. 

H0: Adherence scores from wisepill technology will not predict TB treatment outcomes. 
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Hypothesis 4: Stigma and self-efficacy as predictors of adherent behaviour. 

H1: Stigma and self-efficacy will predict adherence behaviour (TB medication adherence) even if 

reminders from wisepill technology are added. 

H0: Stigma and self-efficacy will not predict adherence behaviour (TB medication adherence) even 

if reminders from wisepill technology are added. 

 

4.5 RESEARCH DESIGN AND MODE OF INQUIRY 

4.5.1 Design 

In this study, a mixed-methods research approach was used throughout the research process to integrate 

both qualitative and quantitative methods (Creswell, 2015). Specifically, a sequential explanatory 

design was used that prioritises both methods equally. In such a design, collection, and analysis of two 

independent strands of data, the quantitative (wisepill, three-item adherence scale, psychological 

measures, and pill count), and the qualitative (end-user experiences of using an mHealth tool) occurred 

sequentially, at different points in time through a quantitative phase, followed by a qualitative phase. 

The purpose was to use the qualitative results to supplement the interpretation of the findings from the 

quantitative phase (Creswell & Creswell, 2017) (see Figure 9). 

Figure 9: 

Two Phases of Sequential Explanatory Mixed-method Data Collection Design 

 

The study used retrospective data collected on the usability of an mHealth tool to support 

medication adherence schedules in newly diagnosed TB patients. One group of patients were used that 

received the mHealth tool to support their medication adherence. Consequently, the study excluded 

the use of a comparison or control group because the idea was to understand the usability of the 

mHealth technology in supporting medication adherence among TB patients in a natural setting 

(measuring what it is designed for). Quantitative data were collected at three events, while qualitative 

data were only collected in the post-study period. Figure 10 contains a summary of the time sequence 

of data collection and assessments that were conducted (instruments used) at each event. (see section 

4.4). 
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Figure 10: 

Illustration of the Study Events and Time Sequence of Assessments 

 

 

 

 

 

 

 

 

 

 

 

 

4.5.2 Rationale for Using Mixed-methods Research 

The study explored medication adherence from a health psychology perspective. Using a mixed-

methods approach enabled the researcher to explore health behaviour from both a quantitative and a 

qualitative perspective, thereby providing a more comprehensive understanding of medication 

adherence in the context of TB. Mixed-methods research involves “a participant-centered, culturally 

grounded set of techniques that employ, together, methodologically rigorous quantitative and 

qualitative approaches in an integrated, theory driven manner” (Guetterman & Fetters, 2018. p. 218). 

Quantitative (objectivity, numbers, and generalisability) and qualitative (rich description of 

participants’ experiences) methods of data collection provide different types of information. The 

advantage of using a mixed-methods approach is that the complementary relationship between 

quantitative and qualitative data minimises the weaknesses associated with both methods when taken 

on their own. 

Quantitative findings are supplemented and enhanced by the qualitative findings (Creswell, 

2014; Creswell & Plano-Clark, 2017; Santos et al., 2017). Mixed-methods research provides more 

complementary and comprehensive evidence for studying a research problem by employing rigorous 

quantitative research (assessing magnitude and frequency of constructs) and in-depth qualitative 

research, which explores the meaning and understanding of constructs (Creswell & Plano-Clark, 2017; 

Denzin & Lincoln, 2011; Guetterman & Fetters, 2018). In relation to the current study, for example, 

the quantitative data can inform the researcher about the patients who were adherent or non-adherent 
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to TB treatment, although it cannot provide an understanding of their reasons to adhere or not to adhere 

to treatment. This was explored through a qualitative approach aiming to capture the personal 

experiences of patients regarding their TB adherence. 

The disadvantage of using mixed-methods research is that the sample may be small which, in 

turn, may affect the generalisability of findings to larger representative and/or random samples. 

Despite the advantages associated with mixed-methods research, the method is complex to carry out 

because it is resource intensive (time-consuming and expensive). In the end, findings from this study 

can nevertheless contribute to elucidating the value of an mHealth tool to support medication 

adherence schedules among TB patients. 

4.5.3 Sampling Selection Used in the Study 

The Aurum Institute previously conducted a TB clinical trial project using the same mHealth support 

device (wisepill) at several local clinics located in Ekurhuleni. Several clinics were involved in 

selecting patients for the current study. The selection of clinic facilities in the Ekurhuleni district was 

based on convenience, the availability of TB initiation patients, patient follow-up, infrastructure for 

research on TB burden, and free treatment services. The Aurum Institute collaborated with the 

researcher and assisted with the sampling process. The institute donated the mHealth devices, 

facilitated the application for district approval, and introduced the researcher to the selected six study 

sites at Ekurhuleni from which the sample was recruited. Three study sites were classified as 

community healthcare centres (CHC), while the other three were clinics. By definition, a CHC is a 

facility that normally provides primary healthcare services, 24-hour maternity, accident and emergency 

services and beds where healthcare users can be observed for a maximum of 48 hours, and normally 

has a procedure room but not an operating theatre. In contrast, a clinic facility provides a range of 

primary healthcare services and is normally open eight or more hours a day based on the need of the 

community to be served (KwaZulu-Natal Department of Health, 2001). According to the South African 

TB management guideline published in 2014, patients with TB are expected to have conversion (i.e., 

after starting treatment sputum culture becomes negative) at two months of treatment to show 

effectiveness of the TB treatment; however, Baloyi and Manyisa (2022) reported that for Ekurhuleni 

district, non-conversion at two and three months of TB treatment is still high among some patients 

attending primary healthcare facilities. Therefore, this poses a challenge in TB management control 

(Baloyi & Manyisa, 2022). Unwillingness to take treatment for six months is one of several reasons 

recognised as contributing to patients with TB non-conversion (Baloyi & Manyisa, 2022). 

This study aimed to recruit patients who were newly diagnosed with TB, initiated on standard 

TB treatment at six health facilities in the Ekurhuleni district, who were willing to use wisepill 

technology to support their medication adherence schedules. 
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4.5.4 Sampling Procedure 

The researcher employed purposeful sampling to select participants deliberately who had qualities of 

interest and were best suited to answering the research questions (Becker et al., 2012; Bernard, 2002; 

Lewis & Sheppard, 2006). Although purposive sampling is easy and convenient compared to other 

types of sampling, the limitation comes with findings not being generalisable, especially when a small 

sample is used. In addition, selection was also based on convenience determined by whether the patient 

was easily accessible to the researcher in terms of geographical location. Patients who met the selection 

criteria were initially recruited by a registered nurse at the facility, who informed them about the study 

conducted on medication adherence. The facility-registered nurse was briefed by the researcher on the 

following exclusion/inclusion criteria for recruitment of patients: 

4.5.4.1 Criteria for Inclusion in the Study 

• Adults 18 years or older who were HIV-negative (the inclusion of HIV-positive patients would 

have had cost implications for the PhD study. In addition, the nature of the study is 

psychological – hence, the focus was on measuring psychological constructs). 

• Newly diagnosed drug-sensitive (DS) TB patients (diagnosed at the clinics). 

• Diagnosis of DS-TB (pulmonary TB). 

• TB was diagnosed and multidrug-resistant (MDR) and extensively drug-resistant (XDR) TB 

was ruled out by the facility-registered nurse (the study did not directly collect this information 

but requested the facility-registered nurse to use this information as part of the selection criteria 

during recruitment). 

• Newly diagnosed DS-TB patients who were initiated on standard TB treatment at the clinics 

(based on Xpert ®MTB/RIF results and rifampicin resistance pattern for current TB episode, 

smear test results, culture test results, Chest X-ray results, if available). 

• Patients who were willing to be interviewed in-person and in English (multiple languages were 

nevertheless used to explain difficult concepts). 

• Having access to a cell phone, able to use the cell phone or have someone (friend, family 

member, etc.) who could respond on their behalf. 

• Willingness to learn to use and manage mHealth technology (study sent an SMS message to 

participants to read), and this practical demonstration was used to determine English 

proficiency (ability to communicate meaning verbally in English) and cell phone usage 

(readability of SMS). 

4.5.4.2 Exclusion Criteria of the Study 

• Patients younger than 18 years of age. 
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• HIV-positive patients. 

• Patients unable to provide informed consent. 

• Patients not initiated on DS-TB treatment. 

• Patients not going to visit one of the study facilities in the district during normal working hours. 

• Patients who have any form of drug-resistant tuberculosis (DR-TB). 

 

The quantitative sample of the study consisted of 90 adult patients diagnosed with TB, who 

were purposively and conveniently selected. The 90 patients were enrolled from the approved study 

(HUM009/0420) between February 2022 and March 2023 and followed up for six months at health 

facilities in the Ekurhuleni district (see Appendices 2 and 3). The sample size was estimated at the 

prevalence of a successful TB treatment outcome of 70%–90%, with a margin of error of 5%. Thus, a 

sample of 80 to 100 was required. To estimate an odds ratio of 2.0 for an increase of 1 SD in the 

wisepill pill count, with 85% power, assuming successful TB treatment in 50%– 80% of patients, a 

sample of between 80 and 100 was adequate. A sample of 90 patients was therefore sufficient to 

achieve the objectives of the current study. 

For the qualitative aspect of the study, a small sample of 10 participants was selected from 

those who were regarded as adherent and not adherent. There were six adherent and four non-adherent 

participants. The decision whether a participant was adherent or not was calculated by the researcher 

at the end of treatment (upon receiving treatment outcomes). The adherence data (the dose percentage) 

were calculated by means of the wisepill technology’s SENSE software. In the context of the study, 

being adherent meant that patients would have taken at least 80%–90% of their prescribed doses. 

Percentages were computed by dividing the recorded number of days the pill box was opened (intake) 

divided by the total number of days in a month multiplied by 100. If the box is not opened, it is recorded 

as missed. A list was then drawn up of those who were adherent (patients who took at least 80%–90% 

of prescribed doses) and those who were not adherent (patients who took less than 80% of prescribed 

doses). The researcher then called the potential participants as they appeared in the drawn-up list to 

request their participation in the interview. The drawn-up list was an added criterion used by the 

researcher to select the 10 participants, purposively and conveniently.  

It is important to note that most eligible participants from the list did not agree to participate as 

they were not available to come to the clinic (i.e. owing to work commitments, transferred out of the 

district), and others declined for personal reasons. Therefore, a meeting was scheduled with those who 

agreed (and signed a consent form) to participate and be interviewed for this study. The interviews 

took place at the facility where the participants received treatment to explore how they experienced 

the reminders through using the wisepill technology as having affected their behaviour. 
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4.6 METHODS AND MATERIALS 

The researcher relied on a questionnaire to gather sociodemographic information and adherence self-

reporting. The evriMED wisepill technology was used to record the regularity with which a medicine 

container was opened by the patient. The self-efficacy and stigma scales were used to measure stigma 

and self-efficacy, and the three-item adherence scale was also administered by the researcher. Pill 

count information was obtained from the facility-registered nurse and TB outcomes were obtained 

from the electronic tuberculosis register (ETR.web.net), also contained in the patient files. Both pill 

counts and overall TB treatment outcomes were captured in the questionnaire. For qualitative 

interviews, an interview guide was used to obtain in-depth information on participants’ experiences of 

using the evriMED wisepill support technology. More detail about the data collection process is 

outlined in the data collection procedure (see section 4.7). 

4.6.1 Quantitative Research Method 

4.6.1.1 Biographical Questionnaire 

The researcher compiled a structured biographical questionnaire (see Appendix 4) to collect 

sociodemographic information (gender, age, household characteristics, education level and 

employment status), the diagnosis date and treatment start date (see Appendix 4). In addition, the 

patient’s self-reporting of adherence was (repeatedly) collected through this questionnaire at follow-

up visits. The research team administered and patients completed the questionnaire during the first 

consultation.  

The researcher and the research assistants piloted the questionnaire administration and 

procedures at one of the selected clinic facilities. This was done practically by enrolling the patient 

with the help of the registered facility nurse, obtaining consent, administering the questionnaire and 

psychological scales and training the patient to use the wisepill technology. It was important for 

patients to interpret the questions correctly and to provide relevant responses. 

4.6.1.2 EvriMED Wisepill Box 

The evriMED wisepill box (mHealth support technology used) is an automated electronic device that 

records and informs the healthcare provider about the regularity with which a medicine container is 

opened by the patient (assuming in most cases when the device is opened medication is taken). 

Information from the device is used as proxy and sent to a remote web-based server. A reminder text 

message is sent to both the patient and the research assistant(s) whenever the device has not been 

opened within the prescribed time window (see Figure 10) (Karumbi & Garner, 2015).  
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However, owing to the limitations of the technology, the reading of messages by participants 

could not be confirmed and documented as a measure indicating adherence. Figure 11 represents the 

dashboard example of intakes that the server reports per patient. 

 

Figure 11: 

The EvriMED Wisepill Box Process 

 

Source: The image was obtained from Wisepill technologies homepage, by Wisepill technologies, 2023, 

(https://www.wisepill.com/). 

The graph indicating patient medication intake is illustrated in Figure 12. 

Figure 12: 

Adherence Calendar Illustrating Patient Medication Intake Graph for a Month 

 

Illustration: A study patient’s adherence calendar for the period between 1 April 2022 to 1 May 2022. 
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Medication dosing was self-administered. Purple diamonds indicate extra wisepill device openings. Green diamonds indicate wisepill device openings 

[i.e. 1. scheduled intake time (diamond on a dark green horizontal line), 2. Earlier (light green circles below the dark green line) or 3. Late (diamond 

above the dark green line)]. The red square indicates a missed expected wisepill device opening. The yellow diamonds indicate openings of the box 

after an SMS reminder. 

Data on the patient’s adherence were recorded on an mHealth platform to which only the 

research assistant(s) and researcher had access. Information on noncompliance (not taking medication 

six times in any given month) with the treatment was communicated to the facility-registered nurse. 

The researcher was aware that reported noncompliance with treatment, may skew the study data, and 

possibly result in bias. This has been taken into consideration as a limitation of the study. The research 

team manually recorded attempts to contact patients and instances of voice call communications as a 

result of patient follow-up are recorded in a call log. Behavioural, personal, and environmental factors 

play a role in human behaviour. Thus, the wisepill device communicated TB patients’ behaviour 

pertaining to medication adherence and indirectly reflected their motivation to complete treatment 

given their perception of stigma and self-efficacy. By virtue of monitoring patients, they may be 

influenced by the device to adhere to timely medication use, and their motivation to adhere may 

translate into behavioural change (medication adherence). 

4.6.1.3 Medication Adherence Self-efficacy Scale Revised (MASES-R) 

The medication adherence self-efficacy scale (Ogedegbe et al., 2003) revised measure was used to 

measure patients’ belief in their confidence to adhere to prescribed TB medications in a variety of 

challenging situations. This scale was administered by the researcher at baseline only. The instrument 

consists of 13 items measured on a four-point Likert scale ranging from “not at all sure” to “extremely 

sure”. Of the items, 12 ask about confidence in specific situations (busy at home, no symptoms, 

travelling), and one item asks about confidence in ability to make medication adherence a part of the 

daily routine. There are no subscales on the measure, and instead the total scale score is computed by 

averaging across responses to all items. Higher scores indicate a greater level of self-efficacy. An 

explanation of the administration and completion of the scale is found in Appendix 5. The scale has 

not been used in South Africa before, although the instrument demonstrated good reliability with 

Cronbach’s alpha coefficients of 0.92 and 0.90 at baseline and at three months, respectively, using a 

hypertensive African American sample (Fernandez et al., 2008). 

4.6.1.4 Stigma Scale for Chronic Illnesses 8-item Version 

The stigma scale for chronic illnesses 8-item version (Molina et al., 2013) measures internalised (three 

items) and enacted (five items) stigma experienced by people with neurological conditions (see 

Appendix 6). An example of an item for internalised stigma is: “I felt embarrassed about my illness”. 

An example of an item for enacted stigma is: “Some people acted as though it was my fault that I have 
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this illness”. The researcher used the SSCI-8 scale for TB because TB is classified as a chronic disease. 

The items are scored on a five-point Likert scale from 1 (never) to 5 (always). Total scores range from 

8 to 40, with higher scores indicating higher levels of perceived stigma. The raw scores could be 

converted into IRT-based T-score distributions, standardised scores with a mean of 50 and a standard 

deviation of 10. The SSCI-8 has shown high internal consistency (Cronbach’s alpha of 0.89) (Molina 

et al., 2013). The scale has not previously been used in South Africa (Molina et al., 2013).  

The researcher was aware that the medication adherence self-efficacy scale revised and the 

stigma scale for chronic illnesses 8-item version used in this study have not been used in South Africa 

before, but in other contexts only. However, their psychometric information on the standardised 

assessments (Cronbach’s alpha) illustrated a good reliability, with coefficients above 0.80 (Fernandez 

et al., 2008; Molina et al., 2013). The researcher’s choice of measuring instruments was guided by 

extant literature on the issues affecting adherence in the context of TB. 

4.6.1.5 Three-item Adherence Scale 

The three-item adherence scale was developed through rigorous cognitive interviewing and was 

validated in the US (Fowler et al., 2016; Wilson et al., 2014; Wilson et al., 2016). It was used to 

measure medication-taking behaviour and adherence (see Appendix 7). The three items include: (1) 

assessment of number of days medication was missed; (2) frequency of medication intake; and (3) 

rating of adherence to medication intake in the previous 30 days. The three adherence items are linearly 

transformed to a 0–100 scale, with zero being the worst, and 100 the best adherence (Gaito, 1980; 

Townsend et al., 1984). The scale has an internal consistency value of 0.86 for a Western sample 

(Wilson et al., 2016). It has also been used in South Africa to investigate the association between self-

reported adherence (measured using a three-item scale) and elevated viral load (VL) among 542 HIV-

infected pregnant and postpartum women on ART in Cape Town (Phillips et al., 2017). The findings 

revealed that 12% of patients reported perfect adherence on the self-report scale, while 92% had a VL 

of fewer than 1000 copies/mL. Therefore, having a raised VL was consistently associated with lower 

median adherence scores of the scale (Phillips et al., 2017).  

The researcher administered the scale to patients at follow-up visits. The participants were not 

required to complete the questionnaires themselves, but instead the researcher or assistant completed 

the questionnaires on the patients’ behalf, based on their verbal responses. An average score was 

calculated for the three individual items. 
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4.6.1.6 Pill Count 

Pill count was used as an outcome variable (primary outcome) for adherence to TB medication. This 

measure is reliable for monitoring adherence because of its objective approach (Sangeda et al., 2014). 

The researcher or research assistant(s) contacted the facility-registered nurse(s), who conduct pill 

counts during follow-up visits with patients. In most instances, the facility nurses granted the research 

team access to patient files to obtain this information. This contact enabled the research assistant(s) to 

link patients involved in the study. 

4.6.1.7 Overall TB Outcomes 

Overall TB outcomes were interpreted in the context of treatment success (when a patient has 

successfully completed a TB treatment regimen and their outcome results are indicated as cured or 

completed) or unsuccessful (where the patient’s treatment outcome result is indicated as loss to follow-

up or treatment failure). For TB treatment outcomes, the facility-registered nurse and/or medical doctor 

made judgements regarding the patients’ TB treatment outcomes and the interpretation of these 

outcomes was adopted from the National Tuberculosis Management Guidelines (2014), as shown in 

Table 3. For this research study, information on overall TB outcomes was obtained from the patient 

files, to which the facility nurse granted the research team access. In addition, a summary of the key 

measurement instruments used in the research are presented in Table 4. 

Table 3: 

Interpretation of Overall Treatment Outcomes 

Outcome Definition 

Cure Patient whose baseline smear (or culture) was positive at the beginning of the treatment and is smear/ culture 

negative in the last month of treatment and on at least one previous occasion at least 30 days prior. 

Treatment 

completed* 

Patient whose baseline smear (or culture) was positive at the beginning and has completed treatment but does not 

have a negative smear/culture in the last month of treatment and on at least one previous occasion more than 30 days 

prior. The smear examination may not have been done, or the results may not be available at the end of treatment. 

Treatment failure  Patient whose baseline smear (or culture) was positive and remains or becomes positive again at five months or later 

during treatment. This definition excludes those patients who are diagnosed with RR-TB or MDR-TB during 

treatment. 

Died  Patient who dies for any reason during the course of TB treatment. 

Treatment default 

(loss to follow-up) 

Patient whose treatment was interrupted for two consecutive months or more during the treatment period. 

Transfer out Patient who was referred to a facility in another district to continue treatment and for whom the treatment outcome 

is not known. 

*Treatment success indicated by a combination of the patients who were cured and those who completed treatment. 

Source: South African National Department of Health (2014). 
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Table 4: 

Key Measurement Instruments Used in the Study 

Measuring instruments Constructs measured  

Questionnaire  Biographical information of DS-TB patients. 

A three-item adherence scale Medication-taking behaviour and adherence. 

The evriMED wisepill box Monitoring of real-time medication adherence – detailed history about the number of 

doses taken and other deviations from the dosing regimen. 

Medication adherence self-efficacy scale 

revised (MASES-R) 

Patients’ belief in their confidence to adhere to prescribed TB medications. 

stigma scale for chronic illnesses 8-item 

version (SSCI-8) 

Measurement of internalised and enacted stigma experienced. 

Pill count  Outcome variable (primary outcome) of adherence to TB medication. 

Overall TB outcomes Clinical outcomes post-TB treatment.  

4.6.2 Qualitative Research Method 

An interview guide was used to conduct the in-depth interviews, which are indicated in Table 5 (see 

also Appendix 8). The process of developing the interview guide was informed by the literature review 

on the topic, followed by drawing-up a list of questions to be explored. The qualitative questions were 

further refined through the following principles: 1) asking open ended questions instead of closed-

questions (yes or no), 2) avoiding leading questions, 3) avoiding double-barrelled questions, and 4) 

adding probing questions. Later on, the questions developed were grouped into four sections that can 

answer the qualitative research question. The researcher was interested in how feedback reminders and 

overall use contributed to understanding how the technology was helpful to patients in taking their 

medication, barriers to adoption and sustainability of using the mHealth tool, the wisepill box. 

Table 5: 

Interview Guide Used in the Study to Interview Participants 

Sections of the 

interview guide 

Questions  

End-user experiences • What does the box represent to you? [Probe: Provide a metaphor to describe the box]. 

• What is your opinion of using the Wisepill box monitoring device? [Probe: Is it easy or difficult to 

use the device?] 

• How useful was the Wisepill box monitoring device to you? 

• How do you feel about someone monitoring how you are taking your pills every day? [whose 

involvement is triggered by sustained missed doses]. 

• What was the reaction of people in your environment when they saw you using the device? 

• Tell me about your storage strategies of the device when you were at home, work and when 

travelling. 

• Would you say that the Wisepill box monitoring device is appropriate for use among TB patients 

like yourself? 

Influence of using the 

mHealth tool 

• What is your opinion about the importance of completing TB medication? 
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Sections of the 

interview guide 

Questions  

• Are you aware of the consequences of not completing your TB medication? Pprobe: Where did 

you obtain this information from? Do you know of any person who did not complete their TB 

medication? If yes, what happened to them? Do you think that incident motivated you to complete 

your TB medication?] 

• In using the Wisepill box, were the reminder messages you received, which were triggered by the 

device when you missed a dose, useful? [Probe: Did they help you to take your medication as 

prescribed?] 

• If the reminders were not present, would you have still taken TB medication on that day? 

[Probe: If no, what were some of the reasons that contributed to the non-adherent behaviour? If yes, 

what were some of the strategies you used to ensure you take TB medication?] 

• Did the use of the Wisepill box monitoring device motivate you to attend your scheduled follow 

up clinic visit as prescribed? 

Stigma and self-efficacy • Did you feel embarrassed that you had TB? If so, why? [Probe: Physical limitations that come with 

having TB] 

• Did you feel that after having been diagnosed with TB, people around you treated you differently? 

[Probe: People avoided you, were uncomfortable around you, said bad things about you – that it was 

your fault you contracted the disease?] 

• Did you believe that what people said about you in relation to the disease was true? If so, why? 

• When you started with TB medication, were you confident that you would complete your 

medication as prescribed by the healthcare professional? If yes [Probe: Highlight on motivations, 

goal attainment] 

• Do you feel that having built this self-confidence before helped you complete TB medication? 

• In your opinion, what do you think made you stay adherent to TB medication over time? [Probe: 

What situations made it easy for you to take your TB medication?] 

• In your opinion, what do you think made you not stay adherent to TB medication over time? 

[Probe: Difficulties you have in taking TB medications? What situations make it difficult for you to 

take your TB medication?] 

Sustainability • What is the value of using wisepill support technology in your everyday life? [Probe: Were you 

able to fit in the device with your already present self-management health habits?] 

• How was your engagement or involvement in your own health care before and after the use of 

the wisepill support device? 

• Did you feel empowered when using the wisepill box device? 

• How do you want your box to look like, if you could personalise it? [Probe: Elements such as size, 

alarms, structure of the box, colour, etc.] 

• What are some of the barriers you experienced with using the device, which made not adopt the 

device? [Probe: Design, privacy and security issues, connectivity, personalisation?] 

• Despite the barriers mentioned, would you recommend the use of the wisepill box monitoring 

device to other people who are on TB treatment? Why / why not? 

 

Qualitative questions were developed by the author in June 2021. 
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4.7 DATA COLLECTION 

Data collection was initiated once a newly diagnosed TB patient, who met the inclusion criteria, 

indicated their interest in the study. The facility-registered nurse assisted the research team in recruiting 

patients who were at the clinic until a total sample of 90 was reached. The data collection started with 

a pilot study on 15 February 2022. For the description of the pilot study, refer to Box 1, presented on 

the next page. The main data collection (including the qualitative interviews) for the study was 

completed on 30 April 2023. 

All data collection was conducted in the clinic consultation rooms. Following the referral from 

the registered nurse, the research team provided the participants with the study information and 

informed consent document. They were informed that they could withdraw from the study without any 

negative consequences to their TB treatment. The team also performed quality checks to ensure that 

the referred patients met the inclusion criteria. Participants who agreed to participate completed a 

written informed consent document before data collection commenced. Follow-ups were linked to 

participants’ routine visits during private consultations to ensure that no patient was approached or 

identified as a study participant in a public space in the facility. All the study participants received the 

pill box. Thus, the pill box was dependent on the patients’ participation in the study. The participants 

knew beforehand that they would receive the pill box. 

Tracking log sheets were used to track the patient return date(s) to link them to their scheduled 

routine follow-up visits for the treatment duration (see Appendix 4). The quantitative data collection 

took approximately 30 minutes per participant. The study identity (barcode) was linked to the patient’s 

clinic card number. This enabled the research team to link the data of each participant, for example, 

for the purpose of conducting follow-up visits and interviews after the six months’ treatment. All 

participants received an inconvenience allowance of R100 (in the form of a gift voucher that enabled 

them to buy from selected shops like Shoprite, Checkers, Usave or OK) at the end of the study. The 

compensation in the form of a R100 gift voucher was adequate because it was unlikely that patients 

would be requested to come to the clinics outside their routinely scheduled visit dates. Therefore, the 

time spent with the research staff was minimal. 
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Box 1 

Pilot study 

A pilot study was conducted with three patients (i.e. one female and two males – unemployed and single), who met the 

selection criteria at Goba CHC. The three participants were purposefully and conveniently sampled. They also represented, 

to some extent, the broader participant population which comprised young/early and middle adults, with more males than 

females. The majority of the broader participants were also single and unemployed. The purpose was to test the data 

collection tools (ease of administering the questionnaire and psychological scales) and the applicability of using the wisepill 

box device to support medication adherence. The patients were willing to participate in the study and curious about the 

wisepill device – how it worked and whether it would assist them in taking their pills. After the researcher explained and 

illustrated how the wisepill box functioned, the participants generally found the device interesting and welcomed the 

opportunity to use it throughout the six months’ duration of treatment, and later shared their experience of using this device. 

The researcher administered the questionnaire and psychological scales. It took approximately 30 minutes to complete and 

to set up the device. The researcher and research assistants saw that the patients easily understood how to respond to the 

questionnaire and psychological scales, and to use the wisepill technology. Subsequent data collection was therefore easier 

as it was streamlined based on the guidance provided by the pilot study. The pilot data were included in the main study. 

Data were captured in the Research Electronic Data Capture (REDCap) management system and follow-ups continued 

until patients exited the study. 

4.7.1 Quantitative Data Collection 

The researcher collected the quantitative data between 15 February 2022 and 10 March 2023. Newly 

diagnosed TB patients were recruited and followed up until the end of their six months of treatment. 

The period of data collection for each patient coincided with the duration of the standard TB treatment 

regimen, which is six months. Patients were recruited at the start of their treatment (at initiation). A 

14-day window period was used by the researcher to enrol the patients in the study. Enrolling patients 

within the 14-day window period enabled the researcher to increase her sample, as it was not always 

possible to enrol many on the same day since some patients were too ill and not in a position to give 

their consent. 

A sociodemographic questionnaire was administered to obtain descriptive information 

(household characteristics, education level and employment status). Details about the diagnosis date, 

treatment start date, follow-up adherence, self-reporting, and overall TB outcomes were captured in 

the questionnaire. A wisepill box was issued to monitor patients who were part of the study from the 

start of their treatment until its completion. All participants received training by the researcher or the 

research assistants in using the wisepill box. The stigma and self-efficacy scales were administered 

individually at patient enrolment either by the research assistant(s) or by the researcher. The two 

research assistants were employed full-time by the project to collect the study’s data. 

During all six follow-up visits, patients were asked by the research team to report on their 

adherence to TB medication. The three-item adherence scale was administered at each follow-up 
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visit (monthly) so that patients could rate their medication intake. The research team also documented 

pill counts for every patient enrolled in the study who returned for their clinic follow-up visit. 

After the six months’ treatment, the researcher obtained the overall TB treatment outcomes 

from the patients’ files, which were completed by the facility-registered nurse. The facility-registered 

nurse who assisted with recruitment provided the research team with access to the relevant patient files 

(only those who were enrolled in the study and signed the informed consent form). 

4.7.2 Qualitative Data Collection 

At the end of six months, semi-structured interviews were conducted with a conveniently selected 

sample in the clinic consultation room. All the participants who took part in the semi-structured 

interviews signed an interview consent form (see Appendix 9). The researcher attempted to establish 

an environment of openness and trust which, according to Hatzipapas et al. (2017), enables the 

participants to express their views openly. Although interviews were formally conducted in English, 

the participants were allowed to answer in their preferred local language, as the researcher was 

equipped to understand them. The researcher was therefore able to paraphrase, clarify, reflect on, and 

summarise the participants’ answers in the local language. The interviews took between 30 and 60 

minutes (i.e., mean duration of 45 minutes), and they were audio-recorded using a digital recorder. 

4.8 DATA ANALYSIS 

Quantitative data were analysed by means of both descriptive and inferential statistical procedures. 

Qualitative data were analysed using thematic analysis to establish themes. The researcher first 

outlined quantitative procedures and then presented the qualitative component. The integration of both 

quantitative and qualitative data are discussed briefly. 

4.8.1 Quantitative Data Preparation and Analysis 

It was important for the researcher to convert raw data into a manageable format before they were 

entered into the statistical analysis programme. Therefore, the following steps were followed to enable 

the researcher to make sense of the gathered data, eventually to answer the research questions. 

4.8.2 Data Capturing, Cleaning, and Analysis 

Study information was captured in the REDCap database. The data were exported and analysed in 

Stata 16. None of the questions in the three scales used in the study were negatively worded; hence, 

there was no need to recode the data. Data cleaning was conducted through running frequencies and 

descriptive statistics for all the data variables. The researcher had missing data in some cases, and 
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applied pairwise deletion. This means, the researcher did not include a particular variable in a case that 

had a missing value, but the case was still used for analysis relating to other variables with non-missing 

values. This undertaking was possible because overall TB treatment outcomes were obtained from 

patient files with the permission of the facility-registered nurse. The outcomes of 10 patients were 

transferred out. Owing to the nature of the outcome variable being binary (treatment successful or 

unsuccessful), the transfer-out status is defined as unknown. Therefore, the researcher instead obtained 

8 of the 10 outcomes from the ETR.web.net system, as they were all treatment completed. This 

information was important to obtain as the sample size was small and it was going to affect the 

regression models. 

The study data were generally not normally distributed. Therefore, the study used non-

parametric statistical techniques, which are detailed under the inferential statistics section (see sections 

5.1.2 to 5.1.5). 

4.8.3 Descriptive Statistics 

The following descriptive statistics were reported for the study: measures of central tendency, 

including the mean. Measures of variability were reported, including standard deviation, variance, and 

the minimum and maximum values. 

4.8.4 Inferential Statistics 

The following data analysis methods, which align with the research hypothesis, were used: 

For Hypothesis 1: Supportive feedback (reminders) from wisepill technology will increase 

adherence over time. The Cochran-Armitage test was used to measure the significant increase in 

medication adherence over time through wisepill technology supportive feedback reminders. The main 

objective of trend analysis is to identify the existence or non-existence of significant increasing or 

decreasing trends in a data series (Mirabbasi et al., 2020). The important test assumption that the study 

did not violate was the adherence response pattern from wisepill technology, which was known. The 

adherence responses were computed as adherence rank-sum scores to interpret, from the information 

in the linear graph, the significant increase in adherence over time from visit 1 to visit 6. 

For Hypothesis 2: Wisepill technology scores and other subjective scores (completed 

medication in each month, missed dose in each month and a three-item adherence scale) will differ. 

Non-parametric tests such as the Kruskal-Wallis and Mann-Whitney Wilcoxon tests were used to test 

the significant differences between the subjective adherence scores versus the rate of intake 

(adherence), as informed by the wisepill technology. Rate of intake was measured by dividing the total 
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monthly intake at each visit over the sum of total intake at each visit, and total missed at each visit 

multiplied by one hundred. The Kruskal-Wallis test was used to measure the difference among scales 

scores with three or more groups, and the Mann-Whitney Wilcoxon test was used when the scores 

were compared with two groups. The assumptions of the Kruskal-Wallis test were similar to those for 

the Wilcoxon-Mann-Whitney test, in that the adherence scores and scale scores were mutually 

independent. In addition, the measurement scales were at least ordinal, and the wisepill scores were on 

a continuous level of measure. Mean rank-sum scores and rank-sums for rate of intake were used to 

compare patient self-reporting at each visit versus the rate of wisepill intake. 

For Hypothesis 3: Adherence scores from wisepill technology will predict overall TB 

treatment outcomes. The bivariate logistic regression model was used to analyse the predictive ability 

of scores derived from wisepill technology on overall TB treatment outcomes. The study reported on 

the odds ratios and the correlation (Chi-squared test) between wisepill technology and TB treatment 

outcomes. The Chi-square test was used to test for associations between categorical variables. 

Cramér’s V was also used to measure the effect size of the relationship for the Chi-squared test. Kotrlik 

and Williams’ (2003) interpretation of the Chi-squared test or Cramér’s V was used (see Table 6). It 

is important to take note that correlation testing was not a prerequisite for running the regression model. 

The idea was to explore whether the relationship between the variables exists, and, if so, the magnitude 

of this relationship. 

Table 6: 

Interpretation of Φ in Chi-statistics or Cramér’s V 

Estimated values  Interpretation of association  

0.00–0.10 Negligible  

0.10–0.20 Weak 

0.20–0.40 Moderate  

0.40–0.60 Relatively strong  

0.60–0.80 Strong  

0.80–1.00 Very strong  

Source: Kotrlik & Williams (2003). 

The assumptions for bivariate logistic regression were all met in that the response variables 

were binary, they were independent of each other, there was no multicollinearity among the 

explanatory variables, there were no extreme outliers, and there was a linear relationship between the 

independent variable (scores from wisepill technology) and the dependent variable (overall TB 

treatment outcomes). Last, the sample size was sufficient to run the model. 
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For Hypothesis 4: Stigma and self-efficacy will predict overall TB treatment outcomes even if 

reminders from wisepill technology are added. The bivariate logistic regression model was used to 

analyse the predictive ability of stigma and self-efficacy on overall TB treatment outcomes. The study 

reported on the odds ratios. Spearman’s rho was used to determine the relationship between stigma 

and self-efficacy on overall TB treatment outcome. Cohen’s (1988) guideline was used to determine 

the strength of the relationship (see Table 7). Correlation testing in this case was not a prerequisite for 

running the regression model either, but instead for exploring whether the relationship between the 

variables existed, including the magnitude of this relationship. 

Table 7: 

Estimated Pearson’s r Values and Corresponding Interpretations 

Estimated values  Size of effect Interpretations 

0.10 Small  The effect explains 1% of the total variation  

0.30 Medium  The effect explains 9% of the total variation 

0.50 Large  The effect explains 25% of the total variation 

Source: Cohen (1988). 

The assumptions for bivariate logistic regression were all met in that the response variables 

were binary, they were independent of each other, there was no severe multicollinearity among the 

explanatory variables, there were no extreme outliers, and there was a linear relationship between the 

independent variable (stigma and self-efficacy scores) and the dependent variable (overall TB 

treatment outcomes). Last, the sample size was sufficient to run the model. 

4.8.5 Qualitative Data Analysis 

The 10 individual in-depth interviews were audio-recorded and transcribed verbatim by the researcher 

to familiarise herself with the data and to note emerging themes. Thematic analysis was used to 

establish the themes in the data to support the research question (Willig, 2013; 2014). The following 

six steps were followed, in accordance with Clarke and Braun’s (2013) guideline. 

Phase 1: Becoming familiar with the data 

The researcher transcribed the audio-recorded interviews. She immersed herself in the data to 

familiarise herself with the depth and breadth of the content by repeatedly reading the generated 

transcripts and checking them against the original audio recordings for accuracy. 
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Phase 2: Generating initial codes 

In this phase, the researcher produced an initial list of codes derived from the data, which was made 

possible through applying codes to short segments of data. The information was then organised into 

meaningful groups (see Table 8). During coding, the researcher also made notes on the texts that were 

analysed. 

Table 8: 

Coding List Generated from Participant Transcripts 

Data Code 

Section A: 

End-user experiences 

Reminder to take pills Box representation 

Participant did not experience any difficulties Using the wisepill box 

To help the patient to not forget to take his pills Usefulness of the wisepill box 

Then I freaked out because I know that there is someone that is monitoring 

me 
Feeling of being monitored 

They were surprised, but then they were happy that something could help 

me; they were so supportive, like, even with my brother-in-law, he was, 

like, let me get this box. He took my pills for me, he closed you see, he said 

“don’t forget” 

Reactions to the wisepill box  

I placed it where there are my cosmetics in the wardrobe Storage strategies  

Yeah, it is right, a lot. Personally, I found it useful. I saw it, it was useful. 
Wisepill box appropriate for use by 

TB patients 

Section B: 

Influence of using mHealth tool 

After taking the treatment, the participant felt better 
Importance of completing TB 

treatment 

Participant shared a story of his friend, whom they used to live with, who 

had died from untreated TB 

Consequences of not completing TB 

treatment 

Patient received reminders when he had to wake up early at 5 am to walk 

(accompany) someone 
Reminder messages useful 

The participant mentioned that she would not have taken the medication 
Absent reminder messages –would 

you have taken pills on that day 

The participant, every time he takes the medication, he ticks his clinic 

card and is able to see the return date for [his] follow-up visit 

Motivation from the pillbox to 

attend clinic follow-up visits 

Section C: 

Stigma and self-efficacy 

Patient was not embarrassed; she wanted to know the type of TB she had 

since she was not coughing and seemed well (at) [in] first 4 months 

Feelings of embarrassment because 

of TB 
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Data Code 

Participant mentioned that they judged him and they themselves 

[housemates] did not know their status 

People’s treatment after your TB 

diagnosis 

Patient mentioned that, yes, he knew he would complete treatment 
Confident on completing TB 

treatment at the start of treatment 

TB is curable; taking medication made the participant feel better 
Reasons for staying adherent to TB 

medication over time 

Feeling stressed on some days, I would just open the pill box and not take 

treatment 

Reasons for not staying adherent to 

TB medication over time 

Section D: 

Sustainability 

Participant travelled with her pill box everywhere and made sure to pack it 

first 

Value of using wisepill box in 

everyday life 

Before, the participant would forget to take treatment as prescribed 
Involvement in own healthcare 

before and after using the pill box 

Participant agreed that she felt empowered when using the pill box 
Feelings of empowerment when 

using the pill box 

Having music play from the box will get the participant interested 
Suggestions to personalise the pill 

box 

The volume of the alarm is loud Barriers to using the pill box 

The participant would still recommend this box to be given to people who 

are on TB treatment 
Recommendation to use the device 

Summary of coding list developed by author in October 2023. 

 

Phase 3: Searching for themes 

The researcher, in this phase, refocused the analysis at the broader level of themes, and sorted different 

codes into potential themes. All relevant coded data extracts were collated within the identified themes. 

The study used tables to represent visually how different codes were sorted into themes, which 

highlighted the relationship between codes, between themes, and between different levels of themes 

(main overarching themes and subthemes). Codes that did not fit into the study’s main themes were 

called miscellaneous. 

Phase 4: Reviewing themes 

During this phase, the researcher reviewed and refined themes. The idea was to ensure that the coded 

data extracts, meaning, and collated extracts for each theme formed a coherent pattern. The validity of 

individual themes in relation to the data set was considered to ensure a clear distinction between 
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themes. At the end of this phase, the researcher had a fairly good idea of the study’s different themes, 

how they fitted together, and the overall story they told about the data. 

Phase 5: Defining and naming themes 

The researcher wrote a detailed analysis for each individual theme and identified the comprehensive 

meaning of each theme. Each theme was fitted into the broader overall story in relation to the research 

question. This minimised overlapping of themes. It was nevertheless important to clarify how each 

theme related to the others. 

Phase 6: Producing the report 

In this phase, the researcher wrote a final analysis in the form of a summary report. The content derived 

from the data needed to convince the reader of the merit and validity of the analysis. To achieve this, 

the researcher used extracts and embedded them in an analytic narrative that illustrated the contextual 

reality of the data. This, in turn, ensured that the analytic narrative went beyond a mere description of 

the data, which helped to make an argument in relation to answering the research question. Although 

the second researcher was not available to conduct qualitative analysis, she assisted by listening to 

recordings and double-checking for leading questions or bias in some of the transcripts. This helped to 

minimise the bias. 

4.8.6 Integration of Quantitative and Qualitative Results 

The quantitative and qualitative results were combined to provide a more in-depth understanding of 

the data (Fetters et al., 2013; Fielding, 2012). Interpretation and explanation elaborated on the main 

findings (differences and similarities) derived from the quantitative and qualitative findings. (see 

Chapter 5). The researcher conducted joint display analysis based on the data collected to optimise the 

visual presentation of the quantitative results alongside the qualitative findings. Colour coordination 

(Miller & Bustamante, 2016) was used to organise and label the data to assist readers with interpreting 

the results that were presented (Fetters et al., 2013). The researcher’s analysis in joint display was 

guided by Haynes-Brown and Fetters’ (2021) procedures (see Table 9). 

The analytic intent was to examine the extent to which the qualitative data produced by 

interviews supplemented the quantitative scores obtained from adherence measures. The researcher 

had to relate the two datasets. The quantitative and qualitative datasets were analysed separately 

through engagement in this iterative process of building joint displays. Both types of data were 

regarded as equally important to address the study’s purpose. After the initial separate analyses, the 
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two sets of results were integrated at the interpretation stage, where qualitative data elaborated on 

quantitative results. 

Table 9: 

Critical Considerations in Joint Display Analysis 

Guideline procedures to consider in joint display analysis 

Compare and contrast the quantitative and qualitative data based on the findings of both data sets. 

Decide on the most suitable numerical and text findings to integrate. 

Consider the best approach for presenting the quantitative data (numerical or other visual). 

Consider the best approach for presenting the qualitative data. 

Examine the display for reader friendliness. 

Look for trends and patterns across displays created. 

Identify concepts, themes, patterns and anomalies in the results based on the findings of both datasets. 

Incorporate theory for structuring the analysis, and for exploring emerging findings. 

Look for insights across the two types of data and draw meta-inferences. 

Source: Haynes-Brown & Fetters (2021). 

 

4.9 VALIDITY AND RELIABILITY 

The researcher assessed the reliability and validity of quantitative data and results, and the credibility 

and trustworthiness of the qualitative data and findings. According to Davis (2004), and William 

(2024), validity and reliability are important components in research to ensure accuracy, credibility 

and trustworthiness of findings. In healthcare and social sciences research, these components are 

paramount for the accuracy of data collected (Kimberlin & Winterstein, 2008). 

4.9.1 Quantitative Research 

Quantitative research is commonly dependent on using various measurement techniques to collect data 

on constructs that are not directly measurable. Therefore, it is important to certify the validity and 

reliability of the measurement used to produce meaningful results (Chiang et al., 2015). A well-

conducted quality research study is determined by producing findings that are valid and reliable (Heale 

& Twycross, 2015). The researcher will now briefly detail the psychometric validity and reliability of 

the measurements used as well as the validity of the design selected for this study. 
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4.9.1.1 Validity 

Scale validity refers to the extent to which an instrument measures the construct it was developed to 

evaluate (Raykov & Marcoulides, 2011). The validity of an instrument can be examined in numerous 

ways. The researcher outlines the most common tests for validity, namely, content validity, criterion 

validity and construct validity. 

a. Content Validity 

This type of validity evaluates whether the tests assess the full range of knowledge and content that 

they should with regard to the aspects of the constructs which they were designed to capture (Heale & 

Twycross, 2015). In addition, it is important for researchers to determine whether the questionnaire, 

scale or tool covers a sufficient domain related to the variable. In this study, the researcher consulted 

with the research nurse scientist at the South African Medical Research Council, an expert in the field 

of tuberculosis to review the questionnaire and the scales to ensure the relevance and accuracy of 

constructs being assessed. In addition, the questionnaire and scales were subjected to pilot tests. 

b. Construct Validity 

Construct validity refers to making inferences from operationalisations, by connecting concepts to 

observations in the study and applying them to the constructs on which those operationalisations are 

based. It is important to provide evidence that the study data support the theoretical structure (Chiang 

et al., 2015). The researcher used already established adherence scales (three-item adherence scale, 

MASES-R and SSCI-8), which accurately operationalised how constructs were measured (Shadish et 

al., 2002). Furthermore, to establish construct validity, measures need to demonstrate both convergent 

and discriminant validity (Raykov & Marcoulides, 2011). The scales were used in several research 

studies and, based on the psychometric properties, deemed valid and reliable (Fernandez et al., 2008; 

Fowler et al., 2016; Molina et al., 2013; Ogedegbe et al., 2003; Phillips et al., 2017; Wilson et al., 

2014; 2016). In section 4.6, detailed information is presented on the Cronbach alpha values of each 

measure. For measures that have not yet been used in the South African context (MASES-R and SSCI-

8), the researcher performed a pilot test to ensure that the questionnaires were understood and measured 

what they intended to measure. 

c. Internal and External Validity 

Researchers Patino and Ferreira (2018) define internal validity as the extent to which the observed 

results represent the truth in the population being studied and thus confirm that these results cannot be 

ascribed to methodological errors. It is therefore important for researchers to attempt to minimise any 
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threats to internal validity by controlling for all extraneous variables (García-Pérez & Alcalá-Quintana, 

2012). The internal validity of a study can be threatened by many factors, such as errors in 

measurement or in the selection of participants for the study (Patino & Ferreira, 2018). The researcher 

only reflected on the threats that were relevant to the current study. The researcher did not use a control 

group; neither did she apply random selection when she enrolled patients in the study. Therefore, the 

researcher cannot conclude that the relationship between the variables of the study are causal or 

effectual. 

External validity refers to the extent to which the results of a study are generalisable to other 

people (patients), especially in respect of the population that the sample is thought to represent (Patino 

& Ferreira, 2018). Using random assignment is a recognised method in research to improve external 

validity. However, this was not possible in the present study. The sample size (N=90 patients) used in 

the study was small. Therefore, the researcher was cautious about generalising the findings to larger 

populations. The study’s findings may not translate into populations with different characteristics 

because selected patients were from a pool of clinics in Ekurhuleni; moreover, the sample was based 

on voluntary participation and convenience. Nevertheless, significant findings of the study could allow 

for some inferences regarding the relationship patterns between variables of interest and might possibly 

guide further investigation. 

d. Statistical Conclusion Validity 

The goal of research is to produce dependable knowledge or to provide the evidence that may guide 

practical decisions (García-Pérez & Alcalá-Quintana, 2012). Statistical conclusion validity (SCV) 

holds when the conclusions of a research study are founded on adequate analysis of the data. This 

means that suitable statistical methods are used to support the conclusions drawn by the research 

findings (García-Pérez & Alcalá-Quintana, 2012). Statistical conclusion validity pertains to “the extent 

to which data from a research study can reasonably be regarded as revealing a link (or lack thereof) 

between independent and dependent variables as far as statistical issues are concerned” (Cook & 

Campbell, 1979, pp. 39–50; Shadish et al., 2002). 

To determine the credibility of the study’s findings, the researcher ensured that the following 

three aspects of SCV were met: (1) confirmed adequate statistical power to detect an effect, if it exists; 

(2) lowered the risk of the study to “reveal” an effect that did not actually exist; and (3) confidently 

estimated the magnitude of the effect. In addition, scientifically valid and reliable measurement 

instruments were used to assess the variables. The data collection in this study was thus undertaken by 

employing quality scientific measurement instruments. 
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Sample size was determined by means of the Clopper-Pearson method for confidence interval, 

with one proportion considering the confidence level set at 95% and the expected proportion of 0.600. 

With a lower limit of 0 and an upper limit of 0.699, the minimum sample size required was 69. 

Furthermore, in determining the minimum sample size for the logistic regression model, the R-

square=0.000, alpha at 0.05, with a higher odds ratio of 2.00 and the power of 0.84784 were used. The 

outcome therefore indicated that the minimum size required was 84. The targeted sample size was 

rounded off and adjusted to 90. 

4.9.1.2 Reliability 

Reliability is the degree of consistency exhibited when a measurement is repeated under identical 

conditions (Boateng et al., 2018). The research team administered three scales to the patients, two at 

baseline and one during follow-up visits. It is important to highlight that the conditions under which 

the scales were completed were similar for all patients. They all received the same instructions, and 

standard procedures were adhered to. Several standard statistics were developed to assess the reliability 

of a scale. However, the Cronbach’s alpha is discussed in relation to the present investigation 

(Cronbach, 1951). 

Cronbach’s alpha assesses the internal consistency of the scale items, namely the degree to 

which the set of items in the scale co-vary, relative to their sum score (DeVellis & Thorpe, 2021; 

Cronbach, 1951; Raykov & Marcoulides, 2011). An alpha coefficient is interpreted as follows: r= 0.70, 

which is often regarded as an acceptable threshold for reliability; while r= 0.80 and r= 0.95 is preferred 

for the psychometric quality of scales. The alpha coefficient is described as robust, reliable, strong, 

and excellent (Cortina, 1993; van Griethuijsen et al., 2014; Revelle & Zinbarg, 2009). 

Research was conducted on the psychometric properties of the scales (three-item adherence 

scale, MASES-R and SSCI-8) that were used in the study and found to be reliable, with a coefficient 

alpha of above 0.80. Therefore, the study could confidently state that the way the sample completed 

the scales was reliable. The reliability statistics are reported as follows: 

a. Reliability Statistics for Stigma Scale 

The study administered the stigma scale to all 90 patients at enrolment. The Cronbach’s alpha for 

internalised and enacted stigma were 0.82 and 0.80, respectively, which are both above 0.80 (see Table 

10), and higher than the ideal benchmark of 0.7 (de Vellis 2003). Therefore, the items in the scale were 

found to be sufficiently consistent and indicated that the measure was reliable. 

b. Reliability Statistics for Self-efficacy Scale 
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The self-efficacy scale was administered to all 90 patients at enrolment. The Cronbach’s alpha was 

0.93 (see Table 10) and higher than the ideal benchmark of 0.7 (de Vellis 2003). Therefore, the items 

in the scale were sufficiently consistent and indicated that the measure was reliable. 

Table 10: 

Summary of Reliability Analysis of the Scale Instruments 

Scales Number of items 
Average interitem 

correlation 
Cronbach’s alpha score 

Internal stigma 5 0.4904 0.8279 

Enacted stigma 3 0.5726 0.8008 

Self-efficacy 13 0.5299 0.9361 

 

The onus is on researcher to ensure that the measures which are used in a study are scientifically 

valid and reliable. This researcher demonstrated that scientifically valid and reliable measures were 

used for quantitative data collection. It is important that the application process of these measures, and 

resulting data, should be free of bias. The researcher ensured that the interpretation of quantitative data 

was based on sound and appropriate statistical analysis. Ensuring validity and reliability is of key 

relevance to generating good quality research. 

4.9.2 Qualitative Research 

Maintaining credibility and trustworthiness in qualitative data collection and analysis were achieved 

through using the following guiding principles: a) reflexivity, b) transferability, c) dependability, and 

d) reliability for thematic analysis (Korstjens & Moser, 2018; Noble & Smith, 2015). The study 

followed these four guiding principles for quality control. 

4.9.2.1 Reflexivity 

The researcher acknowledged her role in qualitative research, that she was part of the research study, 

and that her prior experiences, assumptions and beliefs would influence the research process and 

interpretation of findings. Therefore, during data analysis the researcher listened more than once to the 

audio recordings to self-judge the content of the interview. In addition, the researcher requested a 

fellow research psychologist colleague to listen to recordings and to double-check for leading 

questions or bias in some of the transcripts. The researcher provided a description of the sample, the 

research process involving what was done and why throughout the study. 



Tebogo Brenda Sole-Moloto   PhD (Psychology) 

 89 

4.9.2.2 Transferability 

According to Bloomberg and Volpe (2018; 2019), transferability is defined as a fit or match between 

the research context and other contexts, as judged by the reader. Therefore, the study’s findings are 

context-specific and not intended to be generalisable. However, lessons learnt in one setting might 

nevertheless be useful to others. Robson (2011) argues that transferability to another setting (analytical 

or theoretical generalisation) is possible provided the likelihood exists that findings are applicable to 

other situations under similar, but non-identical conditions (Patton, 1990). A measure used in the study 

to ensure transferability included collecting rich and detailed information through conducting 

interviews. This enabled the reader to gain a holistic understanding of end-user experiences of wisepill 

technology in supporting adherence to TB treatment. 

4.9.2.3 Dependability 

Bloomberg and Volpes (2018; 2019) refer to dependability as the ability to track the processes and 

procedures used to collect and interpret the data. It is important to note that this criterion parallels 

reliability, although it is not assessed through statistical procedures. The study was able to ensure 

dependability by providing detailed explanations of how the data were collected and analysed. In 

addition, the study offered transparency of the method used, which depended on the researcher’s 

interview transcripts (Bloomberg & Volpes, 2018; 2019). In addition, the study was confirmed as 

credible, which the researcher ensured by providing procedures which were used as supporting 

evidence that the results accurately represented what was studied. Furthermore, the researcher ensured 

confirmability by communicating results that were reflective of the information gathered from the 

participants (through audio-recorded interviews that were transcribed verbatim) and not from her 

interpretation or bias (Guba & Lincoln, 1994). 

4.9.2.4 Reliability for Thematic Analysis 

The researcher checked her results several times for coding categories to confirm accuracy. 

Furthermore, she accurately reported (see Chapter 5) the meaning to the unit of analysis (Johnson & 

Christensen, 2019; Maxwell, 1992). For example, the researcher used several descriptions and/or 

phrases directly obtained from the transcriptions of participants’ interviews (Johnson & Christensen, 

2019). 

4.9.3 Integration of Quantitative and Quantitative Results 

Mixed methods enhance the validity of the results (Creswell, 2014; 2015; Johnson & Onwuegbuzie, 

2004). Data were integrated at interpretation and reporting level. Prior to the integration, data analysis 
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for the quantitative and qualitative component was presented separately. This enabled the researcher 

to identify key findings and questions that required additional exploration. Joint displays were used to 

optimise the visual presentation of the quantitative results alongside the qualitative findings by using 

a weaving technique; therefore, presenting main findings in the narrative form (Guetterman et al., 

2015; Othman et al., 2020). This integration may stimulate and expand the readers’ understanding of 

the research matter. 

In the next section, key ethical principles and the conduct of the researcher are discussed. 

4.10 ETHICAL CONSIDERATIONS 

Ethical approval was obtained from the University of Pretoria’s Faculty of Humanities and Health 

Sciences Ethics Committee (HUM009/0420), National Department of Health (NDoH), and the 

provincial Department of Health (GP_202103_053) (see Appendices 2 and 3). 

The main ethical issues this study dealt with were: a) informed consent; b) beneficence and 

non-maleficence; c) respect for the dignity of persons, anonymity and confidentiality; d) fair selection 

of participants; and e) researcher competence and expertise (Neuman, 2014; Newton, 2010; Sales & 

Folkman, 2000). 

Participants were informed about all aspects relevant to the study prior to requesting consent 

from them (Willig, 2008). The participants who were willing to participate provided written consent 

and also gave consent to have their interviews audio-recorded (see Appendix 9). There was no risk of 

harm to participants (Gravetter & Forzano, 2006; 2012), although, where necessary, healthcare 

professionals’ details (including mental health care) were provided at the clinics. All information was 

kept safe in locked cases during transportation and stored in a locked office. A password-protected and 

encrypted internet-based data management system was used. Paper-based study documents were 

securely stored in locked cabinets at the clinic facility in the interim period. Once all the data were 

collected from a patient and the electronic data verified, the structured questionnaires were delivered 

to the offices of the SAMRC for storage. 

Confidentiality was maintained by assigning a unique barcode ID to each participant. This 

ensured that no personal information was connected to the data. Furthermore, text message reminders 

were not related to TB to protect the patients’ status. Identifying information, such as names from the 

questionnaires and transcripts, were removed and replaced by a barcode (in the case of questionnaires), 

and a pseudonym (transcripts). Confidentiality was not applied in instances of reporting to the 

registered nurse when the patient did not open the pillbox six or more times each month. In this case, 

the action of not applying confidentiality was for the safety and in the best interests of the patient. 
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Participants were advised to store the box safely at home. Patients’ recruitment and selection were 

based on scientific and ethical principles: no persons were discriminated against because of race, age, 

gender, sexual orientation, disability, education, religious belief, pregnancy, marital status, ethnic or 

social origin, conscience, belief, or language (Health Professions Council of South Africa [HPCSA], 

2016). 

The researcher was competent to carry out the proposed research and had received appropriate 

research ethics training (Good Clinical Practice: Beginners’ course) in 2021 (see 10). The facility-

registered nurses granted the research team access to patient files to document study-related 

information (pill counts, treatment outcomes, etc.). No changes were made to the proposal that required 

approval from the ethics committee. 

The data, which will be stored at the University of Pretoria (UP) for 10 years, will be subjected 

to the following standard storage principles: 

All data collected (original dataset with de-identifiable information) and other related 

information (transcriptions) accumulated for this research study were stored in a secure storage space 

(electronic data). Audio recordings were destroyed once the transcriptions and interpretation of the 

findings had been completed. Access to the original data remains limited only to the researcher, who 

took ownership of and accepted full responsibility for all data. Similar actions enable researchers to 

ensure the anonymity and confidentiality of participants. De-identified datasets used for analysis will 

be stored on the University of Pretoria’s research data repository and platform for 10 years. The 

University of Pretoria manages, maintains, and controls this platform. All data stored on the 

aforementioned platforms will be disposed of and destroyed after the prescribed period and by means 

of the prescribed method, in accordance with the University of Pretoria’s Information Management 

policy. 

4.11 CONCLUSION 

In this chapter, the aim, objectives, hypotheses, research design, and the application of mixed-methods 

research methods were described. The chapter concluded with a description of the integration of the 

quantitative and qualitative results, ethical considerations, and matters relating to validity and 

reliability. In the next chapter, the findings are presented.  
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CHAPTER 5: FINDINGS OF THE STUDY 

This chapter provides an outline of the results based on the quantitative and qualitative analysis 

applied in the study. The findings are organised in relation to the structure detailed in Figure 13. 

The study’s findings are divided into three sections, namely quantitative findings, qualitative 

findings, and the integration of both quantitative and qualitative findings, as outlined in Figure 13. 

Figure 13: 

Procedural Diagram Representing the Explanatory Sequential Mixed-methods Design of the Study 

Source: Adapted from Ivankova et al. (2006). 

 

The first section involves the quantitative phase of the study, which aims to determine the influence of 

mHealth feedback reminders on TB patients’ medication adherence, given the effect of stigma and 

self-efficacy on adherence. This section is guided by the following: 

• The description of the study sample; 

• Medication adherence, including feedback reminders from the wisepill technology device, 

measured over six months’ treatment duration; 

• Scores from wisepill technology compared with other subjective scores (completed medication 

in each month, missed doses in each month and a three-item adherence scale); 
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• The predictive ability of adherence scores from wisepill technology on TB treatment outcomes 

was measured; and 

• The predictive ability of stigma and self-efficacy on TB treatment outcomes was measured 

even when reminders from wisepill technology were added. 

The second section provides a detailed description of the four key themes that emerged from the 

qualitative findings of this study. The summaries are presented in a table format to highlight the 

subthemes and quotes. The aim of the section is to understand, through TB patients’ experiences, the 

barriers to adoption and sustainable use of mHealth technologies. This section was guided by the 

following goal: 

• To explore end-user experiences of mHealth technology. 

The final part of the chapter integrates and interprets data analysed from quantitative and qualitative 

phases, which were previously presented separately. Joint displays were used to optimise the visual 

presentation of the quantitative results alongside the qualitative findings (weaving technique of 

presenting main findings in a narrative form). The following goal guided the third section of this 

chapter: 

• Interpreting how qualitative data enhances and elaborates quantitative results. 

5.1 QUANTITATIVE FINDINGS 

The quantitative findings are described in terms of the descriptive data and inferential analysis. In the 

section on descriptive data, the patients’ sociodemographic and socioeconomic characteristics obtained 

from the questionnaire are documented. The researcher performed several inferential analyses to 

determine the influence of mHealth feedback reminders on TB patients’ medication adherence, given 

the effect of stigma and self-efficacy on adherence. For Objective 1, trend analysis and the Cochran-

Armitage test were used to measure and determine the significance of medication adherence over the 

six months of treatment, with feedback reminders from wisepill technology. Objective 2 used two non-

parametric tests, Kruskal-Wallis and Mann-Whitney Wilcoxon, to compare the significant differences 

between adherence scores from wisepill technology and other subjective scores. Bivariate logistic 

regression analysis was used for both Objective 3 and Objective 4, respectively. For Objective 3, the 

regression model was used to establish the predictive ability of adherence scores from wisepill 

technology on TB treatment outcomes. For Objective 4, the regression model was used to measure the 

predictive ability of stigma and self-efficacy on TB treatment outcomes even when reminders from 

wisepill technology were added. 
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5.1.1 Demographic and Socioeconomic Characteristics 

A sociodemographic questionnaire was used to obtain descriptive information regarding patients’ 

demographic details: age, gender, household characteristics, education level and employment status. 

Overall TB outcomes were obtained from the patient clinic file and documented in the study file. A 

summary of the results is presented in Table 11. 

5.1.1.1 The Sample 

The total sample consisted of 90 patients (n=90). The sample was obtained from five community 

healthcare facilities in the Ekurhuleni district in Gauteng, South Africa. The cohort consisted of more 

males (n=64: 72.7%) than females (n= 24: 27.3%). The minimum age was 21 years and the highest 

was 82 years, with a mean age of 40 years. In relation to the marital status of patients, 68.2% (n=60 

patients) were single, while 15.9% were married and 9.1% were living with a partner. In addition, 5.6% 

comprised patients who were divorced (n=1: 1.1%), and widowed (n=4: 4.5%). Most patients lived in 

a brick house (n= 63: 71.6%) or a shack (n=18: 20.5%). All patients mentioned living with at least one 

person inside the residential homes. The socioeconomic status data indicated a high unemployment 

rate of 58.6% (n = 51). Matric was the highest level of education for many patients (n=36: 40.9%), 

followed by partial completion of high school (Grade 10 or 11) (n=30: 34.1%). Most of the TB 

treatment outcomes in the sample were successful. Of the 90 patient records, 88 records had treatment 

outcomes that were documented. About 86.7% (n= 76) of patients had successfully completed their 

TB treatment regimen and their outcome results were indicated as cured or completed. Unsuccessful 

TB treatment outcomes accounted for 13.6% (n= 12). 

Table 11: 

Demographic and Socioeconomic Characteristics of the Sample 

 Variables N (%) 

Gender, n (%)  

  Male 64 (72.7%) 

  Female 24 (27.3%) 

Age  

Age range, min and max 21 and 82 

Mean (years) 40 

Marital status, n (%) 
 

Married  14 (15.9%) 

Single 60 (68.2%) 

Living with partner 8 (9.1%) 

Separated 1 (1.1%) 

Divorced 1 (1.1%) 



Tebogo Brenda Sole-Moloto   PhD (Psychology) 

 95 

 Variables N (%) 

Widowed 4 (4.5%) 

Residential conditions, n (%) 
 

Brick house on separate stand 63 (71.6%) 

Shack 18 (20.5%) 

Hostel 5 (5.7%) 

Flat 2 (2.3%) 

Employment status, n (%) 
 

Full-time 14 (16.1%) 

Part-time 10 (11.5%) 

Self-employed 6 (6.9%) 

Unemployed 51 (58.6%) 

Retired 6 (6.9%) 

Highest level of education, n (%) 
 

No schooling 8 (9.1%) 

Some schooling 2 (2.3%) 

Completed primary school 5 (5.7%) 

Completed secondary school 3 (3.4%) 

Partially completed high school  30 (34.1%) 

Matric/Grade 12 36 (40.9%) 

Certificate/Diploma 3 (3.4%) 

Bachelor’s degree 1 (1.1%) 

Overall treatment outcome, n (%) 
 

  Successful 76 (86.7%) 

  Unsuccessful 12 (13.6%) 

 

5.1.2 Feedback Reminders and Adherence Over Time 

Objective 1:  

To measure medication adherence and feedback reminders using the wisepill technology device. 
 

 
 

 

 

The null hypothesis was that the supportive feedback reminders from wisepill technology 

device will not increase adherence over time. 
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Table 12:  

Summary of Patient Adherence as Measurement by Wisepill Technology for Six Months Treatment Duration 

Visit Months Observations Median IQR* Rank-sum 

Cochran-

Armitage test 

 (p-value) 

Visit 1 1 84 27,5 22–30 15140,5   

Visit 2 2 81 30 28–31 20407,0 <0.001 

Visit 3 3 75 30 28–31 19655,0 <0.001 

Visit 4 4 73 30 26–31 17014,0 0.003 

Visit 5 5 67 29 23–30 14915,5 0.075 

Visit 6 6 63 27 12–30 11214,0 0.529 

*Interquartile range (25-75 percentile). 

 

Table 12 and Figure 14 present findings on the significant increase in adherence over time from 

month 1 (visit 1) to month 6 (visit 6) after using the mHealth tool. Observations refer to the sample 

size of patients at each visit. The median is the number of medication intake days in each month. The 

rank-sum score illustrates the increase or decrease in adherence for six months, as measured by wisepill 

technology. The data was not normally distributed and therefore the Cochran-Armitage test was used 

to test the null hypothesis and to measure whether there was a significant increase over time after the 

first month. The Cochran-Armitage test was suitable for this analysis because it is a widely used test 

for trends among the binomial proportions of a dose–response relationship. This test requires 

preassigned fixed dose scores (Neuhäuser & Hothorn, 1999). The Cochran-Armitage test has higher 

power compared to the Chi-squared test when the suspected trend is correct, although the ability to 

detect unsuspected trends is sacrificed. The trend test exploits the suspected effect direction to increase 

power, but this does not affect the sampling distribution of the test statistic under the null hypothesis. 

Therefore, the suspected trend in effect is not an assumption that must hold for the test results to be 

meaningful. 

Patients became fewer at each point in time point (from visit one to visit six). The number 

declined from 84 to 63 participants. This reduction in numbers was due to a combination of patients 

who transferred out, were lost to follow-up, and patients who were not opening the pill box during the 

study. The implications of fewer patients returning for treatment highlights the ongoing challenge 

faced by the TB programme, which is keeping patients adherent after initiating TB treatment. 

The adherence rank-sum score significantly increased from visit 1 to visit 2. This means there 

was a significant difference between visit 1 (n=84, M=27.5, IQR=22-30, rank-sum= 15140.5) and visit 

2 (n=81, M=30, IQR=28-31, rank-sum= 20407.0), (p =.002 two-tailed). 
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The trend of the rank-sum scores for adherence decreased from visit 2 (n=81, M=30, IQR=28-

31, rank-sum= 20407.0) to visit 6 (n=63, M=27, IQR=12-30, rank-sum= 11214.0), (p =.0529 two-

tailed). Despite this decrease, there was a significant increase over time between visit 2 (n=81, M=30, 

IQR=28-31, rank-sum= 20407.0) and visit 4 (n=73, M=30, IQR=26-31, rank-sum= 17014.0), (p =.003 

two-tailed) because all rank-sum scores between visit 2 and visit 4 were higher than the rank-sum score 

at visit 1. 

For visit 5 (n=67, M=29, IQR=23-30, rank-sum= 11915.5), (p =.075 two-tailed) and visit 6 

(n=63, M=27, IQR=12-30, rank-sum= 11214.0), (p =.0529 two-tailed), the Cochran-Armitage test 

indicated a insignificant increase because the rank-sum scores were less than the rank-sum score at 

visit 1. Additional analysis was conducted where the trend of medication adherence over time was 

stratified by gender (see Box 2). It was interesting to see a significant decrease in adherence for the 

males, as shown at visit 6. For females, a decrease in adherence was observed from visit 2 to visit 6. 

These findings suggest that the decrease in overall adherence over time was led by the females, 

specifically at visit 3 to visit 5. 

Figure 14: 

Illustration of Medication Adherence Trend Analysis Over Six Months 

 

 

 

 

 

 

 

 

 

 

The findings relating to Objective 1 indicate that supportive feedback reminders from the wisepill 

technology device did not increase adherence over time. The adherence scores (given by the rank-sum) 

decreased between visit 1 and visit 6, although this was not significant (p =.0529 two-tailed). 

Therefore, the study failed to reject the null hypothesis. 

There are possible reasons why adherence did not increase over time with the use of the pillbox 

(which is designed to increase medication adherence). At the beginning of treatment, patients might 

have started enthusiastically as the healthcare staff explained the technology very well and motivated 

them to take their medication. In addition, the provision of a pill box to support their medication intake 
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was exciting to them as it was something new that came at a very critical point in their lives, when 

they were sick. However, over time, growing accustomed to messages could have made those feelings 

fade somewhat, and they felt better, forgetting to open the pill box on some days. Travelling away 

from home without the pill box could have contributed to the pill box not being opened. It is not 

surprising that we observed a decline in adherence in the continuous phase of treatment (last 4 months). 

Non-adherence is said to be common during the continuation phase of treatment owing to TB treatment 

mainly being patient-centred. Previous studies (Adane et al., 2013; Fiseha & Demissie, 2015; 

Mekonnen & Azagew, 2018), which analysed the treatment phase as a predictor variable for patient 

adherence to TB treatment, found that the continuation phase is a risk factor for non-adherence. 

 

Box 2 

The trend of medication adherence over time stratified by gender 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The trend analysis is stratified by gender. It is evident, when comparing the decline in adherence between males and 

females, that a steep decline was observed in females from visit 2 to visit 6. It is interesting to note as well that the decline 

in adherence for males was only significant at visit 6. 

 

Visits Male Female
Sum ranks P-value Sum ranks P-value 

Visit 1 7855 1184.5
Visit 2 11154.5 0.001 1260 0.244
Visit 3 11259 0.001 1168 0.355
Visit 4 9633 0.002 1052 0.614
Visit 5 8452 0.024 925.5 0.738
Visit 6 6192.5 0.798 738 0.394
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5.1.3 Wisepill Technology Scores Versus Other Subjective Adherence Scores 

Objective 2: 

To compare scores from wisepill technology with other subjective scores (completed medication in 

each month measured by a three-item adherence scale, missed dose in each month, and patient self-

reports). 

The null hypothesis was that wisepill technology scores and other subjective scores 

(completed medication in each month, missed dose in each month and a three-item adherence scale) 

will not differ. 

Rate of intake was measured by dividing the total monthly intake at each visit over the sum of 

total intake at each visit and total missed at each visit multiplied by one hundred (100), as shown in 

the equation below. 

𝑅𝑎𝑡𝑒 𝑜𝑓 𝑖𝑛𝑡𝑎𝑘𝑒 𝑠𝑐𝑜𝑟𝑒(%) =  
𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 𝑎𝑡 𝑒𝑎𝑐ℎ 𝑣𝑖𝑠𝑖𝑡

[(𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 + 𝑡𝑜𝑡𝑎𝑙 𝑚𝑖𝑠𝑠𝑒𝑑) 𝑎𝑡 𝑒𝑎𝑐ℎ 𝑣𝑖𝑠𝑡]
𝑥 100 

Non-parametric tests, specifically the Kruskal-Wallis and Mann-Whitney Wilcoxon tests, were 

used to test the significant differences among the subjective adherence scores versus the rate of intake 

(adherence) through the wisepill technology. The Kruskal-Wallis test was used to measure the 

difference among the scores of scales with three or more groups, and the Mann-Whitney Wilcoxon 

test was used when the scores were compared with two groups. 

5.1.3.1 Three-item Adherence Scale 

Table 13 illustrates the comparison between the rate of wisepill intake and the perception of patients 

at each visit of how well they took their TB medicine in the past 30 days. There was a group comparison 

using the Kruskal-Wallis test for the scale scores. Overall, there were significant differences among 

all the scores for all the visits, respectively: visits 1 (n=80, M rank-sum= 3240, IQR=96-100), (p =.004 

two-tailed); visit 2 (n=79, M rank-sum= 3160, IQR=93-100), (p =.001 two-tailed); visit 3 (n=74, M 

rank-sum= 2774.5, IQR=93-100), (p =.010 two-tailed); visit 4 (n=70, M rank-sum= 2485, IQR=87-

100), (p =.000 two-tailed); visit 5 (n=66, M rank-sum= 2211, IQR=96-100), (p =.024 two-tailed); and 

visit 6 (n=63, M rank-sum= 2015.5, IQR=51-100), (p =.011 two-tailed). Patients who indicated that 

they had been excellent at taking their TB medications had the highest mean rank scores at all the 

visits. It is also interesting to note that there was a decline in the excellent mean rank-sum scores over 

time, and this decline could be ascribed to patients’ starting to report honestly how well they took their 

TB medicines in the past 30 days, considering that, on some occasions, they recalled missing some 

doses (see Figure 15). 



Tebogo Brenda Sole-Moloto   PhD (Psychology) 

 100 

This finding suggests that there was a significant difference between the rate of wisepill intake and 

the perception of patients at each visit of how well they took their TB medicines in the past 30 days. 

This means self-reporting on adherence behaviour was overestimated compared to wisepill intake 

scores. Therefore, the study rejected the null hypothesis. 

Table 13: 

A Comparison Between the Rate of Wisepill Intake and the Perception of Patients of How Well they Took their TB 

Medicines 

Time 

point 

In the last 30 days, how good a job did you do at taking your TB medicines? 

Very poor Poor Fair Good Very good Excellent 
Total 

Mean 

Rank- 

sum 

(IQR) 

Kruskal-

Wallis 

Mean 

Rank-sum 

Mean 

Rank-sum 

Mean 

Rank-sum 

Mean 

Rank-sum 

Mean 

Rank-sum 

Mean 

Rank-sum 
p-value 

Visit 1 

(n=80) 
3.00 52.00 104.00 189.50 187.00 2704.50 

3240 

(96-100) 
0.0043 

Visit 2 
(n=79) 

2.50 0.00 30.50 241.50 157.50 2728.00 
3160 

(93-100) 
0.0001 

Visit 3 

(n=74) 
2.50 0.00 7.00 161.00 132.00 2472.00 

2774.5 

(93-100) 
0.0103 

Visit 4 

(n=70) 
0.00 52.00 9.00 160.00 124.50 2139.50 

2485 

(87-100) 
0.0002 

Visit 5 

(n=66) 
18.00 5.00 39.50 201.50 146.00 1801.00 

2211 

(96-100) 
0.0248 

Visit 6 

(n=63) 
13.00 0.00 43.00 162.00 164.00 1633.50 

2015.5 

(51-100) 
0.0116 

*Mean rank-sum score for rate of intake 

 

Figure 15: 

Patients Rated Themselves Excellent at Taking their TB Medications at All Six Visits 

 

Patients reported that they always took medication as prescribed by the health professional. 

Comparing this perception to the rate of wisepill intake, two scores were significantly different for the 

first four visits respectively: visit 1 (n=80, M rank-sum= 54963.0, IQR=96-100), (p =.000 two-tailed); 
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visit 2 (n=97, M rank-sum= 1891.0, IQR=93-100), (p =.031 two-tailed); visit 3 (n=74, M rank-sum= 

1711.0, IQR=93-100), (p =.038 two-tailed); and visit 4 (n=70, M rank-sum= 1540.0, IQR=87-100), (p 

=.041 two-tailed). However, there were insignificant differences between the patients’ reporting on 

taking medication as prescribed by the health professional and the rate of wisepill intake for visit 5 

(n=66, M rank-sum= 1431.0, IQR=82-100), (p =.267 two-tailed) and visit 6 (n=63, M rank-sum= 

1275.0, IQR=51-100), (p =.117 two-tailed). Patients who indicated that they always took medication 

as directed had the highest mean rank scores at all the visits. The patients’ mean rank-sum scores 

decreased over time, however (see Table 14). 

Findings from the first four visits, therefore excluding visit 5 and visit 6, suggest that patients’ 

reporting always taking medication as prescribed by the health professional differed compared to the 

rate of wisepill intake, meaning their adherence reporting was inaccurate. Therefore, the study rejected 

the null hypothesis. 

Table 14: 

Perceptions of How Well the Patients Took Medication in the last 30 day As Prescribed by the Health Professional 

Compared to the Rate of Wisepill Intake 

In the last 30 days, how often did you take your TB medicines in the way that you were supposed to? 

 Never Rarely Sometimes Usually 
Almost 

Always 
Always   

Kruskal-

Wallis 

Time 

Point 

(visit) 

Mean 

Rank- sum 

Mean 

Rank- sum 

Mean 

Rank- sum 

Mean 

Rank- sum 

Mean 

Rank- sum 

Mean 

Rank- sum 

Total Mean 

Rank- sum 

(IQR) 

 p-value 

V1 

n=80 0.00 0.00 12.00 45101.00 8 152.00 1698.00 

54963.00 

(96-100) 

 

0.0006 

V2 

n=79 2.50 43.50 50.50 52.00 292.50 1450.00 

1891.00 

(93-100) 

 

0.0315 

V3 

n=74 2.50 6.00 0.00 35.00 252.00 1415.50 

1711.00 

(93-100) 

 

0.0383 

V4 

n=70 0.00 22.50 27.50 24.00 230.50 1235.50 

1540.00 

(87-100) 

 

0.0411 

V5 

n=66 0.00 4.00 34.50 153.00 238.50 1001.00 

1431.00 

(82-100) 

 

0.2677 

V6 

n=63 0.00 11.00 18.50 78.50 208.50 958.50 

1275.00 

(51-100) 

 

0.1173 

 

5.1.3.1 Patient Self-reporting on Completing All TB Medications 

The study compared patient self-reporting on completing TB medication versus the rate of wisepill 

intake. The study undertook a group comparison using the Wilcoxon rank-sum (Mann-Whitney) test 

for the scale scores. Consequently, the study found significant differences among all the scores at all 

the visits respectively: visit 1 (n=83, IQR=93-100), (p =.000 two-tailed); visit 2 (n=79, IQR=93-100), 

(p =.000 two-tailed); visit 3 (n=75, IQR=93-100), (p =.001 two-tailed); visit 4 (n=71, IQR=87-100), 
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(p =.000 two-tailed); visit 5 (n=67, IQR=80-100), (p =.016 two-tailed); and visit 6 (n=62, IQR=51-

100), (p =.046 two-tailed). Patients who mentioned at all the visits that they did not complete all their 

medication experienced a decline in the mean rank-sum scores over time (see Table 15). 

Table 15: 

A Comparison Between Patient Self-reporting on Completing TB Medication Versus the Rate of Wisepill Intake 

Have you completed all your medications this month 

  Yes No  
Wilcoxon rank-sum 

(Mann-Whitney) test 

Time point Observations Rank-sum Rank-sum IQR p-value 

Visit 1 83 189 1891 96–100 0.0002 

Visit 2 79 179 1713 93–100 0.0000 

Visit 3 75 201 1569 93–100 0.0012 

Visit 4 71 199 1397 87–100 0.0004 

Visit 5 67 346 1140 80–100 0.0166 

Visit 6 62 262 964 51–100 0.0462 

 

The findings suggest that there was a significant difference between patient self-reporting on 

completing TB medication compared to the rate of wisepill intake for all visits. This means patients’ 

adherence self-reporting was inaccurate. Therefore, the study rejected the null hypothesis. 

5.1.3.2 Patient Self-reporting on Missed Dose(S) 

The study compared patient self-reporting on missing a dose(s) at each visit versus the rate of wisepill 

intake. There was a group comparison using the Wilcoxon rank-sum (Mann-Whitney) test for the scale 

scores. The study found significant differences among all the scores at all the visits respectively: visit 

1 (n=83, IQR=96-100), (p =.000 two-tailed); visit 2 (n=79, IQR=93-100), (p =.000 two-tailed); visit 3 

(n=75, IQR=93-100), (p =.001 two-tailed); visit 4 (n=71, IQR=87-100), (p =.000 two-tailed); visit 5 

(n=67, IQR=80-100), (p =.046 two-tailed); and visit 6 (n=62, IQR=51-100), (p =.046 two-tailed) (See 

Table 16). 

The findings suggest that there was a significant difference between patient self-reporting on 

missing a dose(s) at each visit compared to the rate of wisepill intake. This meant patients’ adherence 

self-reporting was inaccurate. Therefore, the study rejected the null hypothesis. 
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Table 16: 

A Comparison Between Patient Self-reporting on Missing a Dose(s) at Each Visit Versus the Rate of Wisepill Intake 

Have you missed a dose(s) for this month 

  Yes No  
Wilcoxon rank-sum 

(Mann-Whitney) test 

Time Point Observations Rank-sum Rank-sum IQR p-value 

Visit 1 83 1891 189 96–100 0.0002 

Visit 2 79 179 1713 93–100 0.0000 

Visit 3 75 1569 201 93–100 0.0012 

Visit 4 71 1350 198 87–100 0.0004 

Visit 5 67 1140 346 80–100 0.0462 

Visit 6 62 964 262 51–100 0.0462 

 

5.1.4 The Predictive Ability of Adherence from Wisepill Technology on Overall TB Treatment 

Outcomes 

Objective 3: To measure the predictive ability of adherence scores from wisepill technology on overall 

TB treatment outcomes. 
 

The null hypothesis was that adherence scores from wisepill technology will not predict 

overall TB treatment outcomes. 

Bivariate logistic regression analysis was used to analyse the predictive ability of scores 

derived from wisepill technology on overall TB treatment outcomes. The study’s findings revealed 

that patients who were adherent (compliant), according to wisepill technology (OR 3.93; 95% CI 1.95, 

5.91; p = 0.001), were 3.93 times more likely to have successful TB outcomes compared to those who 

were non-adherent (noncompliant). The adherent group was classified by patients whose adherence, 

according to wisepill, ranged from 80% and above, whereas for the non-adherent group, this was less 

than 80%. Adherence to TB treatment through wisepill technology was significantly associated with 

overall TB treatment outcome (see Table 17). The relationship between wisepill technology and overall 

TB treatment outcome was determined using the Chi-squared test. There was a relatively strong, 

positive correlation between the two variables, chi2 = 17.42, n = 90, p =.000, Cramér’s V = 0.4400. 

Higher levels of wisepill technology scores were associated with high levels of successful TB 

outcomes. 
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Table 17: 

Bivariate Logistic Regression Model Indicates the Association Between Adherence Scores from Wisepill Technology and 

Overall TB Treatment Outcomes 

Covariate Odds Ratio SE p-value 95% CI 

Adherence to TB treatment wisepill     

Adherence non-complaint (Ref.) 1    

Adherence complaint 3.93 1.01 <0.001 1.95-5.91 

 

The predictive ability of scores from wisepill technology on overall TB treatment outcomes. 

 

The relationship between wisepill technology and overall TB treatment outcome was relatively 

strong and significant. In addition, the study was able to demonstrate that wisepill technology predicted 

successful treatment outcomes. This means that adherent patients, as classified by the wisepill 

technology, were 3.93 times more likely to have favourable TB treatment outcomes compared to non-

adherent patients. Therefore, the study rejected the null hypothesis. 

5.1.5 The Predictive Ability of Stigma and Self-efficacy on Overall TB Treatment Outcome 

Objective 4:  

To determine whether stigma and self-efficacy will predict overall TB treatment outcomes even when 

reminders from wisepill technology are added. 
 

The null hypothesis was that stigma and self-efficacy will not predict overall TB treatment 

outcomes even if reminders from wisepill technology are added. 

5.1.5.1 Stigma 

Bivariate logistic regression analysis was used for analysing the predictive ability of stigma on overall 

TB treatment outcomes. Therefore, stigma was analysed and reported as internalised and enacted, 

respectively. The study found that participants (n=20) who had some experience of internal stigma had 

2.61 chances of having successful TB outcomes. There was a significant association between 

internalised stigma and overall TB treatment outcome (OR 2.61; 95% CI 1.30, 5.23; p = 0.007). Table 

18 presents the bivariate logistic regression analysis of the relationship between internalised stigma 

and overall TB treatment outcome. The relationship between internalised stigma and overall TB 

treatment outcome was determined using Spearman’s rho. There was, however, a weak, negative 

correlation between the two variables, r = -.146, n = 20, p =.951, with lower levels of internalised 

stigma associated with high levels of successful TB outcomes. 
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In the case of enacted stigma, the increased likelihood of patients (n=18) who experienced 

some enacted stigma was also significantly associated with overall TB treatment outcome (OR 2.91; 

95% CI 1.28, 6.62; p = 0.011). (Refer to Table 19). Spearman’s rho was used to determine the 

relationship between enacted stigma and overall TB treatment outcome. The study observed a weak, 

negative correlation between the two variables, r = -.103, n = 18, p =<.681, with lower levels of enacted 

stigma associated with high levels of successful TB outcomes. 

The relationship between stigma and overall TB treatment outcomes was weak and non-

significant. There were not many participants who experienced TB stigma, which could have 

contributed to the low relationship. However, the study was able to show that stigma (both internalised 

and enacted) predicted TB treatment outcomes. This meant that patients with low levels of internalised 

and enacted stigma were greater than 2.5 times more likely to have favourable TB treatment outcomes, 

compared to people who experience high internalised and enacted stigma. For that reason, the study 

rejected the null hypothesis. In essence, the analysis showed that stigma predicted TB outcomes and 

that high stigma would result in an unfavourable TB outcome and low stigma would result in a 

favourable TB outcome. 

Table 18: 

Bivariate Logistic Regression Model Indicating the Association Between Internalised Stigma and Overall TB Treatment 

Outcome 

Covariate Odds Ratio Std. Err. z P>|z| 95% CI 

Stigma (internal)      

Experienced some internal stigma 2.61 0.93 2.69 0.007 1.30-5.23 

*Dependent variable overall TB treatment outcome 

 

Table 19: 

Bivariate Logistic Regression Model Indicating Association Between Enacted Stigma and Overall TB Treatment 

Outcome 

Covariate Odds Ratio Std. Err. z P>|z| 95% CI 

Stigma (enacted)      

Experienced some enacted stigma 2.91 1.22 2.54 0.011 1.28-6.62 

*Dependent variable overall TB treatment outcome 

 

5.1.5.2 Self-efficacy 

Table 20 shows the bivariate logistic regression model-based association between self-efficacy and 

overall TB treatment outcome. The odds of patients who reported high self-efficacy (patients who rated 

themselves as extremely sure that they could take their TB medications all the time in various 
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situations) had 1.63 more chances of having a successful treatment outcome, compared those who had 

rated themselves as fairly sure or who did not report self-efficacy (rated themselves not at all sure).  

A significant association was observed between extreme self-efficacy experience and overall 

TB treatment outcome (OR 1.63; 95% CI 1.39, 1.92; p = 0.001). The relationship between self-efficacy 

and overall TB treatment outcome was determined using Spearman’s rho. There was a small (weak), 

negative correlation between the two variables, r = -.110, n = 88, p =.307, with extreme levels of self-

efficacy associated with lower levels of successful TB outcomes. It is possible that patients in the 

beginning of treatment were overconfident in their ability to take TB treatment.  

In addition, overconfidence could have resulted in their overestimated adherence to treatment. 

Studies (Heo et al., 2021; Vik et al., 2004; Wagner & Miller, 2004) suggest that patients’ 

overestimation is driven by multiple factors, such as trying to avoid conflicts with the health service 

practitioners by presenting themselves as good patients, to be socially desirable, but they have a 

distorted perception of adherence to treatment. 

Table 20: 

Bivariate Logistic Regression Model of association Between Overall TB Treatment Outcomes and Self-efficacy 

Covariate Odds Ratio Std. Err.  z P>|z| 95% CI 

Self-efficacy           

Fairly or not (Reference) 1         

Extremely 1,63 0.14  5.89 <0.001 1.39-1.92 

*Dependent variable overall TB treatment outcome 

 

The relationship between self-efficacy and overall TB treatment outcomes was small and non-

significant. However, the study was able to demonstrate that self-efficacy predicted successful 

treatment outcomes. This means that patients who were extremely confident in themselves of taking 

their medication despite of varying situations (taking medication in a public place, when travelling, 

etc.) were 1.63 times more likely to have favourable TB treatment outcomes, compared to patients who 

had rated themselves fairly or not confident in their responses. For that reason, the study rejected the 

null hypothesis. 

A summary of major findings from quantitative data that the study generated to answer the 

primary research question is presented in Table 21. 
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Table 21: 

Summary Table Highlighting Major Findings from Quantitative Data Developed by Author in January 2023. 

Objectives Statistical test(s) Results Conclusion 

To measure medication adherence 

and feedback reminders using 

wisepill technology. 

Trend analysis and 

Cochran-Armitage 

test 

p =.0529 two-tailed - Supportive feedback reminders from 

wisepill technology did not increase 

adherence over time (visit 1-6). 

- The study fails to reject the null 

hypothesis. 

To compare scores from wisepill 

technology with other subjective 

scores (i.e., completed medication 

in each month measured by a 

three-item adherence scale, missed 

dose in each month, and patient 

self-reports. 

Kruskal-Wallis and 

Mann-Whitney 

Wilcoxon tests 

p <.05 two-tailed 

(All visits, respectively) 

 

 

 

 

 

 

p <.05 two-tailed 

(Except for visit 5 and 

visit 6) 

 

 

 

 

 

p <.05 two-tailed 

(All visits respectively) 

 

 

 

 

 

p <.05 two-tailed 

(All visits respectively) 

- There was significant difference between 

the rate of wisepill intake and the 

perception of patients on how well they 

took their TB medicines in the past 30 

days. Self-reporting on adherence 

behaviour was overestimated compared 

to wisepill intake scores. Thes study 

rejects the null hypothesis. 

- There was significant difference between 

patients’ reporting on always taking 

medication as prescribed by the health 

professional and the rate of wisepill 

intake (except for visit 5 and visit 6). 

Self-reporting on adherence behaviour 

was inaccurate. The study rejects the null 

hypothesis. 

- There was a significant difference 

between patient self-reporting on 

completing TB medication at each visit 

compared to the rate of wisepill intake. 

Self-reporting on adherence behaviour 

was inaccurate. The study rejects the null 

hypothesis. 

- There was a significant difference 

between patient self-reporting on missing 

a dose(s) at each visit compared to the 

rate of wisepill intake. Self-reporting on 

adherence behaviour was inaccurate. The 

study rejects the null hypothesis. 

To measure the predictive ability 

of adherence scores from wisepill 

technology on overall TB 

treatment outcomes. 

Bivariate logistic 

regression 

(OR 3.93; 95% CI 1.95, 

5.91; p = 0.001) 

- Adherent patients according to wisepill 

technology were 3.93 times more likely 

to have successful TB outcomes 

compared to those who were non-

adherent. 

- Adherence to TB treatment from wisepill 

technology was significantly associated 

with overall TB treatment outcome. 
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Objectives Statistical test(s) Results Conclusion 

- Wisepill technology predicted successful 

treatment outcomes. 

- The study rejects the null hypothesis. 

To determine whether stigma will 

predict overall TB treatment 

outcomes even when reminders 

from wisepill technology are 

added. 

 

Bivariate logistic 

regression 

(OR 2.61; 95% CI 1.30, 

5.23; p =0.007) 

 

(OR 2.91; 95% CI 1.28, 

6.62; p =0.011) 

 

- There was a significant association 

between internalised stigma and overall 

TB treatment outcome. 

- There was a significant association 

between enacted stigma and overall TB 

treatment outcome. 

- Stigma (both internalised and enacted) 

predicted successful treatment outcomes. 

- Patients with low levels of internalised 

stigma and enacted stigma were greater 

than 2.5 times more likely to have 

favourable TB treatment outcomes 

compared to people with TB with high 

internalised stigma and high enacted 

stigma. 

- The study rejects the null hypothesis. 

To determine whether self-efficacy 

will predict overall TB treatment 

outcomes even when reminders 

from wisepill technology are 

added. 

 

Bivariate logistic 

regression 

(OR 1.63; 95% CI 1.39, 

1.92; p =0.001) 

- The was a significant association between 

extreme self-efficacy experience and 

overall TB treatment outcome. 

- Self-efficacy predicted successful 

treatment outcomes. 

- Patients who were extremely confident in 

themselves taking medication despite of 

varying situations were 1.63 times more 

likely to have favourable TB treatment 

outcomes compared to patients who had 

rated themselves fairly or not confident in 

their responses. 

- The study rejects the null hypothesis. 

 

5.2 QUALITATIVE FINDINGS 

The qualitative findings that resulted from the interviews with a small, conveniently sampled, sample 

of patients (n=10) are presented in this section. The interviews were conducted at the end of treatment. 

The researcher identified adherent and non-adherent patients, based on the dose percentages obtained 

from the wisepill technology SENSE platform. Adherent patients were defined as those who took at 

least 80% and above of the prescribed doses, whereas those patients who took less than 80% of the 

prescribed doses were regarded as non-adherent. Six of the participants in the interviews were seen as 
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adherent, while four participants were non-adherent. These interview participants comprised six adult 

males, three adult females, and one elderly female. The youngest participants were 26 years old, while 

the eldest was 74. The majority of participants were single and had completed matric/grade 12. Refer 

to Table 22 for the participant demographics. 

 

Table 22: 

Participant Demographics 

Participant 

Category 
Gender Age Marital Status Employment Status Education Level 

Adherent Male 28 years Single Unemployed Partially completed high school 

Adherent Male 26 years Single Employed full-time Completed secondary 

Adherent Male 34 years Single Unemployed Matric/Grade 12 

Adherent Female 74 years Widow Retired Some schooling 

Adherent Male 30 years Single Employed part-time Matric/Grade 12 

Adherent Female 28 years Single Unemployed Matric/Grade 12 

Non-adherent Male 33 years Single Unemployed Matric/Grade 12 

Non-adherent Female 27 years Living with a partner Employed full-time Matric/Grade 12 

Non-adherent Female 29 years Married Missing Matric/Grade 12 

Non-adherent Male 26 years Single Unemployed Matric/Grade 12 

 

5.2.1 Description of Qualitative Data 

Thematic analysis was used to established four themes, namely: 1) end-user experiences; 2) the 

influence of using the mHealth tool during TB treatment; 3) stigma and self-efficacy; and 4) 

sustainability of using the mHealth tool. 

First, an illustration of the themes is presented in Figure 16. A summary of the main 

overarching themes and subthemes are depicted in this figure. Thereafter, a description follows of the 

themes, with verbatim quotations from the interviews, as summarised in tables. The verbatim 

quotations are in italics. 
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Figure 16: 

Thematic Scheme of Main Overarching Study Themes and Subthemes from the Qualitative Study Findings 

 

 

5.2.1.1 Theme 1: End-user Experiences 

The pillbox functioned as a reminder to participants to take their TB medication during the six months 

of treatment. The support from the pillbox was important for the participants’ emotional and physical 

well-being. Beyond that, it represented their health, their motivation to take medication and their 

connection to life. One participant referred to it as a baby, while another saw it as a friend. The pillbox 



Tebogo Brenda Sole-Moloto   PhD (Psychology) 

 111 

was also represented as a clock and a storage component, referred to as a “lunch box” or “Tupperware”. 

There were mixed reactions from participants on using the pillbox. Some found it easy to operate the 

device and found it useful for reminding them to take their medication in the event they forgot. They 

mentioned that the ease of use was brought about by not having to change the batteries themselves. 

Other participants, those who found the box difficult to use, expressed that their concerns were mainly 

driven by the fear of losing the pillbox, and their privacy whenever they wanted to use it outside their 

homes. One participant had negative experiences with using the pillbox as he was irritated by the 

loudness of the alarm. He ended up placing the pillbox in the wardrobe to minimise the sound. 

The pill box supported the treatment journey of all participants. It provided them with a sense 

of awareness always to keep taking their medication on time, as prescribed. One participant mentioned 

that the pill box always reminded her to continue taking treatment, even when she felt better. The 

participants did not have a problem with being monitored by a professional person, who is part of the 

Department of Health (DOH), is knowledgeable about technology, and is not being judgemental. There 

were instances, however, when two participants mentioned being overwhelmed by the process. One 

mentioned that she did open the pillbox, and still received a reminder. Another participant mentioned 

that because she had not opened the pillbox, she felt ashamed to return for her scheduled follow-up 

clinic visit. Most participants’ family members, friends, colleagues, and church members were 

supportive after receiving an explanation about what the pillbox does. Family members were 

supportive, and, in some instances, the alarm was used by the family members to wake up in the 

morning. One participant mentioned that her friend thought the pillbox was used for HIV medication, 

as TB and HIV go together. However, that did not have any negative consequences because she knew 

her HIV status. 

The participants provided various storage strategies, such as placing the pillbox in the bedroom, 

dining room, the kitchen and even travelling with it to church, hospital and work. The main reason for 

keeping the box where they did was for easy access and to hear the alarm. The participants emphasised 

the importance of using the pillbox, not only among the TB patients, but also for extending its use to 

other people taking treatment. The participants mentioned various groups of people who could benefit 

from using the pillbox, such as older people, people living with HIV who are taking treatment, and 

people who work and find it difficult to take treatment timely. They thought that everyone could forget 

to take medication timely and having the pillbox could be a helpful reminder. There were no 

differences between the adherent and non-adherent patients in terms of their attitude towards the 

pillbox. A summary of the subthemes discussed is indicated in Table 23. 
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Table 23: 

Summary of the Subthemes Highlighting the Usability of the Wisepill Box from End-user Perspectives 

Theme: End-user Experiences 

Sub-theme  Quote  

The pillbox was a companion 

during TB treatment 

I would say it’s a reminder, every time I look at it, it reminds me of medication I have to take (Non-

adherent Female participant, Lilly). 

It represents my health; that I have to be motivated to take my treatment on time (Adherent Male 

participant, Billy). 

It reminds me of my life… Yes, it gave me life (Adherent Female participant, Mama Gee). 

Yeah, to, every time when I saw it, I saw that okay I am comforted that drink, you will be alright… Yes, 

it was more like a friend (Non-adherent Female participant, Sunshine). 

But then she told that when you become sick with TB tell them to give you the Tupperware to put your 

pills in and it will remind you about taking them (Adherent Male participant, Owen). 

Usability of the pillbox Because, sister, you see, because somewhere somehow this thing angered me for ringing and making 

noise(Adherent Male participant, Owen). 

For me it was easy because sometimes even if I forgot to take my medication when the alarm rings and 

then I just remember that I have to take my medication, so it was easier for me to use it (Non-adherent 

Female participant, Lilly). 

Yeah, it was very easy to use ‘cause sometimes you forget, or I am sleeping and then, when it rings, even 

my daughter would say, it’s ringing, and then she will take it, give it to me, take out the pills, and says, 

drink, you see (Non-adherent Female participant, Sunshine). 

Difficult, because this box is my privacy, this box, I would take it to visit somewhere with this box, right, 

what if it gets lost, where I’m visiting. (Adherent Male participant, Billy). 

The pillbox was helpful in 

participants taking medication 

every day 

 

… it was something that I always had in the bedroom, even, even if it didn’t ring, maybe, but by seeing 

it, I would remember that there are pills to take, and when you open, there are pills inside, for the entire 

six months, you see (Adherent Male participant, Joe). 

… it’s, like, it was really useful, the way I used to see it, it’s like, it used to update me to take my 

medication on time (Non-adherent Male participant, Bruce). 

Hundred percent, hundred percent because now I don’t want to lie, I should have defaulted (Adherent 

Female participant, Tee). 

Very useful, very useful, ‘cause if they had set it to ring at eight in the morning, there is no way I would 

miss my treatment, and it’s not like an alarm, with an alarm you can just switch it off, but this one you 

have to open the box for it to stop ringing, yeah (Non-adherent Female participant, Sunshine). 

Feelings of being monitored 

remotely 

I feel like being monitored by a professional person who is a, who’ve got a right to tell me what to do, 

not somebody, not [a] person from outside. I think that person will be judging me…And then the wanna 

make sure, they not like being on top of my neck you know...that my health is still fine, so I didn’t, like, 

mind anything (Adherent Male participant, Jabu). 

It made me freak out every time. I still remember that day I forgot… I was even ashamed to come to my 

date; it’s my date (Adherent Female participant, Tee). 

It was a good idea actually. I wanted it ‘cause I was sick for a very long time and I didn’t know what 

was wrong with me (Non-adherent Female participant, Lilly). 

It was helpful, although one would receive a message even when I have opened the box (Adherent Male 

participant, Joe). 
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Theme: End-user Experiences 

Sub-theme  Quote  

A generally positive reaction 

to the Wisepill box 

It’s just my sisters who saw it at home; they applaud it and said it is grand for storing pills (Adherent 

Male participant, Joe). 

…even my family came here, and saw it; they asked, “what is this now?” and then I told them, and they 

also recommended it, yeah, it’s a good thing, so I should use it (Non-adherent Female participant, 

Lilly). 

Uhmm they never took me somehow, they just saw that I love my life, you see… Yeah, its like, yeah, they 

just took it more positive, you see (Non-adherent Male participant, Bruce). 

Yah, because they were so happy about the way I was doing things in terms of my treatment (Adherent 

Female participant, Tee). 

They were surprised, but then they were happy that something could help me, they were so supportive, 

like, even with my brother-in-law, he was like let me get this box, he took my pills for me, he closed you 

see, he said, don’t forget (Non-adherent Female participant, Sunshine). 

Varied storage strategies Also, children … eh the safety, because we know… uhm that small children, we have to be careful how 

we put things (Adherent Male participant, Owen). 

Then you come back plus it’s in the comfort of your own room placed very well, nobody knows (Adherent 

Male participant, Jabu). 

I keep it just here close to the TV (Adherent Female participant, Mama Gee). 

… so I would take it with me and go to the hospital, so I would take my medication there (Non-adherent 

Female participant, Lilly). 

Yes I moved it to my bedroom (Non-adherent Male participant, Mpilo). 

I would say that ‘cause they would come into my come into my room, they see it (Adherent Male 

participant, Joe). 

Because I wake up every morning, feeling hungry, so immediately when I wake up, I go to the kitchen 

and I saw, I see the container; that’s when it reminds me of taking the medication, sometimes, I take it 

earlier, before the alarm, the alarm, yes, yes. So yeah (Non-adherent Female participant, Lilly). 

Pillbox is suitable for anyone 

taking treatment 

No, all patients, all patients, all different like … uhm … sickness…(Adherent Male participant, Jabu). 

...so it’s very important to have containers like this, to have people, remind people to take their 

medication until they finish the course…Yes, it is appropriate, remember TB spreads easily so when the 

container is there, is there to serve an important issue, you see. If you take your medication regularly, 

it’s a good thing because it won’t affect people around you (Non-adherent Female participant, Lilly). 

The box, I can say that, yeah, there was help but now I ask myself that, okay, this box, is it for people 

with TB only or everyone? You see, ‘cause sometimes there are people living with HIV, you see, maybe 

I’m thinking that it can also be helpful to them too, but I don’t know (Adherent Male participant, Joe). 

It’s perfect for older people (Adherent Female participant, Mama Gee). 

Yes, it is very appropriated because most of people, they default (Adherent Female participant, Tee). 

Maybe he also works and it could be a problem [taking their medication] (Adherent Female participant, 

Mama Gee). 
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5.2.1.2 Theme 2: Influence of Using an mHealth Tool During TB Treatment 

All participants agreed to TB treatment because it was lifesaving, and it reduced transmission. The 

participants mentioned feeling better, healed, living again and back to their normal selves after taking 

their medication. One participant mentioned that she gained weight again. Living with others also 

drove the participants to take treatment to avoid infecting others with TB. Furthermore, not taking 

good care of yourself by not taking TB treatment will lead to developing other diseases or death. 

Feedback reminders from the wisepill technology encouraged the participants to take their TB 

treatment. Participants felt that the technology was helpful whenever they forgot to take their 

medication. In essence, the wisepill box helped participants not to skip taking medication and to take 

it on time. Participants, however, had mixed reactions to missing a dose in the absence of reminder 

messages. Many of the participants mentioned that they would have taken their medication in the 

absence of reminders, although not at the committed, scheduled time. Others felt that they would have 

skipped taking their medication in the absence of reminders. It is interesting to note that, seeing the 

wisepill box (without the alarm and SMS reminders), participants were already primed to remember 

to take their TB medication. Therefore, they would still have taken treatment at varying times and not 

at the time they committed to take their pills. 

The participants were motivated by the wisepill box to attend their scheduled clinic visits. One 

participant mentioned that he kept his clinic card inside the pillbox, and whenever he took his pills, he 

ticked off the date on the clinic card. The participants were also reminded by the orange flashing light 

from the wisepill device a day before their clinic visit. This function was pre-set for them and explained 

by the researcher at enrolment. The light flashed a day before their scheduled visit, so they knew 

automatically that they would have to go for their follow-up visit the next day. A summary of the 

subthemes that were discussed is detailed in Table 24. 
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Table 24:  

Summary of the Subthemes Relating to the Influence of Using an mHealth Tool During TB Treatment 

Theme: Influence of Using an mHealth Tool During TB Treatment 

Sub-theme  Quote  

TB treatment is lifesaving I don’t know about other people, I’ll talk for myself. I’m scared of getting sick, even if I have a headache, 

I’m just going to get bored, because I can’t work, maybe. I like to do things for myself, so TB is hurting 

my body. I was so sick in such a way that even if I cough I was bleeding, so it was bad. So I would advise 

that people should take their treatment, finish it, because when they don’t, it comes back and comes back 

worse. We were told that in the clinic, so why must you fight a losing battle? (Non-adherent Female 

participant, Sunshine). 

Because I was sick and I wanted to live (Non-adherent Female participant, Sunshine). 

Yahh, like you have to take the medication to get better (Adherent Male participant, Jabu). 

Yeah, you should have taken treatment, then you complete it, then you go(ing) back to normal (Non-

adherent Male participant, Bruce). 

Taking treatment reduces TB 

transmission  

Eh, sister, it’s very important to finish your medication because we live with other people, sister. You are 

not living by yourself, some are involved with you, and you see that their lives are at risk, and there are 

children and older people mixed up in all this (Adherent Male participant, Owen) 

Isn’t it when you are coughing, and you are sitting with other people and you do not take your treatment, 

you will end up infecting other people, and it will spread a lot in the area you are from (Non-adherent 

Male participant, Bruce). 

A major consequence of not 

taking TB treatment is death 

 So now I knew that TB would kill me. If I don’t want it to kill me, but you don’t want to die (Adherent 

Male participant, Owen). 

I think, if you are not completing your treatment, it may lead to other diseases or it makes your body 

vulnerable, yes(Non-adherent Female participant, Lilly). 

Yeah, like, obviously you are going to die; yeah, you are going to die (Non-adherent Male participant, 

Bruce).  

You can see you can read what’s the consequences, you will die because my friend that I had in Cape 

Town, she has a, I wasn’t aware of TB at the time, now she has MDR, the one that is called XDR (Adherent 

Female participant, Tee). 

Feedback reminders 

encouraged medication intake  

Erh, it was useful because … uhm … it was like it didn’t take like more than 30 minutes to remind you 

from your time of taking the pills so that you can still take the medication (Adherent Male participant, 

Jabu). 

They have helped me, my sister, even though sometimes I would miss the time, I would still take the 

medication (Non-adherent Male participant, Bruce). 

You see, the phone will tell you that you have left something behind (Adherent Male participant, Joe). 

Mixed reactions over taking 

treatment in the absence of 

feedback reminders  

That is something I was always aware of, that I have to take my medication; I was not going to forget that 

I have to take my medication (Non-adherent Male participant, Bruce). 

Yeah, I would remember but not on time... (Adherent Male participant, Billy). 

I did not see myself taking medication (Adherent Female participant, Tee). 

As I said to you, the container was in the kitchen, so every time I felt hungry, I would go to the kitchen, 

then, even if the reminder wasn’t there, I would remember by seeing the container… Yes, so if the container 

wasn’t there, then I wouldn’t remember that I have to take my meds … (Non-adherent Female participant, 

Lilly). 
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Theme: Influence of Using an mHealth Tool During TB Treatment 

Sub-theme  Quote  

mHealth technology 

motivated participants to 

attend scheduled follow-up 

visits 

There was this light, what did she say, the sister who gave me the first time, explained that the box would 

ring when you have to take your medication, and then, when the date is close, it would continuously flash 

the light, so (Adherent Male participant, Joe). 

[The participant’s family, when they saw the flashing light from the box, called her out and she mentioned 

that it meant her clinic appointment was the next day.] They will be like, Tee Tee, come, and then I explain, 

no, tomorrow is my date. (Adherent Female participant, Tee). 

[The participant, every time he takes the medication, ticks his clinic card and can see the return date for 

his follow-up visit.] That means I’m always seeing the date to come back to the clinic”(Adherent Male 

participant, Jabu). 

Yes, and I have never missed [a clinic visit], and to prove that I’m afraid of TB (Adherent Female 

participant, Mama Gee). 

 

5.2.1.3 Theme 3: Stigma and Self-efficacy 

Most participants were not embarrassed because of their TB-diagnosis status. One participant, 

however, at the beginning of TB treatment felt ashamed, emotional, and scared. Four participants 

(including the one who felt embarrassed because of his TB diagnosis) mentioned that people were 

badmouthing them about their illness. In some instances, they were being avoided for fear of being 

infected. Instead of being concerned and consumed about how others would perceive them, 

participants removed themselves from the company of these individuals, but it did not affect them. The 

focus was on finishing the treatment, getting better, and living. 

It was interesting to note that, although most participants were open about their TB status, some 

people around them thought that they were infected with HIV or even the coronavirus. Thus, they did 

not believe the participants. There were, however, a few instances when participants expressed their 

gratitude over the support and encouragement they received from their family and church members. 

Participants wanted to be cured from TB. Their self-confidence was key in completing TB 

treatment. At the beginning of the treatment, a few participants were not confident that they would be 

able to complete the six-month course of treatment. Six months for taking treatment was perceived to 

be a very long time, so much so that one participant wanted to give up and stop taking his medication. 

However, during treatment these participants received support from family members and the facility 

nurse (who initiated them on treatment) to continue taking the treatment. 

Another motivation that drove participants to complete their TB treatment and strive to live 

was the knowledge that TB is curable. This motivation helped them not to miss taking medication daily 

and to take responsibility for their lives. The participants mentioned forgetfulness and being busy 

(work-related), living alone, having no family support, and taking other chronic medication in addition 
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to TB pills (pill burden) made them not take their medication on time or visit the clinic facility as 

scheduled. A summary of the subthemes discussed is presented in Table 25. 

 

Table 25: 

Summary of the Subthemes of the Influence of Stigma and Self-efficacy During the TB Treatment 

Theme: The influence of stigma and self-efficacy during TB treatment 

Sub-theme  Quote  

Having TB is not an 

embarrassment  

No, they must know that’(s) this thing exists, and it is curable… to tell the truth, I have never felt 

embarrassed (Non-adherent Male participant, Bruce). 

No, sister, I was not feeling embarrassed at all because I had told those who I live with, it’s just that 

there are a lot of people with TB and they don’t know that they have TB, they live with it. At least I know 

because I went to the clinic, and I can be able to be on treatment. Instead of being killed by something 

that you did not even know you had, you see… its better to know your status (Adherent Male participant, 

Owen). 

Ah no I didn’t, my sister (Non-adherent Male participant, Mpilo). 

Negative treatment from 

others due to the TB illness 

I still hear the bad mouth… Yah, they will be not comfortable around you. So that’s the reason, they say, 

ahh, I have AIDS… things like corona (Adherent Male participant, Jabu). 

No, sister, they were saying bad things, saying this person is sick and stuff… yah, I was seeing and 

realising that there was a huge difference in my life… yah, saying that to my face that this person is sick 

and will infect all of us in the house. Now, eish, sister, I was also starting to believe the things they were 

saying, that I will make them sick. That is why I ended up deciding to move from their house (Adherent 

Male participant, Owen). 

I just told them I have TB and whoever decided to visit, visited; others stopped coming, they are no 

longer visiting me, and I just decided to carry on with my life (Non-adherent Male participant, Bruce). 

Oh, others thought of something else like HIV, what, what, they thought, they had in their minds, they 

didn’t even think of TB, yeah (Non-adherent Female participant, Lilly). 

Self-confidence is key for 

completing TB treatment  

Uhmm … yes, I was, because my sister had TB and got cured and she used to tell me that if I stopped 

taking the medication this and that would happen (Non-adherent Male participant, Mpilo). 

And then I didn’t hesitate to take my medication (Adherent Male participant, Jabu). 

Eish, all I wanted was to be cured"(Non-adherent Male participant, Bruce). 

No, sister, I had no confidence that I would finish the six months, I saw it as a long time…”(Adherent 

Male participant, Owen). 

Yeah, sister, what motivated me the most, there are so many people [on] medication, I’m not the only 

one … I would tell myself that I won’t be defeated by someone who takes their medication until they die. 

I can’t fail in six months, yeah (Adherent Male participant, Billy). 

[No, the patient saw that six months was a very long time and when he felt better, he wanted to stop but 

was encouraged by family members to continue and complete the treatment,] Yes, I was very sure, 

‘cause, I, I don’t give up easily, I am a fighter; they know me, even my clients, they know that if they try 

and fail, I will still try, I will try my best … (Non-adherent Female participant, Sunshine). 
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Theme: The influence of stigma and self-efficacy during TB treatment 

Sub-theme  Quote  

Knowledge of TB being 

curable made participants stay 

adherent 

I know that it can be cured (Adherent Male participant, Jabu). 

I wanted to live (Non-adherent Female participant, Sunshine). 

That’s what I wanted, to get healed and go back to normal, get my normal weight back, that’s what I 

wanted, and now I can see that at least I am getting there, some big cheeks are visible (Non-adherent 

Male participant, Bruce). 

... I wanted to make sure that I achieve a goal, neh, to finish my medication so that I can feel better... 

(Non-adherent Female participant, Lilly). 

There were people near me who also told me to keep taking the medication and not stop, encouraging 

me to keep going (Non-adherent Male participant, Mpilo). 

This thing of it ringing reminds me that, man remember, eh, you have to take your pills, this is your life, 

it’s not other people’s. You see, we are here at the clinic, they are helping you, you get me, sister… At 

the end it’s my life and I still want to live, so taking medication is the only way (Adherent Male 

participant, Owen). 

Various individual reasons for 

not remaining adherent to 

treatment  

I forget everything… Yah, you are rushing to go to work...medication can wait. It happens (Adherent 

Male participant, Jabu). 

I used to stay alone (Non-adherent Male participant, Mpilo). 

Eish, sister, you know, the family’s support, you know, it counts somewhere somehow, sister. You see, 

when you got there, yah, and there is no family there or … or someone helping you to take your treatment, 

eh, it’s not easy, sister (Adherent Male participant, Owen). 

...and then, when you count the pills that you have to take and they become a lot, it bothers me (Adherent 

Female participant, Mama Gee). 

Mhm, then maybe you starting, eish, to start to think negatively about the pills, that maybe they are the 

ones giving me a headache (Adherent Male participant, Jabu). 

I like to be busy a whole day (Adherent Female participant, Tee) 

 

5.2.1.4 Theme 4: Sustainability of Using the mHealth Tool 

The wisepill box was well integrated into the participants’ lives and formed part of their health 

management. The pillbox was helpful, contributed to participants being organised, and to consistently 

taking their TB medication on time. One participant mentioned that his treatment involvement before 

using the wisepill box was difficult; he was unable to take medication at specific times. 

The pillbox empowered participants to keep moving through providing support during their 

treatment journey. It also instilled a sense of hope and a reason to live. The support from the pillbox 

promoted patient-centred care. As a result, this support created a positive health outlook and increased 

the progress experienced by participants. The nurses were also pleased about the participants’ progress 

with their treatment. 
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Although the pillbox was helpful, the participants mentioned a few suggestions that could be 

added to the device to enhance the end-user experience. They suggested that the pillbox should come 

in a variety of colours, it needed to have spacious compartments to fit all the monthly pills, to lower 

the volume of the alarm (as it was too loud for some participants) and, to have a Bluetooth-enabled 

feature that could connect to the phone to play music (to set the music as alarm). 

A minor challenge was identified with using the wisepill box by two participants. The devices 

were malfunctioning owing to network and connectivity issues. This challenge affected 

communication with the server. Participants reported receiving reminder messages even after they 

opened the pillbox. For another participant, the alarm did not ring at the scheduled time. 

The majority of participants recommended the use of the wisepill technology. The most important 

emphasis was that it helped participants to keep track of their treatment, not to skip taking their 

medication daily, and to take their medication on time, as prescribed. The pillbox was seen as a 

supportive tool that could also be used by other patients on chronic medication, for them to take their 

treatment regularly and on time. A summary of the subthemes discussed is detailed in Table 26. 

Table 26: 

Summary of the Subthemes Illustrating the Sustainability of Using the Wisepill Box Technology 

Theme: Sustainability of the mHealth technology 

Sub-theme  Quote  

It was part of my life  It rings, I’m going to take my pills. I didn’t hide those pills when I take them, I didn’t hide them out…that’s 

why I took it everywhere … everywhere I go, it was part of my life (Adherent Female participant, Tee). 

No, it didn’t, it didn’t disrupt anything (Adherent Male participant, Jabu). 

… because the box was here, I was adherent and took them on time. I would take them at 7 (Adherent 

Female participant, Mama Gee). 

No, it fitted perfectly, sister. You know, I never had a problem because in the end it was helping me to 

overcome my problems of not taking my medication… To never forget to take my pills on time on any day, 

Now I love it (Adherent Male participant, Owen). 

Oh, yes, yes ‘cause sometimes we are not organised, you see. So having this lunchbox made you organised 

and you know where to put your medication.,It makes things easier and, yeah…it made things easier. (Non-

adherent Female participant, Lilly). 

Before the box it was difficult (Non-adherent Male participant, Mpilo). 

No, to be honest, I did not take the medication at the same time; there were differences in time (Non-adherent 

Male participant, Bruce). 
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Theme: Sustainability of the mHealth technology 

Sub-theme  Quote  

Pill box empowered 

participants to keep moving  

But when the box was introduced to me and then I saw hope and felt that hope… because I know that on my 

side there is this … erh support, yah, this support, even if it doesn’t talk; it doesn’t have a mouth to talk but 

it has its own way to communicate (Adherent Female participant, Tee). 

Every time I say this baby was a hope; each and every day there was a hope, then it pushed me and then till 

now (Adherent Female participant, Tee). 

[Participant reported that his health progress was positive and the nurse was very happy.] Yeah, very very 

happy, everyone was happy (Non-adherent Male participant, Bruce). 

[The participant felt that she was in control of her health] Yah, just in control (Adherent Female participant, 

Tee). 

I don’t know how to explain it, but I felt empowered, I think (Non-adherent Female participant, Lilly). 

Personalising the pill box  I think, if it was possible, just that I don’t know if it’s possible though, I would want to be connected to my 

phone, more like a phone, so that I can change the ringtone, so you just go to the app … ye, pill box, and 

change yeah… One thing I would change with the alarm, maybe rather people have a choice of the music, 

choose the song you like … maybe I will add shelves because I had to cut some pills like strips, I will put 

maybe fours, and usually I would like to pack my wardrobe (a) [to] be neat. So, I would just add shelves, 

yeah (Non-adherent Female participant, Sunshine). 

Sound you know, put gospel, you know… Bluetooth (wiser), and send via Bluetooth, you know, yeah, you get 

me, connect with Bluetooth when it rings, the alarm it would ring on this side as well, you see (Adherent 

Male participant, Billy). 

The size,’cause sometime they would give us medication, you see, and you find that sometimes there’s more 

that could fit the box, sometimes when you put them inside the box, they would not all fit in there. So, the 

size, I could say that it was small (Adherent Male participant, Joe). 

A highlighted barrier of 

using the pill box was 

network connection issues 

[When the pill box started to malfunction, connection issues were experienced. It showed all the lights and 

the alarm was not ringing, like it’s supposed to, even after replacing the batteries.] It’s that it didn’t want to 

ring properly (Adherent Female participant, Tee). 

Yes, and when it’s about half an hour, then close it but when you close it, same time it will ring the whole 

night… there was a time it did not ring properly and on time (Adherent Female participant, Mama Gee). 

Recommendation to use the 

pill box 

Because they will never miss time [to take medication] (Adherent Male participant, Jabu). 

... that you take your treatment like, correctly and on time, yeah (Non-adherent Female participant, 

Sunshine). 

No, I would tell them, sister, that no, take this box man, it works and it helps … Yeah, somewhere somehow 

it makes things simple even on the patient to keep track of taking their treatment right (Adherent Male 

participant, Owen). 

Yah, so it … normally 100%; it’s very helpful and I guarantee with it (Adherent Female participant, Tee) 

Yeah, because it makes sure that medication is taken on time, go accordingly, so that at least you do not 

miss your medication by more than an hour… (Non-adherent Male participant, Bruce). 

Yahh, sister, it’s something that helped me, it will help them too, even if you sleep after you have forgotten, 

it will ring … ti ti ti … continue to ring until you remember to take your pills"(Non-adherent Male 

participant, Mpilo). 

A summary of major themes from qualitative information, which outlines codes, subthemes, 

and quotes used are presented in Table 27 to answer the secondary research question 
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Table 27:  

Summary of Qualitative Findings Organised Into Codes, Themes, Subthemes, and Sample Quote Developed by Author in 

January 2023 

Theme 1: End-user experiences 

Codes Subthemes Sample quote 

Box representation The pillbox was a companion 

during TB treatment 

It reminds me of my life… Yes, it gave me life (Adherent Female 

participant, Mama Gee). 

Using the wisepill box Usability of the pillbox Because sister, you see because somewhere somehow this thing angered 

me for ringing and making noise (Adherent Male Participant, Owen). 

Usefulness of the wisepill 

box 

The pillbox was helpful in 

participants taking medication 

every day 

… it’s like, it was really useful, the way I used to see it, its like, it used to 

update me to take my medication on time (Non-adherent Male participant, 

Bruce). 

Feeling of being 

monitored 

Feelings of being monitored 

remotely 

I feel like being monitored by a professional person who is a, who’ve got 

a right to tell me what to do, not somebody, not person from outside. I think 

that person will be judging me…And then the wanna make sure, they not 

like being on top of my neck you know...that my health is till fine, so I didn’t 

like mind anything (Adherent Male participant, Jabu) 

Theme 1: End-user experiences 

Codes Subthemes Sample quote 

Reactions to the 

wisepillbox  

A general positive reaction to 

the Wisepill box 

They were surprised, but then they were happy that something could help 

me, they were so supportive, like even with my brother-in-law, he was like 

let me get this box, he took my pills for me, he closed you see, he said don’t 

forget (Non-adherent Female participant, Sunshine) 

Storage strategies  Varied storage strategies I keep it just here close to the TV (Adherent Female participant, Mama 

Gee). 

Wisepill box appropriate 

for use by TB patients 

Pillbox is suitable for anyone 

taking treatment 

Yes, it is very appropriated because most of people they default (Adherent 

Female participant, Tee). 

Theme 2: The influence of using mHealth tool during TB treatment 

Codes Subthemes Sample quote 

Importance of completing 

TB treatment 

TB treatment is lifesaving 

 

Taking treatment reduces TB 

transmission 

Because I was sick, and I wanted to live (Non-adherent Female 

participant, Sunshine). 

Eh, sister, it’s very important to finish your medication because we live 

with other people sister. You are not living by yourself, some are involved 

with you, and you see that their lives are at risk, and there are children 

and older people mixed up in all this (Adherent Male Participant, Owen) 

Consequences of not 

completing TB treatment 

A major consequence of not 

taking TB treatment is death 

So now I knew that TB would kill me if I don’t want it to kill me, but you 

don’t want to die (Adherent Male Participant, Owen). 

Reminder messages useful Feedback reminders 

encouraged medication intake  

They have helped me my sister, even though sometimes I would miss the 

time, I would still take the medication"(Non-adherent Male participant, 

Bruce). 
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Theme 2: The influence of using mHealth tool during TB treatment 

Codes Subthemes Sample quote 

Absent reminder 

messages -would you have 

taken pills on that day 

Mixed reactions over taking 

treatment in the absence of 

feedback reminders 

Yeah, I would remember but not on time... (Adherent Male Participant, 

Billy). 

I did not see myself taking medication (Adherent Female participant, 

Tee). 

Motivation from the 

pillbox to attend clinic 

follow-up visits 

mHealth technology 

motivated participants to 

attend scheduled follow-up 

visits  

Yes, and I have never missed [clinic visit], and to prove that I’m afraid of 

TB (Adherent Female participant, Mama Gee). 

Theme 3: Stigma and self-efficacy 

Codes Subthemes Sample quote 

Feelings of 

embarrassment because of 

TB 

Having TB is not an 

embarrassment 

No, they must know that’s this thing exists, and it is curable… to tell the 

truth, I have never felt embarrassed (Non-adherent Male participant, 

Bruce). 

People’s treatment after 

your TB diagnosis 

Negative treatment from 

others due to the TB illness 

Oh, others thought of something else like HIV, what, what, they thought, 

they had in their minds, they didn’t even think of TB, yeah (Non-adherent 

Female participant, Lilly). 

Theme 3: Stigma and self-efficacy 

Codes Subthemes Sample quote 

Confident on completing 

TB treatment at the start 

of treatment 

Self-confidence is key 

towards completing TB 

treatment 

Yeah, sister what motivated me the most, there are so many people 

medication, I’m not the only one…I would tell myself that I won’t be 

defeated by someone who takes their medication until the die. I can’t fail 

in 6 months, yeah (Adherent Male Participant, Billy). 

Reasons for staying 

adherent to TB 

medication over time 

Knowledge of TB being 

curable made participants stay 

adherent  

I know that it can be cured (Adherent Male participant, Jabu). 

Reasons for not staying 

adherent to TB 

medication over time 

Various individual reasons for 

not remaining adherent to 

treatment 

I forget everything… Yah you are rushing to go to work...medication can 

wait it happens (Adherent Male participant, Jabu). 

Theme 4: Sustainability of using the mHealth tool 

Codes Subthemes Sample quote 

Value of using wisepill 

box in everyday life 

It was part of my life No, it fitted perfectly sister you know, I never had a problem because in 

the end it was helping me to overcome my problems of not taking my 

medication… To never forget to take my pills on time on any day, Now I 

love it (Adherent Male Participant, Owen). 

Involvement in own 

healthcare before and 

after using the pill box 

It was part of my life  Before the box it was difficult (Non-adherent Male participant, Mpilo). 

Feelings of empowerment 

when using the pill box 

Pill box empowered 

participants to keep moving 

Every time I say this baby was a hope each and every day there was a hope 

then it pushed me and then till now (Adherent Female participant, Tee) 
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Theme 4: Sustainability of using the mHealth tool 

Codes Subthemes Sample quote 

Suggestions to personalise 

the pill box 

Personalising the pill box I think, if it was possible, just that I don’t know if it’s possible though, I 

would want to be connected to my phone, more like a phone, so that I can 

change the ringtone, so you just go to the app ye pill box and change 

yeah… One thing I would change with the alarm maybe rather people have 

a choice of the music, choose the song you like… maybe I will add shelves 

because I had to cut some pills like strips, I will put maybe fours, and 

usually I would like to pack my wardrobe a be neat. So, I would just add 

shelves, yeah (Non-adherent Female participant, Sunshine). 

Barriers of using the pill 

box 

A highlighted barrier of using 

the pill box is network 

connection issues 

Yes, and when it’s about half an hour, then close it but when you close it 

same time it will ring the whole night… there was a time it did not ring 

properly and on time (Adherent Female participant, Mama Gee). 

Recommendation to use 

the device 

Recommendation to use the 

pill box 

Yahh sister it’s something that helped me, it will help them too, even if you 

sleep after you have forgotten, it will ring ti ti ti continue to ring until you 

remember to take your pills (Non-adherent Male participant, Mpilo). 

 

5.3 INTEGRATION OF QUANTITATIVE AND QUALITATIVE RESULTS: USING JOINT 

DISPLAYS 

The researcher derived four main findings from the quantitative data analysis. The qualitative results 

were added to elaborate on and interpret the findings from the quantitative phase. Joint displays were 

used to optimise the visual presentation of the integration of the quantitative and qualitative findings. 

The summaries of the integrated results are illustrated in Table 28 and Table 29 The weaving technique 

used to present main findings in the narrative form is presented as follows: 

Main finding 1:  

Supportive feedback reminders from wisepill technology does not increase adherence over time. 
 

Quantitative: Feedback reminders from wisepill technology did not increase adherence over 

time. Although there was a significant increase of adherence from visit 1 to visit 2 (rank-sum at visit 

1 = 9700.5; rank-sum at visit 2=20407), (p =.002 two-tailed), the trend decreased from visit 2 to visit 

6. Despite this decrease, the study observed a significant increase over time between visit 2 to visit 4 

because the sum-rank scores were higher than the rank-sum score at visit 1. The Cochran-Armitage 

test indicated insignificant increase for visit 5 and visit 6 because the rank-sum scores were less than 

the rank-sum score from visit 1 (rank-sum at visit 5=11915.5), (p =.075 two-tailed) and at visit 6 (rank-

sum=11214.0), (p =.0529 two-tailed). 
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Qualitative: From the qualitative findings, patients reported that the feedback reminders 

encouraged medication intake. The participants appreciated the reminder SMS messages from the 

wisepill technology. They found the technology to be helpful in reminding them to take their TB 

medication and to keep them on track. “Yes, it is very appropriate because most of people, they 

default” (Adherent Female participant, Tee). There were mixed reactions over taking treatment in the 

absence of feedback reminders. While some patients believed that they would have taken the 

medication, others mentioned that they would not have done so. One patient who felt ashamed when 

she did not take medication was reminded by the wisepill technology to take her medication. If the 

pillbox reminders were not available, she would have forgotten to take the medication at the right time. 

“Yeah, I would remember but not on time...” (Adherent Male participant, Billy). “I did not see myself 

taking medication” (Adherent Female participant, Tee). 

Comparison and integration: Although at face value the quantitative and qualitative 

components seem to contradict each other, the findings were interpreted to highlight reasons behind 

the changes in pattern observed at each respective time point/phase of treatment. Thus, the input 

derived from the qualitative results expanded the study’s understanding of the trend analysis and the 

Cochran-Armitage test, which were used to highlight significant increases in medication adherence (at 

visit 1 to 4) and insignificant increases (at visit 5 to 6). This ultimately led to the conclusion that 

supportive feedback reminders from wisepill technology did not increase adherence over the six 

months’ duration of TB treatment. However, it reminded the patients to take their TB medication 

timely. 

Main finding 2: 

There was a statistically significant difference between wisepill technology scores and other 

subjective adherence scores. 
 

Quantitative: Overall, adherence scores from wisepill technology differed significantly from 

all subjective adherence scores (three-item adherence, patient self-reporting on completing all TB 

medications, and patient self-reporting on missed dose(s)). Using Kruskal-Wallis and Mann-Whitney 

Wilcoxon tests, the study found significant differences in patient self-reporting on completing all TB 

medications and patient self-reporting on missed dose(s) scores at all the visits (P <0.05) respectively. 

For the three-item adherence measure (i.e., second item), the study found significant differences 

amongst all the scores at all the visits (P <0.05). Scores from the third item, compared to the rate of 

wisepill intake, also differed significantly at visit 1, 2, 3, and 4 (P <0.05) respectively. However, visit 

5 and visit 6 had insignificant differences (P>0.05). 
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Qualitative: The participants were knowledgeable about the consequences of not taking TB 

treatment. This knowledge motivated them to strive to adhere to taking treatment and ultimately 

complete their treatment. “So, now I knew that TB would kill me. If I don’t want it to kill me, but you 

don’t want to die” (Adherent Male participant, Owen). There were, however, individual reasons that 

were identified for not remaining adherent to treatment. One participant mentioned the following: 

“Mhm, then maybe you starting … eish … to start to think negatively about the pills, that maybe they 

are the ones giving me a headache” (Adherent Male participant, Jabu). 

Comparison or integration: Study patients who used wisepill technology self-reported high 

adherence. However, when testing their self-reported information against the rate of wisepill intake 

scores, the study found major variation between the two measures of adherence at all the recorded 

visits. Kruskal-Wallis and Mann-Whitney Wilcoxon tests determined that there was a statistically 

significant difference in subjective adherence scores from patients’ self-reports on completing 

treatment and not missing a dose versus the rate of wisepill intake (P <0.05 at all 6 visits). Qualitative 

findings revealed that although participants knew about the consequences of not taking TB treatment, 

this did not automatically translate into participants’ following the treatment. Multiple reasons were 

identified that contributed to participants’ not remaining adherent to TB treatment. In this context, it 

may have been that participants provided responses that corresponds with the way the researcher wants 

them to be responded, rather than respond naturally (i.e. response bias). In addition, being 

knowledgeable about TB and knowing the purpose of the study may have influenced the participants’ 

responses. The latter expanded the study’s understanding of why it observed the difference between 

wisepill technology scores and other subjective adherence scores. The aforementioned statistical 

difference therefore demonstrates the difference between self-report measures of adherence and other 

subjective measures of adherence. 

Main finding 3: 

Adherence scores from wisepill technology predicted overall TB treatment outcomes. 
 

Quantitative: The study’s findings revealed that patients who were adherent (scored 80% and 

above), according to wisepill technology (OR 3.93; 95% CI 1.95, 5.91; p = 0.001), were 3.93 times 

more likely to have successful TB outcomes compared to those who were non-adherent (scored less 

than 80%). Therefore, adherence to TB treatment from wisepill technology was significantly 

associated with overall TB treatment outcome. 

Qualitative: The wisepill technology was part of the participants’ lives. It had value and was 

seen as a companion. The wisepill box reminded them to take their medication. One participant said 

the following: “It reminds me of my life … Yes, it gave me life” (Adherent Female participant, Mama 
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Gee); “Yeah, to, every time when I saw it, I saw that, okay, I am comforted to drink, you will be 

alright… Yes, it was more like a friend” (Non-adherent Female participant, Sunshine). 

Comparison or integration: Using the bivariate logistic regression model, the study was able 

to ascertain that adherence scores from wisepill technology predicted overall TB treatment outcomes. 

Qualitative findings supported the results obtained, with participants confirming that wisepill 

technology was integrated in their lives as a companion and was there to support their medication 

intake. 

Main finding 4: 

Stigma and self-efficacy predicted overall TB treatment outcomes even when reminders from 

wisepill technology are added. 
 

Quantitative: The study found that stigma (both internalised and enacted) and self-efficacy 

predicted TB treatment outcomes even when reminders from wisepill technology were added. There 

was a significant association between internalised stigma and TB treatment outcomes (OR 2.61; 95% 

CI 1.30, 5.23; p = 0.007) with a low negative association between the variables, lower levels of 

internalised stigma experienced by patients was associated with high levels of TB treatment outcomes. 

Similarly, enacted stigma was significantly associated with TB treatment outcome (OR 2.91; 95% CI 

1.28, 6.62; p = 0.011), with a low negative association between the variables in that lower levels of 

enacted stigma experienced by patients were associated with higher levels of TB treatment outcomes. 

A significant association was observed between extreme self-efficacy experience and overall TB 

treatment outcome (OR 1.63; 95% CI 1.39, 1.92; p = 0.001). 

Qualitative: Most of the participants in the study mentioned that having TB was not an 

embarrassment for them, despite receiving some negative treatment from others owing to this illness. 

One participant specifically mentioned being misdiagnosed by people, with them saying that he had 

AIDS or the coronavirus. However, participants knew that they would become healthy if they took 

their medication as prescribed. Self-confidence was their key to completing their TB treatment. The 

following was said: “ No, they must know that’(s) this thing exists, and it is curable … to tell the truth, 

I have never felt embarrassed” (Non-adherent Male participant, Bruce). “Yeah, sister, what motivated 

me the most, there are so many people on medication, I’m not the only one … I would tell myself that 

I won’t be defeated by someone who takes their medication until they die. I can’t fail in six months, 

yeah” (Adherent Male participant, Billy). 

Comparison or integration: Using the bivariate logistic regression model, the study was able 

to ascertain that both stigma and self-efficacy predicted overall TB treatment outcomes even when 
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reminders from wisepill technology were added. Patients who participated in the study were more 

likely to have successful treatment outcomes when they experienced low internal stigma, low enacted 

stigma, and identified with higher self-efficacy compared to fair levels of or not having self-efficacy. 

Qualitative findings expanded on the results observed, that patients who experienced low levels of 

stigma and high levels of self-efficacy were more likely to have favourable TB treatment outcomes. 

 

Table 28:  

Summary Table Highlighting Major Findings from Integrated Quantitative and Qualitative Data Developed by Author in 

January 2023 

Joint display of the integrated quantitative and qualitative data Outcomes 

Main finding 1: Supportive feedback reminders from wisepill technology does not increase adherence over time. 

• A significant increase of adherence was observed from visit 1 to visit 2 (rank-sum at visit 1 = 9700.5; rank-sum at 

visit 2=20407; p=.002 two-tailed) and between visit 2 to visit 4 (i.e., the sum-rank scores were higher than rank-sum 

score at visit 1). 

…Yes, it is very appropriate because most of people they default (Adherent Female participant, Tee). 

• Insignificant increase for visit 5 (Rank-sum at visit 5=11915.5, p =.075 two-tailed) and visit 6 (Rank-sum=11214.0, 

p =.0529 two-tailed) was also observed because the rank-sum scores were less than the rank-sum score from visit 1. 

…I did not see myself taking medication" (Adherent Female participant, Tee).."Yeah, I would remember but not on time... 

(Adherent Male Participant, Billy). 

Expansion 

Main finding 2: There was a statistically significant difference between wisepill technology scores and other 

subjective adherence scores. 

• Overall, adherence scores from wisepill technology compared to all subjective adherence scores [i.e., three-item 

adherence, Patient self-reporting on completing all TB medications, and Patient self-reporting on missed dose(s)] 

differed. 

• The study found significant differences (P <0.05) in patient self-reporting on completing all TB medications, in patient 

self-reporting on missed dose(s), in the three-item adherence measure (i.e., second item), and in the three-item 

adherence measure (i.e., third item at visit 1,2,3, and 4). 

…So now I knew that TB would kill me. If I don’t want it to kill me, but you don’t want to die (Adherent Male Participant, 

Owen) 

…Mhm then maybe you starting eish to start to think negatively about the pills that maybe they are the ones giving me a 

headache (Adherent Male participant, Jabu). 

Confirmation 

& Expansion 

Main finding 3: Adherence scores from wisepill technology predicted overall TB treatment outcomes. 

• Adherence to TB treatment from wisepill technology was significantly associated with overall TB treatment outcome. 

• Adherent patients (i.e., scored 80% and above) according to wisepill technology (OR 3.93; 95% CI 1.95, 5.91; 

p = 0.001) were 3.93 times more likely to have successful TB outcomes compared to those who were non-adherent 

(i.e., scored less than 80%). 

...It reminds me of my life… Yes, it gave me life (Adherent Female participant, Mama Gee);" 

Yeah, to, every time when I saw it, I saw that okay I am comforted that drink, you will be alright… Yes, it was more like a 

friend (Non-adherent Female participant, Sunshine); Before the box it was difficult (Non-adherent Male participant, 

Mpilo). 

Confirmation 
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Joint display of the integrated quantitative and qualitative data Outcomes 

Main finding 4: Stigma and self-efficacy predicted overall TB treatment outcomes even when reminders from 

wisepill technology are added. 

• Stigma (both internalised and enacted) and self-efficacy predicted successful TB treatment outcomes even when 

reminders from wisepill technology are added. 

• There was a significant association between stigma and TB treatment outcomes; internalised stigma (OR 2.61; 95% 

CI 1.30, 5.23; p =0.007) and enacted stigma (OR 2.91; 95% CI 1.28, 6.62; p =0.011). 

• A significant association was observed between extreme self-efficacy experience and overall TB treatment outcome 

(OR 1.63; 95% CI 1.39, 1.92; p =0.001). 

…No, they must know that’s this thing exists, and it is curable… to tell the truth, I have never felt embarrassed (Non-

adherent Male participant, Bruce); I still hear the bad mouth… Yah they will be not comfortable around you. So that’s 

the reason, they say ahh I have AIDS… Things like Corona (Adherent Male participant, Jabu). Yeah, sister what motivated 

me the most, there are so many people on medication, I’m not the only one…I would tell myself that I won’t be defeated 

by someone who takes their medication until they die. I can’t fail in 6 months, yeah (Adherent Male Participant, Billy). 

Confirmation 

 

Table 29:  

Summary of Integrated Quantitative and Qualitative Results Using Joint Displays Developed by Author in January 2023 

Understanding the usability of an mHealth tool to support medication adherence schedules in newly diagnosed TB patients 

Quantitative observations Qualitative themes and/quotes Outcomes 
 

Main finding 1: Supportive feedback reminders from wisepill technology 

does not increase adherence over time. 

 

 

There was a significant increase in adherence from visit 1 to visit 2. The trend 

decreased from visit 1 to visit 6, although it was not significant (p>0.05). A 

significant increase was observed for visit 2 to visit 4. 

 

An insignificant increase for visit 5 and visit 6 was observed (the rank-sum 

scores were smaller than the rank-sum score of visits 1). Gender differences 

between males and females were identified when comparing the decline in 

adherence. A steep decline was observed in females from visit 2 to visit 6 

compared to males, whose decline in adherence was significant only at visit 6. 

 

 

 

 

Erh, it was useful because, uhm, it was 

like it didn’t take, like, more than 30 

minutes to remind you from your time of 

taking the pills so that you can still take 

the medication (Adherent Male 

participant, Jabu). 

 

As I said to you, the container was in the 

kitchen, so every time I felt hungry, I 

would go to the kitchen, then even if the 

reminder wasn’t there, I would 

remember by seeing the container … 

Yes, so if the container wasn’t there, 

then I wouldn’t remember that I have to 

take my meds … (Non-adherent Female 

participant, Lilly). 

 

 

 

 

Expansion 
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Understanding the usability of an mHealth tool to support medication adherence schedules in newly diagnosed TB patients 

Quantitative observations Qualitative themes and/quotes Outcomes 

 

 

 

 

 

Main finding 2: There was a statistically significant difference between 

wisepill technology scores and other subjective adherence scores. 

 

 

Participants in the study who used wisepill technology self-reported high 

adherence, although, when testing their self-reported information against the 

rate of wisepill intake scores, the study found great variation between the two 

measures of adherence in most, if not all, recorded visits. 

 

 

 

 

 

 

 

 

So now I knew that TB would kill me if I 

don’t want it to kill me, but you don’t 

want to die (Adherent Male 

participant, Owen). 

 

... I wanted to make sure that I achieve a 

goal, neh, to finish my medication so that 

I can feel better... (Non-adherent 

Female participant, Lilly) 

 

I forget everything … Yah, you are 

rushing to go to work...medication can 

wait it happens (Adherent Male 

participant, Jabu) 

 

...and then, when you count the pills that 

you have to take and they become a lot, 

it bothers me (Adherent Female 

participant, Mama Gee). 

 

 

 

 

 

 

 

 

 

Confirmation 

& 

Expansion 

 

Main finding 3: Adherence scores from wisepill technology predicted 

overall TB treatment outcomes. 

 

The study’s findings revealed that patients who were adherent (compliant) 

according to wisepill technology (OR 3.93; 95% CI 1.95, 5.91; p < 0.05) were 

3.93 times more likely to have successful TB outcomes compared to those who 

were non-adherent (noncompliant). Adherence to TB treatment from wisepill 

technology was significantly associated with overall TB treatment outcome. 

 

 

 

 

 

 

It represent my health that I have to be 

motivated to take my treatment on time… 

(Adherent Male participant, Billy). 

 

… it rings, I’m going to take my pills. I 

didn’t hide those pills … I took it 

everywhere … everywhere I go. It was 

part of my life (Adherent Female 

participant, Tee). 

 

No, it fitted perfectly, sister. You know, I 

never had a problem because in the end 

it was helping me to overcome my 

problems of not taking my medication … 

To never forget to take my pills on time 

on any day. Now I love it (Adherent 

Male participant, Owen) 

 

 

 

 

Confirmation 
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Main finding 4: Stigma and self-efficacy predicted overall TB treatment 

outcomes even when reminders from wisepill technology are added. 

 

There was a significant association between internalised stigma and TB 

treatment outcomes (OR 2.61; 95% CI 1.30, 5.23; p = 0.007). 

 

Enacted stigma was also significantly associated with TB treatment outcome 

(OR 2.91; 95% CI 1.28, 6.62; p = 0.011). 

 

A significant association was observed between extreme self-efficacy 

experience and overall TB treatment outcome (OR 1.63; 95% CI 1.39, 1.92; 

p =0.001). 

 

No sister I was not feeling embarrassed 

at all because I had told those who I live 

with. It’s just that there are a lot of 

people with TB, and they don’t know that 

they have TB … I can be able to be on 

treatment. Instead of being killed by 

something that you did not even know 

you had, you see … it’s better to know 

your status (Adherent Male 

participant, Owen) 

 

I just told them I have TB and whoever 

decided to visit, visited; others stopped 

coming, they are no longer visiting me, 

and I just decided to carry on with my 

life (Non-adherent Male participant, 

Bruce) 

 

And then I didn’t hesitate to take my 

medication (Adherent Male 

participant, Jabu) 

 

Eish, all I wanted was to be cured (Non-

adherent Male participant, Bruce) 

 

Confirmation 

 

5.4 CONCLUSION 

The results outlined in this chapter were organised around the quantitative and qualitative research 

aims of this study to determine the influence of mHealth feedback reminders on TB patients’ 

medication adherence, given the effect of stigma and self-efficacy on adherence. 

The researcher derived four main findings from the quantitative data analysis, which she 

integrated with the qualitative results to highlight whether they expanded and/or confirmed what was 

observed. The findings were as follows: 

• Supportive feedback reminders from wisepill technology did not increase adherence over 

time; 

• There was a statistically significant difference between wisepill technology scores and 

other subjective adherence scores; 

• Adherence scores from wisepill technology predicted overall TB treatment outcomes; and 
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• Stigma and self-efficacy predicted overall TB treatment outcomes even when reminders 

from wisepill technology were added. 

The findings are discussed in relation to extant literature in Chapter 6, along with the limitations of the 

present study and recommendations for future research. 
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CHAPTER 6: DISCUSSION OF STUDY FINDINGS 

In this chapter the findings are collated and presented in the context of existing literature. The first 

section offers an overview of the findings in relation to previous research. The findings are also 

interpreted from the perspective of pragmatism and the health belief model. The chapter concludes 

with an overview of the study’s limitations and recommendations as well as an indication of the 

significance of the research. 

6.1 USABILITY OF AN MHEALTH TOOL IN SUPPORTING MEDICATION ADHERENCE 

Using a mixed-methods research approach enhanced the validity of the study’s results (Creswell, 2014; 

2015; Creswell & Creswell, 2017; Johnson & Onwuegbuzie, 2004). Incorporating both quantitative 

and qualitative data contributed to a more detailed understanding of the value of using an mHealth tool 

in the treatment of TB. The researcher compared the results of the study with those of previous studies 

to contextualise the importance of the research. 

6.1.1 Supportive Feedback Reminders From Wisepill Technology do not Increase Adherence 

Over Time 

The study concluded that supportive feedback reminders from wisepill technology does not increase 

adherence over the six months’ TB treatment duration. This conclusion was supported by explanations 

derived from the qualitative results, which expanded the study’s understanding of the trend analysis 

and Cochran-Armitage test, which indicated a downward trend in medication adherence from visit 2 

to visit 6. A meta-analysis study of 11 projects across 10 high tuberculosis-burdened countries, 

including South Africa, on the time-trend analysis of TB treatment, using digital adherence 

technologies, reported similar trends. The proportion of DS-TB patients with ≥90% adherence declined 

from 79.9% in month 1 to 70.8% in month 6, signifying a decrease in adherence over time (de Groot 

et al., 2022). 

In this study, significant increases between visit 1 and visit 4 were observed, but they were 

followed by a decrease at visit 5 and visit 6. It has been argued that patients tend to have lower 

adherence in their continuation phase (last four months) of treatment compared to the intensive phase 

(first two months) as they feel that they are getting better. Therefore, the TB treatment phase has an 

influence on adherence (Mekonnen & Azagew, 2018; Stagg et al., 2020). Gashu et al. (2021) argue 

that the continuation phase of TB treatment is mainly patient-centred and daily medication-taking is 

supposed to be supported by the community (family, relatives, neighbours, and community health 

workers). 
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Essentially, the use of the pillbox technology strengthens participants’ adherence, but it does 

not change adherence patterns linked to the stage of illness. The six months’ treatment duration was 

supported by the pillbox, which functioned as a reminder and a motivator for participants to take their 

medication. Participants mentioned that the pillbox motivated them to follow up on their scheduled 

clinic visits. Similar findings were shared by Musiimenta et al. (2023), that wisepill was useful in 

reminding and motivating participants to take their medication. In addition, using real-time adherence 

monitoring linked to SMS reminders creates the potential for intervening prior to the development of 

treatment failure and/or drug resistance (Musiimenta et al., 2023). However, in this study, participants 

had mixed feelings regarding taking the medication if the reminders were absent. In the end, the pillbox 

helped participants to keep taking their medication on time, as prescribed. There were no differences 

between the adherent and non-adherent patients in terms of their attitudes towards using the pillbox. 

Other potential reasons for the decrease in adherence over time includes patients who suffer 

side effects (which may result in treatment discontinuation), or inversely, they experience fewer 

symptoms during the continuous phase and interpret this as their being cured (El-Muttalut & Khidir 

Elnimeiri, 2017; Gashu et al., 2021; Nour El Din et al., 2013). This results in patients becoming less 

eager to take medication. Illness cognitions play an influential role in participants’ personal theories 

about the duration of the treatment and experiencing symptoms. The Alhazami et al. (2020) and Do et 

al. (2019) studies demonstrate that the novelty of the digital technology diminishes for patients. For 

example, in the beginning, patients are comfortable with using the digital technology (as they can use 

it better); however, thereafter the usually observed adherence pattern occurs, namely a decrease in 

adherence from the intensive phase to the continuation phase (Alhazami et al., 2020; Do et al., 2019). 

Disengagement from the technology does not necessarily reflect suboptimal medication intake 

(Drabarek et al., 2019; Haberer & Subbaraman, 2020; Mohammed et al., 2012; Mohammed et al., 

2016). Primarily, the pattern of TB treatment and adherence influences medication use. Additional 

reasons for a decline in adherence, despite using the wisepill technology, include participants not being 

confident at the beginning of treatment that they will be able to take the treatment for six months, 

forgetfulness, being busy, living alone, having no family support, and the pill burden from taking other 

chronic medication in addition to pills for TB. Gashu et al. (2021) mentioned travelling away from 

home without pills as major reasons for non-adherence to TB treatment. However, this contrasts the 

study findings, in that participants who usually travelled away from home to visit their families carried 

the pillboxes along with them. Therefore, wisepill technology was useful to “rectify” some issues that 

could decrease medication intake over time (forgetfulness). A qualitative study conducted with patients 

and healthcare providers from India relating to differences in the acceptability of 99DOTS, a cell 

phone-based strategy for monitoring adherence to TB medications, found that SMS text messaging 
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reminders encouraged the habit of pill-taking and improved family involvement in TB care (Thomas 

et al., 2021). 

In this study the decline in adherence, identified when the data was stratified by gender, 

indicated that the female trend illustrated a steep decrease in adherence from visit 2 to visit 6. The male 

trend indicated a significant decrease in adherence only at visit 6. This finding demonstrates that there 

are gender differences in digital health use – a pattern related to the technology use in this case. 

However, these differences are not only complex and multifactorial, but also context dependent. It is 

therefore important to understand the reasons that the study observed different trends between males 

and females in TB medication adherence over time when using digital adherence technologies. This 

information will help in the overall development of technologies (Goswami & Dutta, 2015). This study 

did not explore this interesting finding; however, future research should explore gender differences in 

using digital health tools specific to this context. 

In relation to exploring gender differences, Liu et al. (2023) emphasised the need to better 

understand adherence patterns with using technology to improve the implementation of differentiated 

care. De Groot et al. (2022) showed results that were inconsistent with those found in this research 

study, in that DS-TB male patients showed lower adherence and a steeper decrease over time compared 

to females, a difference that was statistically significant (de Groot et al., 2022). Therefore, it is evident 

that this difference may be attributed to males being more likely to engage in risky behaviours, such 

as alcohol abuse, drug use, and smoking, which are often associated with lower adherence (Ogundele 

et al., 2016; Stop TB Partnership, 2021; Tola et al., 2017). In addition, Goswami and Dutta (2015) 

reviewed a study on technology usage and the intention to use technology from a gender perspective 

and found that gender is an influencing factor in technology adoption. Men were found to be more 

technologically adept compared to women, in the context of information technology (IT), which 

included computers, email services, and electronic data management systems (Goswami & Dutta, 

2015). The authors, however, cautioned that there were mixed results with respect to the influence of 

gender on technology adoption. 

In a few contexts, gender played a significant role in determining the intention of accepting 

new technology, although there were cases when gender differences were not observed (Goswami & 

Dutta, 2015). Understanding the reasons for gender differences in using new technologies is important 

for the adoption and overall development of technologies. The time-trend analysis presented in this 

study not only provides valuable insights, but demonstrates the complex, dynamic, and longitudinal 

patterns related to TB medication adherence among newly diagnosed TB patient on six months’ 

treatment. 
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6.1.2 Statistically Significant Difference Between Wisepill Technology Scores and Other 

Subjective Adherence Scores 

This study reported variations that occurred between wisepill technology scores and other subjective 

adherence scores. In comparison to the rate of wisepill intake, self-reported medication adherence was 

high and statistically significant for completing treatment and not missing a dose. As found in other 

studies, self-reported adherence is usually higher compared to measures from electronic monitoring 

technologies (Arnsten et al., 2001; Gaifer & Boulassel, 2019; Orrell et al., 2017; Usitalo et al., 2014) 

because patients overestimate adherence, possibly owing to social desirability bias and recall biases 

(Castillo‐Mancilla & Haberer, 2018; Koss et al., 2018). 

In addition, findings from a study conducted in Uganda on monitoring adherence to 

antiretroviral therapy among adolescents (N=702), comparing wisepill to self-reporting in predicting 

viral suppression in a cluster-randomised trial, found that wisepill indicated 79.2% of the participants 

had good ART adherence, while self-reporting on good adherence indicated 97.0% (Kizito et al., 

2022). There was 77.7% agreement between self-reporting and wisepill usage when monitoring 

adherence. However, the observed agreement between self-reporting versus viral load and wisepill 

versus viral load was lower (64.0% and 61.4%, respectively). This suggests that, although self-

reporting and the wisepill measure on adherence showed significant agreement, neither is an accurate 

predictor of virological outcome (Kizito et al., 2022). Self-reported adherence was found to be 

significantly higher in males than in females (Kizito et al., 2022). 

Qualitative findings in this research provided multiple reasons for the high self-reporting found 

compared to the wisepill measure from the quantitative findings, which expanded our understanding 

of why these differences were observed. It is not unusual to find self-reports overestimating actual 

adherence (Oates et al., 2019). Subjective measures, although they are easier to collect, are subject to 

information bias or recall bias, resulting in inadequate reliability and overestimation of adherence 

(Collaco et al., 2012). It is argued that objective and self-reported adherence tap different behavioural 

constructs and measure different phenomena (Jerant et al., 2008). Self-reports essentially measure the 

perception of adherence and reflect on a perceived sense of control (Cecere et al., 2012), self-esteem 

and self-efficacy as well as on knowledge about the prescribed treatment regimen (Modi & Quittner, 

2006). A study by Subbaraman et al. (2021) evaluated multiple tuberculosis adherence measures that 

were compared against an objective urine isoniazid metabolite testing. The idea was to measure 

whether medication had been taken. The alternative adherence measures comprised 99DOTS (a cell 

phone-based DAT), a pill estimate, four-day dose recall, and a question assessing the time of the last 

missed dose. A single, unannounced home visit was undertaken to each participant, during which time 

a urine sample was collected to be tested for INH metabolites. The study found that alternate measures 
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missed detecting at least 30% of people who were non-adherent through urine testing. Therefore, TB 

programmes need to evaluate the feasibility of integrating more accurate, objective measures with 

routine care, such as urine testing, including pillbox estimates (Subbaraman et al., 2021). 

Generally, a complex interplay exists between objective and subjective measures for 

medication adherence. Reasons for non-adherence should not only be based on personal believes, but 

also factor in the influence of social factors outside the patient’s own control (i.e., forgetfulness and 

misunderstandings) (George et al., 2016). In the context of this study, possible reasons for the 

differences observed were similar to those found in the study by Kizito et al. (2022), which includes 

participants taking their TB medication without using the wisepill device, resulting in misclassification 

bias in adherence. In addition, the technical challenges such as interruptions in signal transmission and 

failure to send a signal due to power outages and drained batteries resulted in missing data in measuring 

adherence (Kizito et al., 2022). 

6.3.3 Adherence Scores From Wisepill Technology Predicted Overall TB Treatment Outcomes 

This study’s findings determined that adherence scores derived from wisepill technology predicted 

overall TB treatment outcomes. Patients who were categorised by wisepill as adherent were 3.93 times 

more likely to have favourable TB treatment outcomes compared to non-adherent patients. Wisepill 

technology formed part of the participants’ lives through assisting them in their health management. 

The technology assisted participants in being organised and consistent about taking their TB 

medication on time. Furthermore, it provided support during their treatment journey which, as a result, 

promoted patient-centred care approach. Mukora et al. (2023) conducted 62 in-depth interviews with 

participants in local languages across three provinces in South Africa to understand acceptability of 

using the pillbox and the experience of a differentiated care approach for TB treatment adherence 

among people living with TB. The findings suggest that participants had a positive attitude towards 

the pillbox. They appreciated the reminders and were keen to live a healthier life (Mukora et al., 2023). 

Similar findings were reported from a study conducted in Uganda by Musiimenta et al. (2019). The 

researchers reported that wisepill technology was acceptable to the participants and they felt that being 

monitored enabled them to prove their commitment to adhering to treatment (Musiimenta et al., 2019). 

Literature (Manyazewal et al., 2023; Thomas et al., 2021; Wang et al., 2020) suggests that participants 

report usability and satisfaction with using the electronic medication event reminder and monitoring 

device (wisepill technology). Manyazewal et al. (2023) reported a significantly higher number of users 

likely to promote the device. Pillboxes have the potential to transform patient-centred care through 

ongoing evaluation and scaling up digital health innovations. In addition, Manyazewal et al. (2023) 

found a positive association between treatment satisfaction and medication adherence. 
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Although the reminder messages from the wisepill technology benefits end users with the 

provision of a support system that enables them to make a habit of taking their medication as scheduled, 

Lester et al. (2019) cautioned against people receiving one-way messages without an opportunity to 

respond. It needs to be kept in mind that people may feel undermined or annoyed by the frequency of 

reminders, and may potentially ignore these messages (Bardosh et al., 2017). The use of digital 

adherence technology in high-burden TB countries is critical and requires more effort from the 

technologies not only as regards their adaptation to them but also to ensure that they meet the needs 

and desires of users (Drabarek et al., 2019; Musiimenta et al., 2019; Thekkur et al., 2019; Thomas et 

al., 2020a; 2020b; Wang et al., 2019). 

In this study, some participants experienced challenges with the technology malfunctioning 

owing to network and connectivity issues. Nonetheless, they recommend the use of the wisepill 

technology. Issues of network coverage (especially when there is no electricity), with difficulties 

accessing Wi-Fi or the internet, and technical issues with the digital adherence technology platforms 

have been reported in literature (Ames et al., 1996; Guzman et al., 2023). The challenges identified in 

the study were similar to those in a study conducted by Leddy et al. (2023) in Uganda on barriers and 

facilitators to implementing a digital adherence technology for TB treatment supervision in relation to 

network issues. The barriers highlighted by Leddy et al. (2023) during the implementation related to 

participants’ experiencing limited access to electricity to charge their mobile phones to make dosing 

confirmation calls, and poor network connection. In addition, a study by Haberer et al. (2022) reported 

that the technological monitor and daily SMS generally functioned well, although excess SMSs were 

triggered, primarily owing to cellular network delays (Haberer et al., 2022). Mukora et al. (2023) 

reported that participants felt burdened by the idea of moving around with the device because of its 

size and the alarm, which could lead to disclosure of their TB status. In the study of Thomas et al. 

(2021) among multidrug-resistant TB patients (MDR-TB) in India, the issue of the large size of the 

pillbox resulted in lower acceptance of the technology. Therefore, participants chose to remove the 

medication from their device to avoid any stigma and discrimination (Thomas et al., 2021). It is 

therefore important to consider the recommendations the end users suggested for improving the design 

of the technology. After all, the success of a health technology intervention is dependent on the end 

user’s satisfaction with and the usability of the technology because it is designed to benefit their health 

and well-being (Lester et al., 2019). 

This study confirmed that adherence to TB treatment from wisepill technology was 

significantly associated with overall TB treatment outcomes. This was also concluded in a clinical trial 

study conducted by Acosta et al. (2022) in Peru on a real-time medication event reminder monitor in 

relation to the treatment outcomes. The study by Acosta et al. (2022) found improved successful 
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treatment outcomes among patients who had a real-time medication event reminder monitor versus 

those who received standard care. However, an inverse effect on the relationship between digital 

adherence technologies on TB treatment outcomes was also reported by Yoeli et al. (2019), who 

conducted a random trial in Kenya. The study observed that when using SMS reminders and an 

unstructured supplementary service data intervention, there was a reduction in poor outcomes (on 

treatment death, loss to follow up, or treatment failure) (Yoeli et al., 2019). 

6.3.4 Stigma and Self-efficacy Predicted Overall TB Treatment Outcomes Even When 

Reminders From Wisepill Technology are Added 

The study showed that both stigma and self-efficacy predicted overall TB treatment outcomes even 

when reminders from wisepill technology were added. Patients who experienced low levels of 

internalised and enacted stigma were 2.5 times more likely to have favourable TB treatment outcomes, 

compared to those who experienced high internalised and enacted stigma. The qualitative findings 

supported these quantitative results, that participants who experienced low levels of stigma and high 

levels of self-efficacy were more likely to have favourable TB treatment outcomes. 

Studies in South Africa and Zambia confirm that internalised stigma is marked by low self-

worth and that anticipated stigma impacts disclosure of a person’s status owing to the fear of negative 

reactions (Cremers et al., 2015; Murray et al., 2013). In a scoping review of health-related stigma 

outcomes for high-burden diseases in low- and middle-income countries, Kane et al. (2019) found 

similar results. High stigma was associated with decreased medication adherence. A study conducted 

by Abdisa et al. (2020) on self-stigma and medication adherence among patients with mental illness 

treated at the Jimma University Medical Center in southwest Ethiopia, found that self-stigma was a 

contributing factor to non-adherence to medication which results in increased healthcare costs (Abdisa 

et al., 2020). 

In relation to using the wisepill technology, it has been found by Cross and colleagues (2019) 

that other digital adherence tools, such as 99DOTS, offer a potentially less stigmatising opportunity 

for patients to take their medication discretely and privately compared to the pillbox (Cross et al., 

2019). In addition, this led to a potential explanation for the lower adherence observed in their projects 

using wisepill technology, as stigma can influence treatment adherence negatively (Craig et al., 2017). 

Stigma can disrupt patients’ social interactions with others, reduce general social functioning, and the 

ability to fulfil daily roles. This ultimately endangers the patients’ quality of life (Chen et al., 2021). 

Most of the participants in this study experienced low internalised and enacted stigma. This 

was evident when they expressed not being embarrassed by their TB-diagnosis status nor by 
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internalising community stigma, when some people avoided them for fear of being infected and bad-

mouthed them about their illness. Tuberculosis was perceived by participants as curable, and they 

wanted to get better and live a happy/normal/fulfilling life. Community-induced stigma was, however, 

perceived as a barrier to medication adherence. Therefore, personal health threat was a priority to 

participants; hence, they did not internalise community stigma. In addressing this threat, they diverted 

their attention to taking their TB treatment. According to LaMorte (2022), variations in a person’s 

feelings regarding barriers often lead to a cost/benefit analysis. 

Although the sample in this study was specifically selected not to include patients who have 

HIV so as to avoid the additional stigma these patients may experience, the qualitative findings 

indicated participants mentioning that people around them thought they were infected with HIV when, 

in fact, they were taking their TB treatment. Therefore, the association with HIV also increases TB 

stigma. Tuberculosis stigma is prevalent, and a recent South African study conducted across three 

districts (Ekurhuleni, Gauteng; Bojanala, North West; and uMkhanyakude, KwaZulu-Natal) found that 

the presence of TB stigmatisation is driven by the fear of the TB disease. The stigmatisation manifests 

as anticipated and internalised stigma (DeSanto et al., 2023). DeSanto et al. (2023) state that people 

are marked with the TB stigma verbally through gossip and visually through symptomatic 

identification or when accessing care at clinics (in TB-specific areas) or through ward-based outreach 

teams. Therefore, patients’ unique understanding of stigma will influence how they seek care (DeSanto 

et al., 2023). Regarding the fear of TB infection or transmission, DeSanto et al. (2023) found that both 

fear of infection and transmission were important drivers in facilitating TB stigma. It is therefore 

important for community members who often voice their concern about transmission to understand 

that, once the patient is on treatment, they are no longer able to transmit TB (DeSanto et al., 2023). 

Individuals who are ill should consequently be guided to understand the importance and need for 

adherence to their medication (Okuboyejo et al., 2018). 

In addition, the current study also demonstrates that self-efficacy predicted successful treatment 

outcomes. Study participants who reported self-efficacy in taking medication despite varying 

situations were 1.63 times more likely to have favourable TB treatment outcomes, compared to 

participants who had rated themselves fairly or who were not confident in their responses. The study’s 

findings are supported by research (Azizi et al., 2018; Gebremariam et al., 2021), which found that 

self-efficacy was the most important determinant of medication adherence among pulmonary TB 

patients. Martono et al. (2023) support the latter findings and mention that they might be related to 

patients’ self-confidence, meaning that self-confidence affected patients’ cognitive processes, enabling 

them to make quality decisions, set practical goals, and make plans to overcome obstacles and 

challenges in taking their TB medication (Martono et al., 2023). Self-efficacy is a significant predictor 
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of healthy behaviour adherence (Al Hashmi & Al Omari, 2022). Therefore, it is evident that medication 

adherence behaviour is related to self-efficacy (Okuboyejo et al., 2018). 

Self-efficacy in the study was important among the participants because it encouraged them to 

take their TB treatment because they would be cured if they did so. According to Okuboyejo et al. 

(2018), the confidence someone has in their ability to perform an action (self-efficacy) and the 

expectation that the behaviour would have a desirable result (outcome expectations) are important 

mediators of performance in medication adherence behaviour (Okuboyejo et al., 2018). In addition, 

individuals with high self-efficacy are said to be resilient and would persist in the face of setbacks 

(Martono et al., 2023). Primarily, patients with high self-efficacy are more likely to comply with taking 

their medication (Amer et al., 2018). It is therefore important to develop and implement targeted 

interventions to improve patients’ self-efficacy (Shen et al., 2020). Studies have shown that self-

efficacy can contribute significantly to patients’ disease management behaviours, such as adhering to 

medication (Náfrádi et al., 2017), seeking support (Williams & Takaku, 2011), limiting risk behaviours 

(Mahat et al., 2016), and obtaining better health outcomes through these specific behaviours (Wang et 

al., 2017). In contrast to the study’s research findings, a study conducted by Gebremariam (2021) on 

the determinants of adherence to anti-TB treatment and associated factors among adult TB patients in 

the Gondar city administration, northwest Ethiopia, showed that TB patients with high perceived self-

efficacy were less likely to be adherent to anti-TB treatment. The explanation for this finding were 

summarised as follows: 1) high self-efficacy negatively affected people’s motivation to do something 

that they had already adopted; 2) an individual’s manifestation of high self-efficacy is characterised 

by a tendency to overestimate their performance and lack of trust in the diagnoses of treatments. Thus, 

patients with high perception towards anti-TB treatments in the continuation phase felt well because 

of improved clinical signs and symptoms that were subsiding (Gebremariam, 2021). However, findings 

in the study of Akbar et al. (2020) found that adult TB patients who had high self-stigma were three 

times more likely to have low self-efficacy of treatment compliance than adult TB patients who had 

low self-stigma. 

6.2 FINDINGS ON THE PARADIGMATIC POSITION OF PRAGMATISM AND HEALTH 

BELIEF MODEL 

Adherence to medication, especially for chronic conditions, is a learnt behaviour (Unni & Bae, 2022). 

In addition, Okuboyejo et al. (2018) recognise that adherence to medication is a complex behavioural 

issue, especially in respect of long-term therapy in an outpatient setting. Therefore, theories help to 

understand and conceptualise the problem, and to develop coherent interventions that increase 

transferability (Okuboyejo et al., 2018). The current study applied a mixed-methods approach that 

attempted to develop a comprehensive understanding of the phenomenon under investigation. A 

https://pubmed.ncbi.nlm.nih.gov/?term=Gebremariam%20RB%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Gebremariam%20RB%5BAuthor%5D
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mixed-methods design, informed by the pragmatic paradigm, is useful for effective investigation of 

complex health research conditions, where the goal rests with finding a practical solution to a research 

problem (Allemang et al., 2022). Using a pragmatic paradigm approach in this research justified and 

supported the use of mixed methods to determine the influence of mHealth feedback reminders on TB 

patients’ medication adherence and to understand their experiences in using mHealth technologies. 

Furthermore, the researcher used the health belief model as the guiding principle to understand 

medication adherence among TB patients (their perceptions when it comes to making health-related 

decisions) (Azizi et al., 2018). 

Similar to a qualitative scoping review that Kvarnström et al. (2021) conducted on factors 

contributing to medication adherence in patients with a chronic condition, this study found that patients 

who adhered strictly to their medication were those who perceived the threat of this health risk to be 

serious, that they were personally susceptible (they were infected), and that they would benefit from 

taking the prescribed medication. The patients took their medication to get healthy and to prevent 

transmitting the TB disease to their families or the people around them. In addition, it was highlighted 

that the consequence of not taking TB treatment was death or developing drug resistance. The patients 

wanted to live and be cured of TB, which were characteristic of the benefits that come with taking TB 

treatment. It is important to note that the choice to take or not to take TB medication may depend on 

how seriously the patient assesses their situation to be (Kvarnström et al., 2021). 

Wisepill technology represented a cue to facilitate the action of taking treatment or is used to 

instigate compliance with TB treatment through feedback reminders, and the scores from wisepill 

technology predicted successful TB treatment outcomes. This study revealed that HBM constructs 

such as self-efficacy and perceived barriers (in this case, stigma) significantly predicted overall TB 

treatment outcomes. These results support the idea that HBM constructs can predict therapeutic 

adherence in TB patients. According to Gebremariam (2021), self-efficacy increases as the patient 

successfully resists temptation in high-risk situations (not drinking alcohol, stops taking medication 

when feeling better). Therefore, TB control management regimens should consider the role of self-

efficacy and stigma experienced by TB patients. To attain TB treatment compliance, informational and 

emotional support will need to be provided to increase self-efficacy and lessen the emotional 

experience that results from intentional community stigma. 

As previously documented by LaMorte (2022), maximising the effective use of the HBM alone 

is insufficient to achieve behaviour change. It is necessary to integrate the HBM with other models 

that account for the environmental context to suggest strategies for change. Therefore, the study 

incorporated the social ecological model to help us understand health behavior as determined by a set 

of interconnected individual and contextual factors, rather than targeting only one level. Ecological 
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models assume not only that multiple levels of influence exist but also that these levels are interactive 

and reinforcing. As with any multifaceted problem, a multipronged approach in this context was able 

to highlight underlying health outcomes that have long been recommended to guide public health 

practice (Golden & Earp, 2012). The results indicated that HBM was a suitable model for predicting 

medication adherence in TB patients. Importantly, when TB patients are confident in their ability to 

adhere to treatment (self-efficacy), have positive illness cognitions, positive beliefs about the benefits 

of taking medication, and are not internalising community stigma, they are likely to adhere to 

treatment. This subsequently results in good clinical outcomes and quality health (Adefolalu, 2018). 

The TB programme should target interventions that minimise perceived barriers, promote perceived 

self-efficacy, and alleviate threats to achieve improved adherence to TB treatment. 

Furthermore, the benefits of treatment need to be highlighted and encouraged. Self-efficacy in 

taking medication should be enhanced through programmes motivating TB treatment adherence. In 

conclusion, Laranjo (2016) also emphasised the importance of using HBM in developing effective 

behavioural change interventions because it deals with the individual’s specific perceptions about 

susceptibility, benefits, barriers, and self-efficacy. Alongside the HBM, the social ecological model 

can further support behaviour change interventions by addressing behaviors at multiple social systems 

that individuals are embedded.  

6.3 LIMITATIONS OF THE RESEARCH 

This section presents an overview of the limitations of this research. 

6.3.1 Wisepill Used as a Proxy for Measuring Medication Adherence 

It is important to note that with the patient opening the wisepill box, it was assumed that the medication 

had been taken, but it did not necessarily imply the ingestion of pills. The analyses assumed that a dose 

was taken when the opening of the box was registered on the wisepill technology platform; therefore, 

these registrations were only proxies for medication intake. Messages sent to patients to intervene 

during the missed intake events were pre-defined and not personalised, nor tailored for the patients. 

Additional costs were incurred by the researcher to purchase top-ups on airtime provision for SMSs 

when they were depleted and to enable travel to the health facilities for patient follow-up visits. 

6.3.2 Violent Service-delivery Protests Affected Access to the Clinic Facilities 

During the data collection phase of this research (enrolment and follow-ups) some residents of Tembisa 

(Gauteng, South Africa), where the research was conducted, engaged in violent service-delivery 

protests in July 2022. The protests affected both the study’s participants and the researcher as they 
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prevented access to the clinic for follow-up visits. Thus, alternative arrangements were made in 

collaboration with the facility-registered nurse to enable seeing the participants at the clinic. The study 

experienced a challenge with participants of the study relocating to other areas and transferring out of 

the clinics where the study was taking place. This resulted in discontinuation of the collection of data 

at subsequent visits. The data were not withdrawn from the study, since “transfer out” (patients for 

whom the treatment outcome is not known) was handled as an overall TB treatment outcome. This 

means the unknown TB treatment outcomes of participants who transferred out, whose end of 

treatment was not found in Tier.Net system were categorised as “transfer out” and treated as an 

unsuccessful TB treatment outcome. 

6.3.3 Electricity Power Outages Affected the Technology’s Signal Transmission 

The country’s (South Africa) electricity power outages during the research period caused interruptions 

in signal transmission from the cell phone to the technology’s server. The synchronisation of the data 

to the server was delayed. The wisepill devices that the study used were donated and had previously 

been used. Therefore, the batteries, which are designed to last for six months, kept running low and 

drained after two to three months. In some cases, this resulted in missing data for measuring adherence. 

To minimise the missed data, the researcher had to monitor the battery levels constantly and travel to 

clinics to replace them when necessary. Furthermore, whenever there was a missed signal for more 

than seven days, the researcher followed up through phone calls and requested the participant to return 

to the facility to perform troubleshooting for the device so that it could communicate with the server 

again. 

6.3.4 Study Findings Not Generalisable 

The sample selected for the study comprised 90 participants who were receiving TB treatment at public 

clinics in Ekurhuleni, a typical metropolitan area in South Africa. In addition, the sample was not 

representative of all DS-TB patients in the country; thus, findings could not be generalised. The 

exclusion of people living with HIV contributed to the low sample size because the majority of 

potential participants who were approached were co-infected with HIV. The Ekurhuleni district has a 

high burden of HIV co-infected individuals. The inclusion of HIV-positive patients would have had 

cost implications for this doctoral study. In addition, the nature of the study is psychological; hence, 

greater focus was placed on measuring psychological constructs. The small sample size was also due 

to some potential participants not having access to a cell phone or someone with a cell phone who 

would to support them by receiving the reminders on their behalf. It is possible that the small number 

of participants in the study had an impact on the research findings. The power analysis nevertheless 



Tebogo Brenda Sole-Moloto   PhD (Psychology) 

 144 

revealed that a sufficient number of participants were included. A large portion of the study sample 

comprised males, which may have skewed the results. 

6.3.5 Bias from Self-reporting Measures 

Finally, the subjective nature of self-reporting measures made them vulnerable to questioning the 

validity of the participants’ answers. It is possible that participants may have wanted to please the 

researcher or to portray themselves in a better light. Self-reporting measures can produce some biased 

responses (Bauhoff, 2014). In addition, the nature of qualitative research (the data obtained in the 

qualitative phase of the study) may be subject to different interpretations by different readers. 

It is noted that, despite the limitations that were presented, the research findings offer a valuable 

contribution to the literature regarding the usability of mHealth technology in the context of adherence 

to TB treatment. Future research could use the current findings as a foundation for improving on the 

limitations and for exploring scientific evidence on the use of technologies to support medication 

adherence, specifically in a natural clinic setting. 

 

6.4 RECOMMENDATIONS FOR FURTHER RESEARCH 

With a view to mediating the limitations that were noted in the preceding section, the researcher 

proposes that the following recommendations should be considered for further research: 

• Enable more follow-up studies for the six months’ treatment duration with a larger, more diverse 

sample size 

A larger sample size would possibly produce increased judgement and findings, particularly on 

feedback reminders and DS-TB adherence over time. Future research should therefore include a larger, 

more diverse sample (including cost-effectiveness analysis) to help drive policy decisions concerning 

the uptake of this technology for routine clinical care. Similar to the research conducted by Guzman et 

al. (2023), the study recommends that the implementation of adherence technologies should focus on 

ensuring access, anticipating and resolving technical challenges, and minimising additional cost to 

people with TB. 

• To increase conducting trend analysis to understand medication adherence patterns over time 

It is recommended that additional trend analyses on adherence data over time, as collected by 

wisepill technology, should be conducted to determine whether patterns of adherence could determine 

which patients required additional treatment support. In addition, trend analyses should explore the 
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differences between males and females in relation to their interaction with the wisepill technology in 

support of their medication adherence. Currently, no strong evidence exists indicating that adherence 

technology interventions improve medication adherence over time among patients with drug-sensitive 

tuberculosis. Hence, the trend analysis could act as a streamlined approach to identifying patients with 

adherence issues who require escalated support to manage their adherence and keep them on treatment 

(over time). Healthcare workers stand to benefit from this approach because they could be enabled to 

identify patients who need additional adherence support. This could, in turn, contribute to improving 

patients’ TB treatment outcomes. Reserving the use of wisepill technology for patients who need the 

most support is principally a patient-centred approach that could be integrated into the digital health 

landscape. 

• To shorten the standard 6 months treatment duration for drug-susceptible TB (DS-TB) patients 

It is recommended that the current treatment regimen of 6 months for DS-TB be shortned to improve 

medication adherence. Through the trend analysis, the study was able to demonstrate a decrease in 

adherence over time and further exarcebated by patient loss to follow-up. Shorter TB regimes are 

essential in reducing the risk of treatment failure and the development of drug resistance.  

• To improve design features of the technology 

It is recommended that the wisepill technology should incorporate study participants’ insights 

to maximise their effectiveness and adoption. One of the participants in the study emphasised 

connecting the pillbox device to a cell phone through Bluetooth, an innovative idea that could be used 

to replace the existing alarm with music. Through end-user experiences, this study was able to 

understand the usability of and barriers to using the technology. Furthermore, if the technology could 

deal with the needs and motivations of end users, the tool will be better adapted to the context-specific 

environments in which it is operated. Finally, it is important for TB programmes to understand the 

benefits and limitations that come with using adherence technologies in a clinical care setting to resolve 

non-adherence to treatment before engaging in the scale-up. 

• To implement stigma- and self-efficacy-focused prevention and treatment approaches in TB-

burdened countries 

It is important to have appropriate psychological support, which will enhance treatment 

adherence among DS-TB patients who are at risk of interrupting treatment. Based on the findings of 

the study, it is recommended that interventions be implemented that promote stigma reduction to 

reduce the probability of early treatment interruption. It is also recommended that further studies 

should be conducted to understand how TB stigma functions and influences community perceptions. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/digital-health
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This information would not only contribute to lessening TB stigmatisation, but would also improve 

treatment and retention in care. In addition, it is recommended that targeted interventions should be 

implemented that are aimed at identifying patients with low levels of self-efficacy in clinical settings. 

This is a form of support that could help these patients to develop the necessary confidence to manage 

their treatment, which includes taking their medicine irrespective of any challenges they might be faced 

with (also relieving the associated stigma). The TB programme, health professionals and policymakers 

are urged to consider the recommendations of the study in respect of overcoming self-stigma and 

increasing self-efficacy to promote medication adherence among patients with TB disease. 

6.5 SIGNIFICANCE OF THIS RESEARCH 

This study produced convincing evidence that an adherence technology holds promise for improving 

patient-centred TB adherence monitoring. Although, over time wisepill technology did not increase 

medication over time, the trend pattern was able to pin-point problematic stages in TB treatment – this 

critical understanding can inform the development of focused interventions to improve adherence. 

Furthermore, the issue with patient loss to follow-up can be addressed by introducing shorter TB 

regimes. This could have a positive impact on the quality of life for TB patients and in future make it 

easier to treat TB. In a resource-limited setting like South Africa, wisepill technology was able to 

predict favourable treatment outcomes among DS-TB patients. The study highligheted discrepancies 

between wisepill technology scores and other subjective measures of adherence when used in clinical 

practice. This further builds on the current evidence that subjective measures of adherence remain 

subject to personal bias. Participants of the study found the wisepill box usable for supporting their 

medication adherence. An overall understanding of experiences with using the wisepill adherence tool 

to support medication adherence was derived from the end users of the technology. In addition, end 

users identified programme-specific issues related to the use of the technology over the short- and long 

term (barriers to adoption and sustainable use of the wisepill technology). Furthermore, in this context, 

the psychological constructs stigma and self-efficacy played a significant role in predicting adherence 

behaviour. Therefore, screening for stigma and self-efficacy at health facilities upon initation is key 

for identifying and profiling earlier the TB patients support needs that can help them to adhere and 

complete treatment. This study generated predominantly critical evidence-based knowledge on 

mHealth use and adherence over time, specifically within the South African context. Using mobile 

technology to understand medication adherence in TB disease treatment is an important contribution 

to the TB programmes, because it reflects the patients’ role in exercising personal agency to improve 

their health outcome. 
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Therefore, it is important to invest in TB intervention programmes that seek to improve 

medication adherence among DS-TB patients because this effort will contribute to reducing the 

number of unsuccessful TB treatment outcomes and lower TB treatment resistance. 

In conclusion, the study’s findings highlighted the need for more large-scale research to be 

conducted in a clinical setting to implement adherence technologies and psychological strategies for 

sustained optimal TB treatment. 
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APPENDICES 

Appendix 1: The EvriMED Wisepill Box 
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Appendix 3: Current Study Ethics Approval Letters 
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Appendix 4: Tracking Log Sheet and Questionnaire 

 

TRACKING LOG SHEET 

ENROLMENT INFORMATION 

 
Name & Surname: __________________________________________________________ 

Contact Number: __________________________________________________________ 

Facility name:  __________________________________________________________ 

Facility ID:  __________________________________________________________ 

Age:  ___________________________ 

Sex:  ___________________________ 

Date of Consent: _____________________________________________ (DD-MM-YYYY) 

 

Visit 

Number 
Description 

Visit date 

(DD/MM/YYYY) 

Return date 

(DD/MM/YYYY) 

Did patient return on the 

prescribed day?  

YES / NO. If no, WHY? 

0. Initiation (baseline)    

1. Follow up and monitoring treatment    

2. Follow up and monitoring treatment    

3. Follow up and monitoring treatment    

4. Follow up and monitoring treatment    

5. Follow up and monitoring treatment    

6. Follow up and monitoring treatment    

7. Sputum collection for testing    
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QUESTIONNAIRE 

ENROLMENT AND FOLLOW-UP VISIT INFORMATION 

A.  Socioeconomic Data of TB Patients 

Baseline Only 

 

B.1.  Adherence Data of TB Patients 

All Visits 
Questions Questions and filters Coding categories 

1. Medication Adherence Self-Efficacy Scale 

Revised (MASES-R) 

Measure patients’ belief in their confidence to 

adhere to prescribed TB medications under a 

variety of challenging situations. 

Refer to the instrument for administration 

and scoring of items. 

2. TB-Related Stigma Scale (adapted version) 

Measures the influence of patients’ perception 

of the disease in relation to adherence and 

successful treatment outcomes. 

Refer to the instrument for administration 

and scoring of items. 

  

Questions Questions and filters Coding categories Coding 

1. Highest level of education Indicate the level of education. 

No Schooling  

Completed Primary School  

Completed Secondary School  

Partially completed high school 

(Grade 10/11 but not matric) 

 

Matric/Grade 12  

Certificate Diploma  

Bachelor’s Degree  

Post Graduate Degree  

2. Employment status 

Ask the patient if they are currently employed.  

 

Indicate the status of employment. 

Employed full-time  

Employed part-time  

Self-employed  

Unemployed  

Retired  

3. Marital status  Indicate the status 

Married  

Single  

Living together with partner  

Separated  

Divorced  

Widowed  

Partner died  

4. Residential Conditions 

What type of housing do yo live in? 

 

Is it a formal house or an informal settlement? 

Brick house on separate stand  

Flat  

Townhouse Shack  

Caravan / Tent  

5. Household Characteristics 

What is the number of rooms available?   

What is the number of windows available?   

Do you live with other people in the house?  

If yes, write the number of people in the household. 
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B.2.  Adherence Data of TB Patients 

All Visits 

Questions Questions and filters Coding categories 

3. Pill Count 

Adherence assessment conducted by focal personnel 

and documented in the patient treatment card 

 

Record the number of pills (remaining) divide by the total 

pills given to patients in each month. 

Visit 1:  ______________ (counted/total pills) 

Visit 2:  ______________ (counted/total pills) 

Visit 3:  ______________ (counted/total pills) 

Visit 4:  ______________ (counted/total pills) 

Visit 5:  ______________ (counted/total pills) 

Visit 6:  ______________ (counted/total pills) 

4. Three-item Adherene 

Scale 

The scale focuses on medication-taking behaviour and 

adherence. 

 

Items will be linearly transformed to a 0-100 scale with 

zero being the worst adherence, and 100 the best. 

Visit 1:  ______________ (counted/total pills) 

Visit 2:  ______________ (counted/total pills) 

Visit 3:  ______________ (counted/total pills) 

Visit 4:  ______________ (counted/total pills) 

Visit 5:  ______________ (counted/total pills) 

Visit 6:  ______________ (counted/total pills) 

 

Questions Questions and filters Coding categories 
Indicate 

Yes / No 

5. Self-report Questions 

The two questions will be asked to 

patients, although they are phrased 

differently, they both are 

measuring whether the patient was 

adherent to medication-taking. 

Visit 1:  

Have you completed all your medication for this month? 

Have you missed a dose(s) for this month? 

 

Visit 2: 

Have you completed all your medication for this month?  

Have you missed a dose(s) for this month? 

 

 

Visit 3: 

Have you completed all your medication for this month?  

Have you missed a dose(s) for this month? 

 

 

Visit 4: 

Have you completed all your medication for this month?  

Have you missed a dose(s) for this month? 

 

 

Visit 5: 

Have you completed all your medication for this month?  

Have you missed a dose(s) for this month? 

 

 

Visit 6: 

Have you completed all your medication for this month?  

Have you missed a dose(s) for this month? 

 

 

6. Wisepill Adherence 

Measure 

Record number of days the pill 

box was opened (intake), not 

opened (missed), reminder sms 

sent and whether if the patient 

opened the medication box 

following the reminder feedback. 

 

Visit 1: 

____________________ (intake) 

____________________ (missed) 

Reminder SMS sent? 

If Yes was the medication box opened? 

 

Visit 2: 

____________________ (intake) 

____________________ (missed) 

Reminder SMS sent? 
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Questions Questions and filters Coding categories 
Indicate 

Yes / No 

If Yes was the medication box opened? 

 

Visit 3: 

____________________ (intake) 

____________________ (missed) 

Reminder SMS sent? 

If Yes was the medication box opened? 

 

Visit 4: 

____________________ (intake) 

____________________ (missed) 

Reminder SMS sent? 

If Yes was the medication box opened? 

 

Visit 5: 

____________________ (intake) 

____________________ (missed) 

Reminder SMS sent? 

If Yes was the medication box opened? 

 

Visit 6: 

____________________ (intake) 

____________________ (missed) 

Reminder SMS sent? 

If Yes was the medication box opened? 

 

C.  TB Outcomes 

Post 6 Months Treatment 

Questions Questions and filters Coding categories Tick  Status 

7. Overall treatment outcomes of 

patient diagnosed with TB 

 

Results availavle post month 6 

of treatment 

If completed treatment, what is the treatment 

outcome? 

If Cured, it means 3 culture negative 

specimens 

If Completed, it means no culture results 

after treatment 

 

This information needs to be obtained from the 

Tier.Net database or from the patient self-

reporting 

Cured  

Treatment Completed  

Treatment Failure  

Died  

Loss to Follow up  

Transfer Out  

Failure  

Re-treatment  

Resistant to Treatment  
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Appendix 5: Medication Adherence Self-efficacy Scale Revised (MASES-R) 

Purpose of the scale: Medication Adherence Self-Efficacy Scale revised (MASES-R), will be used to measure 

patients’ belief in their confidence to adhere to prescribed TB medications under a variety of challenging situations. 

The scale has not been used in South Africa, however the instrument demonstrated good reliability with Cronbach’s 

alpha coefficients of 0.92 and 0.90 at baseline and at 3-months respectively (Fernandez et al., 2008). 

 

Scoring and interpretation: The instrument consists of 13-items measured on a 4-point Likert scale ranging from 

not at all sure to extremely sure. Twelve of the items ask about confidence in specific situations (e.g. busy at home, 

no symptoms, travelling), and one item asks about confidence in ability to make medication adherence a part of daily 

routine. There are no subscales on the measure, but rather the total scale score is computed by averaging across 

responses to all items. Higher scores indicate a greater level of self-efficacy. 

 

Instructions for Administration 

Situations come up that make it difficult for people to take their medications as prescribed by their doctors. Below is 

a list of such situations. We want to know your opinion about taking your tuberculosis medication(s) under each of 

them. Please indicate your response by checking the box that most closely represents your opinion. There are no 

right or wrong answers. 

 

For each of the situations listed below, please rate how sure you are that you can take your tuberculosis medications 

all of the time. 

 

Items 
Not at all 

sure 

A little 

sure 
Fairly sure 

Extremely 

sure 

How confident are you that you can take your tuberculosis medications:     

1. When you are busy at home     

2. When there is no one to remind you     

3. When you worry about taking them for the rest of your life     

4. When you do not have any symptoms     

5. When you are with family members     

6. When you are in a public place     

7. When the time to take them is between your meals     

8. When you are travelling     

9. When you take them more than once a day     

10. When you have other medications to take     

11. When you feel well     

12. If they make you want to urinate while away from home     

Please rate how sure you are that you can carry out the following taks:     

13. Make taking your medications part of your routine     
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Appendix 6: The Stigma Scale for Chronic Illnesses 8-Item Version (SSCI-8) 

Purpose of the scale: Tuberculosis Stigma Scale for Chronic Illnesses measures internalised (3 items) and enacted 

(5 items) stigma experienced by people with neurological conditions. The scale has shown high internal consistency 

(Cronbach’s alpha of 0.89). However, it has not been used in South Africa (Molina, Choi, Cella, & Rao, 2013). 

 

Scoring and interpretation: The Stigma Scale for Chronic Illnesses 8-Item Version (SSCI-8). The items are scored 

on a 5-point Likert scale from 1 (never) to 5 (always). Total scores range from 8 to 40, with higher scores indicating 

higher levels of perceived stigma. The raw scores could be converted into IRT-based T-score distributions; 

standardised scores with a mean of 50 and a standard deviation of 10. 

 

Instructions for Administration 

 

A. Community perspectives on tuberculosis 

Items  
Never 

(1) 

Rarely 

(2) 

Sometimes 

(3) 

Often 

(4) 

Always 

(5) 

1. *Because of my illness, some people seemed uncomfortable with me.      

2. *Because of my illness, some people avoided me.      

3. **Because of my illness, I felt left out of things.      

4. *Because of my illness, people were unkind to me.       

5. *Because of my illness, people avoided looking at me.       

6. ***I felt embarrassed about my illness.       

7. ***I felt embarrassed because of my physical limitations.       

8. *Some people acted as though it was my fault I have this illness.      

*Enacted     |     ** Enacted/Internalised     |     *** Internalised 
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Appendix 7: A Three-item Adherence Scale 

Purpose of the scale: A three-item adherence scale, developed through rigorous cognitive interviewing and validated 

in the US (Fowler, Lloyd, Cosenza & Wilson, 2014; Wilson et al., 2014; Wilson et al., 2016) will be used to measure 

medication-taking behaviour and adherence. The scale has an internal consistency value of 0.86 for western sample 

(Wilson, Lee, Michaud, Fowler, & Rogers, 2016), it has also been previously used in South Africa (Phillips et al., 

2017). The three items include (1) assessment of number of days medication was missed; (2) Frequency of medication 

intake and (3) Rating of adherence to medication intake in the previous 30 days. 

 

Scoring and interpretation: The three adherence items will be linearly transformed to a 0–100 scale with zero being 

the worst adherence, and 100 the best (Gaito, 1980; Townsend, Hu & Evans, 1984). Summary of the scales is 

calculated as the mean of the three individual items. 

 

Instructions for administration 

 

Items Available Response Options Participant Responses 

1. In the last 30 days, on how many days did 

you miss at least one dose of any of your TB 

medicines? 

Number of Days (0-30)  

2. In the last 30 days, how good a job did you 

do at taking your TB medicines in the way 

that you were supposed to? 

Very Poor = 1 

Poor = 2 

Fair = 3 

Good = 4 

Very Good = 5 

Excellent = 6 

 

3. In the last 30 days, howe often did you take 

your TB medicines in the way you were 

supposed to? 

Never = 1 

Rarely = 2 

Sometimes = 3 

Usually = 4 

Almost Always = 5 

Always = 6 
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Appendix 8: Interview Guide with Study Participants 

Thank you for agreeing to participate in the study. We are interested in how feedback reminders and 

overall use contributed towards understanding barriers to adoption and sustainability of mHealth tool- 

Wisepill box. 

 

End-user experiences 

• What does the box represent to you? [probe: provide a metaphor to describe the box]. 

• What is your opinion of using the Wisepill box monitoring device? [probe: Is it easy or difficult to 

use the device?] 

• How useful was the Wisepill box monitoring device to you? 

• How do you feel about someone monitoring how you are taking your pills every day? [Whose 

involvement is triggered by sustained missed doses?] 

• What was the reaction of people within your environment when they saw you using the device? 

• Tell me about your storage strategies of the device when you were at home, work and when 

travelling. 

• Would you say that Wisepill box monitoring device is appropriate for use among TB patients like 

yourself? 

 

The influence of using mHealth tool 

• What is your opinion about the importance of completing TB medication? 

• Are you aware of the consequences of not completing your TB medication? [probe: Where did you 

obtain this information from? Do you know of any person who did not complete their TB 

medication? If yes, what happened to them? Do you think that incident motivated you to complete 

your TB medication?] 

• In using the Wisepill box, were the reminder messages you received which were triggered by missed 

dose from the device useful? [ probe: Did they help you to take your medication as prescribed?] 

• If the reminders were not present, would you have still taken TB medication on that day? [probe: If 

no, what were some of the reasons that contributed to the non-adherent behaviour? If yes, what were 

some of the strategies you used to ensure you take TB medication?]. 

• Did the use of Wisepill box monitoring device motivate you to attend your scheduled follow-up 

clinic visit as prescribed? 
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Stigma and self-efficacy 

• Did you feel embarrassed that you had TB? If so, why? [Probe: physical limitations that come with 

having TB] 

• Did you feel that after having been diagnosed with TB, people around you treated you differently? 

[Probe: people avoided you, uncomfortable around you, said bad things about you – that it was your 

fault you contracted the disease] 

• Did you believe that what people say about you in relation to the disease is true? If so, why? 

• When you started with TB medication, were you confident that you will complete your medication 

as prescribed by the health care professional? If yes [Probe: highlight on motivations, goal 

attainment] 

• Do you feel that having built this self-confidence before helped you complete TB medication? 

• In your opinion what do you think made you stay adherent to TB medication over time? [probe: 

what situations make it easy for you to take your TB medication?] 

• In your opinion what do you think made you not to stay adherent to TB medication over time? 

[probe: difficulties you have in taking TB medications? What situations make it difficult for you to 

take your TB medication?] 

 

Sustainability 

• What is the value of using Wisepill support technology in your everyday life? [probe: were you able 

to fit in the devise with your already present self-management health habits]. 

• How was your engagement/involvement in your own health care before and after the use of the 

Wisepill support device? 

• Did you feel empowered when using Wisepill box device? 

• How do you want your box to look like, if you could personalise it? [probe: elements such as size, 

alarms, structure of the box, colour etc.] 

• What are some of the barriers you have experienced with using the device that makes you not to 

adopt the device? [probe: design, privacy and security issues, connectivity, personalisation]. 

• Despite the barriers mentioned, would you recommend the use of Wisepill box monitoring device 

to other people who are on TB treatment? Why / why not? 

  



Tebogo Brenda Sole-Moloto   PhD (Psychology) 

 215 

Appendix 9: Participant’s Information & Informed Consent 

ICD 5 

PARTICIPANT’S INFORMATION & INFORMED CONSENT DOCUMENT FOR AN 

INDIVIDUAL IN-DEPTH INTERVIEW 

 

Study title:  Usability of an mHealth tool to support medication adherence schedules in newly 

diagnosed tuberculosis patients 

 

Principal Investigator: Tebogo Brenda Sole, PhD Candidate  

 

Institution: University of Pretoria, Department of Psychology 

 

Supervisor: Professor Nafisa Cassimjee Tel: 012 420 2911| Email: nafisa.cassimjee@up.ac.za 

 

Co-Supervisor: Professor Terri Bakker Tel: 012 4204924 | Email: terri.bakker@up.ac.za 

 

Office and Afterhours Telephone Number(s): 

• Office Numbers: 012 339 8532 / 072 767 7780 

• Afterhours number: 072 767 7780 

 

Date and Time of First Informed Consent Discussion: 

    : 

date month year  Time 

 

 

Dear Prospective Participant 

 

1) INTRODUCTION 

You are invited to volunteer to participate in a research study. I am doing this research for PhD degree purposes 

at the University of Pretoria. This form gives information about the study to help you decide if you would like 

to participate. Before you agree to take part in this study, you should fully understand what is involved. If you 

have any questions, which are not fully explained in this form, do not be shy to ask the researcher. 

  

mailto:nafisa.cassimjee@up.ac.za
mailto:terri.bakker@up.ac.za
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2) THE NATURE AND PURPOSE OF THIS STUDY 

The aim of this study is to understand the influence of wisepill box feedback SMS reminders on TB patients’ 

medication adherence, and to understand how you experienced using the box. By doing so, I wish to learn more 

about how feedback SMS reminders and overall use added towards understanding difficulties to adoption and 

sustainability of the wisepill box. A reminder again that the information on whether they are 

compliant/noncompliant to the treatment will not be reported to the facility-registered nurse. 

 

3) EXPLANATION OF PROCEDURES AND WHAT WILL BE EXPECTED FROM THE 

PARTICIPANTS 

If you agree to participate, you will be asked to participate in an individual interview which will take about 60-

90 minutes. You will be interviewed by the researcher in a place that is private and easy for you to reach. 

 

The individual interview will be a one-on-one meeting between the two of us. I will ask you several questions 

about the research topic. Examples of the questions include providing your opinion about using the Wisepill box. 

With your permission, the interview will be recorded to ensure that no information is missed. 

 

4) RISKS AND DISCOMFORTS INVOLVED 

There are no expected risks to participating in this study. However, if you feel uncomfortable because of the 

things discussed during the study, health care professionals’ details (including mental health care) will be 

provided at the clinics. You will be informed of the contact details of health care and mental health care 

professionals at the clinic and these services will be available to you whether you are referred or not. 

Participation to the study is voluntary and you may stop participation at any time - this will not affect your 

planned clinic visits. 

 

5)  POSSIBLE BENEFITS OF THE STUDY 

You may enjoy the benefit of using a Wisepill box that has potential towards improving your medication 

adherence and make adherence monitoring easier. Your experiences of using the device will contribute to 

research on supportive technology. 

 

6)  COMPENSATION 

An inconvenience allowance of R100 (in a form of a gift voucher that will enable you to buy from selected 

shops like Shoprite, Checkers, Usave, or OK) will be given to you at the end of the study. 

 

7) VOLUNTARY PARTICIPATION 

The decision to take part in the study is voluntary. You can also stop at any time during the interview without giving 

a reason. You will still receive normal care and treatment for your illness at the clinic. All the records and data 

linked to you in the study will be destroyed if you choose to withdraw. 

8) ETHICAL APPROVAL 

This study was approved by the University of Pretoria at the the following Faculties: 
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• Postgraduate Research Ethics (PG-ResEthics) Committee of the Faculty of Humanities 

(Tel: 012 420 4853, Email: PGHumanities@up.ac.za) 

• Faculty of Health Sciences Research Ethics (ResEthics) Committee 

(Tel: 012 356 3084 or 012 356 3085, Email: fhsethics@up.ac.za) 

 

9) INFORMATION ON WHO TO CONTACT 

If you have any questions about this study, you should contact: 

• Name: Ms. Tebogo Sole 

• Institution: University of Pretoria 

• Email: u04379055@tuks.co.za and/ tebogobrendasole@yahoo.com   

• Telephone: 012 339 8532 

• Cell:  072 767 7780 

 

10) CONFIDENTIALITY 

We will not record your name anywhere and no one will be able to connect you to the answers you give. Your 

answers will be linked to a unique barcode ID or a pseudonym (another name) and we will refer to you in this way 

in the data, any publication, report or other research production. Furthermore, text message reminders will not be 

related to TB, but will be in a quote form – to protect your status. An attention sign will be placed outside the 

wisepill box and you will be told to store the box safely at home. 

 

The researcher will be the only person with access to the tape recorder and/or recordings. The recordings as well 

as transcription will be stored in a password-protected computer. All records from this study will be treated as 

secret. Results will be printed in journals or presented at conferences in such a way that it will not be possible for 

people to know that you were part of the study. 

 

The records from your participation may be reviewed by people responsible for making sure that research is done 

properly, including members of the Research Ethics Committee. All these people are required to keep your identity 

secret. Otherwise, records that identify you will be available only to people working on the study, unless you give 

permission for other people to see the records. 

 

All hard copy information will be kept in a secured locked facility as decided by the University of Pretoria, for 

a minimum of 15 years and only the research team will have access to this information. 
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11) CONSENT TO PARTICIPATE IN THIS STUDY 

• I confirm that the person requesting my consent to take part in this study has told me about what the study 

entails, any risks or discomforts, and the benefits of the study. 

• I have also received, read and understood the above written information about the study. 

• I have had enough time to ask questions and I have no doubts to participate in this study. 

• I am aware that the information taken in the study, including personal details, will be secretly processed and 

presented in the reporting of results. 

• I understand that I will not be punished in any way should I wish to stop taking part in the study and removing 

myself from the study will not affect the treatment and care I receive at the clinic. 

• I am participating willingly. 

• I have received a signed copy of this informed consent agreement. 

• I understand that the individual in-depth interview or discussions will be recorded. I give consent that it may 

be recorded. 

 

   

Participant’s Name (please print) Participant’s Signature Date 

 

 

   

Researcher’s Name (please print) Researcher’s Signature Date 
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Appendix 10: Certificate for Good Clinical Practice (GCP) Beginners’ Course Level 2 
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