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ABSTRACT  

ABU KHADIJAH, HANA, J., Masters of Science:June: 2022, Health Sciences 

Title: Usability Testing of the International Cardiac Rehabilitation Registry  

Supervisor of Thesis: Dr. Karam, I, Adawi. 

Background: Cardiac rehabilitation (CR) is a comprehensive model of 

secondary preventive care for cardiovascular diseases (CVDs). However, there is a 

wide variety of implementation characteristics globally, specifically in low-and-

middle-income countries. Thus, the International Council of Cardiovascular Prevention 

and Rehabilitation (ICCPR) was urged to develop a CR registry to establish the quality 

of CR services in such settings.  

Aim: To explore the usability of the newly developed International Cardiac 

Rehabilitation Registry (ICRR) in the World Health Organization’s six-designated 

regions of the world to ensure the applicability and optimal utility of the registry before 

its launch. 

Methods: This was a mixed methods study comprised of Think-Aloud method to elicit 

feedback on the ICRR while end-users were entering patient data, followed by semi-

structured interviews and SUS survey. The Unified Theory of Acceptance and Use of 

Technology 2 framework (UTAUT 2) informed the analysis. During the interview, 

participants were asked to log in to the ICRR demonstration site and share their screen 

and enter the patient’s data anonymously while thinking and talking aloud. Notes 

including facial expressions and gestures ideas raised by the participants were taken. 

After that, a semi-structured interviews were conducted to explore the topic in depth.. 

Interviews were transcribed verbatim, thematic analysis was undertaken to categorize 

the content using NVIVO software. Finally, participants were asked to fill out the 
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System Usability scale survey (SUS), which provides a global measure of system 

satisfaction. SUS score was calculated based on Brooke’s standard scoring method.  

Results: Four major themes emerged from the interviews and Think-Aloud 

method: (1) ease of approvals, adoption, and implementation; (2) benefits for programs, 

(3) variables and their definitions, as well as (4) patient report & follow-up assessment. 

Based on participant feedback and utterances, suggestions for changes to the ICRR 

were implemented, including changes to the program survey, on-boarding processes, 

navigational instructions, inclusion of program logos, direction on handling unavailable 

data, and optimizing data completeness, as well as policies for program certification. 

System usability score (SUS) was (83.75) indicating that the registry was “excellent” 

and rated as class “A” technology. 

Conclusions: Results of this study proved that ICRR is relevant, user-friendly 

with high end-user satisfaction, and showed high perceived usefulness to support CR 

service quality. The usability of the ICRR was enhanced based on participants’ 

feedback. The ICRR is ready for the next stage, which is the pilot testing before the 

final launch. 

Keywords: Cardiac Rehabilitation, Cardiovascular Diseases, Registries, Low 

and Middle-income Countries, Quality of Health Care, User-centered design 
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CHAPTER 1: INTRODUCTION 

1.1 Background 

Globally, a total of 41 million individuals die each year due to non-communicable diseases 

(NCDs), which account for 71% of total deaths (1, 2). NCDs are a major contributor to disease 

morbidity as well. For example, 1.43 billion Disability-adjusted life years (DALYs) were lost in 

2019 (3). Between 2011 and 2025, the cumulative economic loss due to NCDs in low-and middle-

income countries is estimated at US $7 trillion, if no action is taken (4). Using existing cost-

effective interventions, such as establishing clinical registries to monitor the quality of  cardiac 

rehabilitation (CR) services in low-resource settings, is imperative to achieve the 30% reduction 

in premature mortality of NCDs by 2025 (5, 6).  

Cardiovascular diseases (CVDs) account for most NCDs fatalities (2). CVDs are the leading cause 

of mortality and a significant contributor to the burden of the disease globally, with rising incidence 

in low- and middle-income countries (LMICs) (7, 8). CVDs account for over 80% of deaths in 

low-and-middle-income countries (9). Thus, public health programs and policy development are 

most needed in these countries. CVD prevalence has almost doubled from 271 million in 1990 to 

523 million in 2019 (5); this is mainly due to advancements in screening and associated risk factor 

control as well as acute treatments, such that most cardiac patients survive upon initial diagnosis, 

but then live with CVD chronically at an increased risk of mortality and further morbidity (10). 

CR is a comprehensive model of secondary preventive care to mitigate this burden (11-16). A 

multidisciplinary team delivers CR core components, including risk factor assessment and control, 

structured exercise, patient education, and psychosocial counseling. Participation in CR reduces 

cardiovascular mortality and hospitalization by 20% (11) and improves the quality of life (17); CR 

benefits are also robustly established in LMICs (18). However, CR programs in low-resource 
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settings (i.e., LMICs  or a high-income country but with limited financial and/or healthcare 

resources) (19) are less comprehensive, and inadequate if they exist (13, 15, 20). Thus, there is 

grossly insufficient CR capacity, particularly in LMICs.  

Clinical registries support care quality. They are widely used in health care processes (21-23). For 

example, their data are used to support quality improvement projects (24-31), monitor compliance 

with clinical practice guidelines (29, 32, 33), meet standards (32, 34, 35); and to reduce care 

delivery costs (36, 37). Unfortunately, there are few CR registries, most of which do not apply to 

LMICs, as identified in a recent systematic review (38) . There is a need to develop a cardiac 

rehabilitation registry that supports the quality of CR services provided by programs in LMICs. 

Thus, the International Council of Cardiovascular Prevention and Rehabilitation (ICCPR) recently 

developed a registry specific to low-resource settings, and is leading the way in supporting the 

development of new high-quality programs as well as improving the quality of services of existing   

ones (21-23, 39).  

1.2. Study Aim 

The aim of this mixed methods study was to explore the usability of the newly developed 

International Cardiac Rehabilitation Registry for low resource settings to ensure applicability and 

optimal utility, and hence ultimate uptake to establish and standardize the quality of CR services. 

1.3 Study Objectives 

The objectives of the usability study were: 

Objective 1:  To explore the perception of the CR staff regarding usefulness of the registry in 

improving CR service quality. 

 

Objective 2:  To identify challenges and facilitators to use and adopt the registry by the CR staff 
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Objective 3:  To explore the insights of the CR staff regarding the ICRR structure, design, data 

dictionary, program survey, and patient reports to enhance ICRR utility before its launch. 

Objective 4:  To assess the usability of the ICRR  quantitatively using the SUS survey. 

1.4 Research Question 

 The study was conducted to answer the following research questions: 

 1. How do CR staff perceive the ICRR in terms of usefulness or burden? 

2. What are the perceived challenges and facilitators to use and adopt the registry by the CR staff? 

3. What are the perceived areas of improvement in the ICRR structure, design, and data to enhance 

the registry by the CR staff? 

4. To what extent are the CR staff satisfied with the newly developed registry? 

 

.  
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CHAPTER 2: LITERATURE REVIEW 

This chapter is presented in six sections: the first section addresses the burden of CVDs globally, 

and in LMICs. The second section highlights the cardiac rehabilitation program’s core 

components, and its effectiveness in reducing mortality and morbidity on a global level. The third  

section introduces clinical registries and how it is distinct from electronic medical records, 

followed by shedding the light on the effect of CVD registries in improving healthcare quality and 

patient health outcomes. Finally, the fourth section in this chapter introduces the International 

Cardiac Rehabilitation Registry (ICRR) development based on best practices and guidelines. 

2.1 Burden of Cardiovascular Diseases  

Cardiovascular disease patterns have important implications for health care management and 

public health policy formulation (40). CVD cases nearly doubled from 271 million to 523 million 

between 1990 and 2019 (5). Globally, CVD prevalence is projected to increase significantly due 

to population growth and aging in the coming years, especially the proportion of elderly is expected 

to increase twofold between 2019 and 2050 (5). Similarly, CVD deaths increased from 12.1 million 

to 18.6 million between 1990 and 2019. Additionally, projections showed that CVDs would 

contribute to over 23.6 million deaths in 2030 worldwide (41). Stroke and ischemic heart disease 

(IHD) are the most prominent CVDs and the leading cause of death and disability (5). Four of five 

deaths from CVDs are due to stroke and heart attack.  

 CVDs are a considerable burden in terms of morbidity. Disability-Adjusted Life Years 

(DALYs) is a global scale  for measuring disease burden. The number of DALYs is a measure of 

the total burden of disease that results from disabilities and premature deaths. One DALY is 

equivalent to one lost year of healthy life. Throughout the period 1990 to 2019, the global trend of 
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CVDs DALYs increased steadily from 279.84 million to 393.11 DALYs (3). 

2.1.1 CVD Burden in Low-Income and Middle-Income Countries 

Non-communicable diseases are the leading cause of nearly half the disease burden and mortality 

in LMICs (42). Between 2006 and 2015, half of NCDs mortality was attributed to CVDs. NCDs 

are projected to increase by 17% in the next ten years and by 27% within the African region (43). 

Currently, CVDs account for over 80% of deaths in LMICs  (41). As mentioned previously, CVD 

deaths raised from 12.1 million to 18.6 million globally between 1990 and 2019 (5). However, 

between 1990 and 2017, there was a dramatic heterogeneity in death rate trends between high-

income countries (HICs) and LMICs. For example, between 1990 and 2017, death rates decreased 

in HICs from 271.8 per 100, 000 to 128.5 per 100,000, while there was a slight change in death 

rates in the same period for LMICs, i.e. from 368.2 to 316.9 per 100,1000 (44). This heterogeneity 

in death rates between LMICs and HICs is mainly driven by CVD management, including 

advanced technology, resources availability in HICs, and differences in competing health priorities 

by geographical area (10–12). According to the World Health  

Organization’s (WHO) risk stratification, CVD risk thresholds eligibility for intensive intervention 

are 20%, 30%, and 40% for high-resource settings, medium-resource settings, and low-resource 

settings, respectively. This high threshold level for low-resource settings compared to high-

resource settings would deny most people at risk the opportunity to delay or prevent CVD events. 

If the risk threshold for intervention is decreased, the number of individuals eligible to benefit will 

increase. Resource availability allows for expansion to include people at moderate risk of CVDs 

in the coming 9 to 10 years in the eligible population for CVDs mitigation strategies. However, 

unfortunately, this may not be feasible in LMIC due to scarce resources and competing health 

priorities (45-47). The risk factors in these countries are high fasting plasma glucose, high systolic 
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blood pressure, unhealthy eating patterns, high low-density lipoprotein levels, and poor air quality. 

Globally, the total DALYs caused by CVDs increased steadily from 279.84 million in 1990 to 

393.11 million in 2019 (3). Therefore, cost-effective strategies, policies, and public health program 

development, such as cardiac rehabilitation programs, are most needed to mitigate the CVDs 

burden in the LMICs. These programs should offer quality services to get the utmost benefits to 

patients.  

2.2 Cardiac Rehabilitation 

Cardiac rehabilitation is a comprehensive secondary prevention program for patients with 

cardiovascular diseases (48, 49). The American College of Cardiology and the American Heart 

Association (AHA) recommended CR as a Class 1 for treating patients with coronary artery 

disease and chronic heart failure (22, 50-54). Despite being recommended in clinical practice 

guidelines internationally, a recent global cardiac rehabilitation survey showed that only 111 

countries offer CR services out of 203 countries (54.6 %) (20). Moreover, based on available data, 

i.e., only for ischemic heart disease (IHD), it has been estimated that there are 20,279,651 incident 

cases of IHD globally yearly. However, the CR global study indicated that- in countries with 

existing CR services- the absolute CR density was one spot per 11 IHD cases, while globally, it 

was one spot per 12 IHD cases (20, 55). Moreover, CR services are underutilized, not standardized, 

and quality improvement methods and outcomes are rarely published (13, 38, 49). Eligible patients 

in most need for CR do not receive it or will not derive the utmost benefit from it (20, 48, 56). 

2.2.1 CR Core Components  

CR is a multi-component complex intervention. Patients’ benefits vary greatly depending on the 

nature and quality of CR services provided (49). Thus, the AHA and the American Association of 

Cardiovascular and Pulmonary Rehabilitation identified six core components that all cardiac 
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rehabilitation/secondary prevention programs should contain to enhance CVD risk reduction, 

reduce disability, and promote a healthy and active lifestyle for patients with CVDs (50). CR 

components are: baseline patient assessment, nutritional counseling, risk factors management 

(weight, blood pressure, lipid, diabetes, and tobacco cessation), psychosocial management, 

physical activity counseling, and exercise training. In low-resource settings, models of delivery of 

these core components have been suggested based on resource availability (13, 57). Thus, the 

International Cardiac Rehabilitation Registry  (ICRR)  aims to provide further quality data and 

future recommendations once launched to optimize the delivery of all CR components in low-

resource settings effectively.  

 

2.2.2 Cardiac Rehabilitation Benefits 

There is compelling evidence that cardiac rehabilitation decreases the risk of all-cause and cardiac-

related mortality and considerably enhances health-related quality of life (56, 58). About half of 

the reduction in mortality attained by exercise-based CR can be credited to reducing risk factors, 

such as smoking (12). A systematic review of 47 randomized controlled studies including 10,794 

patients comparing exercise-based cardiac rehabilitation to usual care showed that overall 

mortality and cardiovascular mortality risks were reduced by 13 % and 26%, respectively, in 

patients randomized to CR (14). Moreover, the systematic review showed that hospital admissions 

rates decreased by 31% (14). It was evident that health-related quality of life was significantly 

higher with exercise-based cardiac rehabilitation than the usual care, as reported in seven out of 

10 trials (14). 

In another systematic review and meta-analysis, of a total of 63 randomized controlled studies and 

14,486 participants, the overall study results indicated that CR reduced cardiovascular mortality 
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by 26% (RR: 0.74; 95%CI: 0.64 to 0.86) as well as hospital admissions by 18% (RR: 0.82; 95%CI: 

0.70 to 0.96). Fourteen out of twenty studies reported improved health-related quality of life scores 

(11).  

2.3 Clinical Registries 

2.3.1 What is a Clinical Registry? 

Clinical registries are observational databases that focus on clinical conditions, procedures, 

therapies, or populations. It collects data systematically for scientific, clinical, or policy purposes 

(36). A clinical registry is essential in assessing the impact of healthcare delivery and treatment 

models on health outcomes through monitoring disease and capturing real-world data [1–3]. The 

use of clinical registries has become increasingly popular in quality improvement projects for 

improving healthcare processes (24-31), following clinical practice guidelines (29, 32, 33) and 

meeting standards (32, 34, 35); and reducing care delivery costs (36, 37). Registries generally 

provide hospitals and clinicians with information about clinical care, adherence to evidence-based 

guidelines, and patient-reported outcomes. Registries play a critical role in medical research; they 

are excellent platforms for randomized clinical trials because they reduce the time and cost 

associated with prospective data collection. 

Moreover, by collecting real-world data within registries, researchers generate research 

hypotheses (59, 60) and can conduct descriptive studies and health service research (61), and  

incorporate genomic, biomarker, and imaging data with clinical registry data, which  can improve 

research opportunities (61, 62). Researchers can use registry data to answer questions that are not 

feasible or ethical to address with randomized controlled trials (63). In general, clinical registries 

serve as a surveillance health system to assess healthcare effectiveness and safety, support and 

measure the effectiveness of quality improvement, evaluate factors influencing prognosis and 
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quality of life, improve patient care experience, and patient outcomes for a variety of conditions,  

such as CVDs (22). 

 2.3.2 Registries and Electronic Health Records (EHR) 

There is a belief that EHR data could replace registries as the primary source of clinical data in 

real-world settings, but there are essential differences between them that could affect how they are 

used for evidence generation, public reporting, and quality improvement (64). For example, a 

trained abstractor enters data from the clinical record into dedicated clinical registries according 

to specific definitions (5–7, 10, 57) ensures the reliability and validity of registry information. 

Physicians and other clinical team members enter patient care data into EHRs for purposes of 

assessment and diagnosis rather than for purposes of analysis and reporting. Clinicians may not 

document their clinical interventions and assessments in standardized ways due to the workload 

and overwhelming demand on healthcare services (64, 65); because of this lack of standardization, 

it would be more challenging to compare compliance to guidelines between different providers or 

settings or use these data for benchmarking in national and international comparisons (64). 

 

2.3.3 CVD Registries Impact on the Quality of Care and Patient Outcomes 

Clinical registries generally have positive impacts on healthcare outcomes and processes. A recent 

systematic review evaluating the impact of registries on health outcomes supports this conclusion 

(66). In all 17 studies that were identified in the review, only two focused on cardiac diseases 

specifically, stroke care. Sixteen studies reported positive results after implementing a registry. 

The impact of the registries was measured in various ways, including changes in processes, quality 

of care, treatment outcomes, survival rates, and compliance with guidelines. The two registries 

assessing stroke care were established to improve stroke care quality in USA and Germany in 1999 
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and 2001, respectively. The stroke registry in Germany included 70 hospitals (67), several quality 

indicators were developed to measure the impact of the registry on patient outcomes and quality 

of care. The study results indicated that the rate of admissions within 3 hours of stroke onset 

increased significantly from 28.2% to 34.6% between 2001 and 2006, accompanied by proper use 

of emergency medical services. The duration of hospitalization was reduced by two days for 

ischemic stroke and by 2.5 days for transient ischemic stroke. Discharge to patients’ homes, 

nursing homes, and rehabilitation facilities increased significantly and reached proportion of 

36.2%, 6.5%, and 40.0%, respectively (67). 

Regarding the registry impact on health service usage, it was evident that participation in the 

registry in 2006 was associated with reduced time loss due to contacting general practitioners 

instead of medical emergency services; further, stroke management aided by clinical imaging and 

treatment has improved significantly. Finally, even though improving patient quality of care 

directly impacts patient outcomes, these were not assessed (68). Another study reported the impact 

of a stroke registry established in USA in 1999 (Ethos registry) which included 86 hospitals (69). 

The impact on health service usage was described, but the impact on the process of care was either 

not measured or not reported. Three targeted quality improvements were developed to measure the 

impact of the registry. The study results indicated that stroke optimal treatment rates have 

significantly improved during the first three months of participation in the registry and continued 

to improve with a longer duration of participation. Treatment rates for antithrombotic medication 

use within 48 hours were 92.5%, 84.6% for antithrombotic medications at discharge. Finally, 

77.1% for deep vein thrombosis prophylaxis (69). 
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2.4 CR Registries 

Based on clinical guidelines, such as the European, American, and Australian, audit and evaluation 

are core components of cardiac rehabilitation registries used to characterize the quality of care, 

service delivery, and patient outcomes (38) . Globally, only eight active CR registries exist (38). 

These are national CR registries, i.e., serving only their own CR programs, of Austria, Japan, 

Denmark, Germany, Mexico, China, the United States of America (USA), and the United 

Kingdom (UK) (38) . There were two CR registries but are no longer functioning: Canada National 

CR registry (in the process of being re-initiated), and the International European Cardiac 

Rehabilitation Registry, which includes 69 centers in 12 European countries (EuroCaReD). Three 

studies were derived the EuroCaReD to provide insights on CR service provision and outcomes 

across Europe (70-72). These registry-based studies revealed some gaps in the CR service delivery 

and clinical practices. For example, the study by Benz et al. (2017) showed that Europe has 

different program designs, indications, clinical characteristics of patients, and poor adherence to 

the recommended guidelines (70). It was clear that there was an underrepresentation of women in 

CR programs (76% of patients were male). The indication for CR varies among countries. The 

predominant indication was acute coronary syndrome in Switzerland (79%), Portugal (62%), and 

Germany (61%); elective percutaneous coronary intervention in Spain (32%), Austria (36%), and 

Greece (37%); coronary artery bypass graft surgery in Russia and Croatia (36%). Minority of 

patients presented with chronic heart failure (4%). There were various CR delivery models, i.e. 

durations ranged from 3 to 24 weeks with a total number of sessions between 30 and 196 sessions. 

Ultimately, patients’ CV risk profiles had only modest improvements with higher rates of exercise 

capacity among young patients and those who were employed. Overall, the data from the 

international registry showed that there was a country-specific CR effect. Documentation of CR 
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results in Europe was not sufficient due to  incomplete electronic case report form (70).  

The second study demonstrated improvement in CVD risk factors, including blood pressure, low-

density lipoprotein, body mass index, and fasting glucose among patients enrolled in the program 

compared to non-enrollee. However, this registry-based study underlined gaps in program 

completion with 70% of patients (72).  

In the third study, researchers assessed predictors of dropping-out from different CR programs in 

the 12 European countries (71). The study showed a high percentage of patients dropped off the 

program for unspecified reasons of program interruption, which highlights the need for further 

research and investigations. Other drop-out related factors were recurrence of events and 

comorbidities, while the dropout rate was not influenced by age, gender, or initiating event.  This 

indicates that these subgroups need special attention in CR programs (71). In summary, these 

results from the International European Cardiac Rehabilitation Registry underline the importance 

of registries in revealing gaps in clinical practices and priority areas to improve services. However, 

the European registry only served CR programs in Europe. Apparently, there is a need to establish 

a CR registry to monitor the quality of CR services and adherence to evidence-based guidelines, 

especially in LMICs or low resources settings where there is a rising incidence of CVDs (7).  

2.4.1 Development of the International Cardiac Rehabilitation Registry (ICRR) 

Rationale: There is only one CR registry, Chinese, in LMICs, where CVDs are most prevalent 

with 80% of total CVD death taking place in these countries (38) . In response to the lack of CR 

registries in LMICs and to the request of members, the International Council for Cardiovascular 

Prevention and Rehabilitation (ICCPR) has developed a health services registry, namely the 

International Cardiac Rehabilitation Registry (ICRR) for CR programs in low-resource settings 

(19). The registry aims to determine the quality and effectiveness of CR delivery in low-resource 
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settings; describe care patterns, variations in treatment, and outcomes; provide evidence for 

advocacy and policy; and conduct research. Moreover, the ICRR may support standardization and 

optimization of CR delivery internationally.  

The registry was developed based on best practices in registry development and operation, 

and usability tested based on the Unified Theory of Acceptance and Use of Technology 2 (UTAUT 

2) (59), which was covered in the next section (73). Generally, before the final launch of the 

registry, it goes through several tests to ensure optimal utility. 

Registry Development: Initially, a review of best practices in registry development was 

carried out; results of Medline search, policy-type papers, and grey literature were considered. 

Therefore, development of the ICRR comprised of 5 steps (Figure 1) (39), which was finalized 

based on evidence-based guidelines and best practices for developing clinical registries (21, 59, 

64, 74-77), namely, the Agency for Healthcare Research and Quality (AHRQ) Registry User's 

Guide (64) and Mandavia et al. (75). These steps include: planning, governance, dataset, 

mitigating challenges, and registry initiation. 



 

14 

 

 

Figure 1. Five-Step registry development process with ICRR activities 

In the planning phase, funding of the registry was secured through a collaboration by Qatar and 

York Universities, the International Research Collaboration Co-Fund (IRCC # 2005); the registry 

infrastructure was set, i.e. software hosted by Dendrite and all issues related to security/privacy as 

well as registry scope/protocol and inclusion/exclusion criteria. Dendrite has implemented over 

170 major national/international registries and is an approved registry supplier. Dendrite’s 

information security arrangements are regularly (every 12 months) assessed and certified by the 

UK Department of Health to ensure Dendrite’s compliance with the strict information 

governance/security (Data Security and Protection Toolkit) requirements. Dendrite has 

successfully passed all assessments. The latest Dendrite’s certification shows ‘Standards 

Exceeded’ – this is formally published on the Data Security and Protection Toolkit website: 
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https://www.dsptoolkit.nhs.uk/OrganisationSearch?searchValue=8HJ38. Dendrite code is: 8HJ38 

Dendrite’s systems and processes are also regularly certified by CyberEssentials. Registry data 

will be stored in perpetuity. 

 

 This phase involved setting the registry objectives, where input for ICRR objectives, mentioned 

above, was solicited and approved by the ICCPR Executive. As soon as the registry objectives are 

in place, the second step is establishing an ICRR governance committee to ensure sustainability 

and goal achievement through and day-to-day management of the registry. The governance 

included executive committees and a steering committee with sub-committees comprised of CR 

experts from all regions of the globe (Figure 2, see https://globalcardiacrehab.com/ICRR-

Governance).  

 

 

Figure 2. Organization chart of the international cardiac rehabilitation registry (ICRR) 

 

ICCPR Exec

ICRR Exec

ICRR Steering 
Committe

User's Group
Research and 
Dissemination

Other registry 
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https://www.dsptoolkit.nhs.uk/OrganisationSearch?searchValue=8HJ38
https://globalcardiacrehab.com/ICRR-Governance
https://globalcardiacrehab.com/ICRR-Governance
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Dataset and variable selection presented the third step of the ICRR development. ICRR variable 

selection followed a rigorous, stepwise approach. It is based on recommendations by Core 

Outcome Set-STAndards for Development (COS-STAD) (78), and considered AHRQ Outcome 

Measures Framework (i.e., characteristics, treatment, and outcome domains) (64). First, data 

dictionaries of all existing CR registries were obtained and reviewed for common data elements 

and core outcome sets. Second, twenty-one purposively-identified stakeholders and experts 

served on a Delphi panel to rate the variables from other registry sets. The panelists were asked 

to add variables, perceived importance, to the list and to provide input on each variable definition 

to finalize. They rated variables to be used as indicators for benchmarking in registry dashboards 

and for patient lay summary. Eventually, the final list was publicly available for comments, all 

comments were integrated, as appropriate, in the final version of the variable list. The final list 

included a set of 29 variables: 12 program reported and 17 patient-reported variables (Appendix 

A), see here 

https://globalcardiacrehab.com/resources/Documents/ICRR%20Data%20Dictionary_v8-

3clean3.pdf ). 

The fourth step is anticipating and mitigating challenges through usability testing; one needs to be 

aware of cross-cutting challenges, such as completing data and reaching consensus on data 

requirements, data governance, and legal factors before launching the registry, which is the last 

step. Usability testing is the scope of this study and methods were described in details in Chapter 

3. Usability testing of the ICRR was informed by the Unified Theory of Acceptance and Use of 

Technology 2 (UTAUT 2) in Chapter 3. 

 

 

https://globalcardiacrehab.com/resources/Documents/ICRR%20Data%20Dictionary_v8-3clean3.pdf
https://globalcardiacrehab.com/resources/Documents/ICRR%20Data%20Dictionary_v8-3clean3.pdf
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2.5 ICRR Usability 

Usability is a key characteristic of software quality. The software quality model consists of 

six dimensions, namely functionality, portability, maintenance, efficiency, reliability, and  

usability (79). Different standards and researchers have different definitions of usability in the 

literature. According to the International Organization for Standardization  ISO 9241-11, usability 

is defined as the capability of a product to assist a user with achieving a specific objective with 

efficiency, effectiveness, and satisfaction in a defined context (80). Software usability contributes 

directly or indirectly to software quality issues. These often lead to poor efficiency and 

ineffectiveness. As a result, many users may find it difficult to use specific software, which affects 

its acceptance by end-users and ultimately its successful implementation. While the number of 

eHealth apps has grown exponentially, the number of studies that report the results of usability 

testing on these apps has not increased at the same rate. Only a few digital health applications 

published their usability evaluation results. (81). The results of a scoping review for 133 studies 

reported the most common methods were used for usability testing for eHealth applications 

(websites, PC software, smartphone and tablet applications), in decreasing order of frequency as 

the following: questionnaires (n=105), task completion (n=57), 'Think Aloud' (n=45), interviews 

(n=37), heuristic testing (n=18) and focus groups (n=13) (See Figure 3) (81). Further iterations of 

the app were reported in a minority of the studies (n = 41). The most ten health conditions or 

diseases were evaluated for usability were: mental health (n = 12), cancer (n = 10), nutrition (n = 

10), child health (n = 9), diabetes (n = 9), telemedicine (n = 8), cardiovascular disease (n = 6), 

human immunodeficiency virus (n = 4), health information systems (n = 4) and smoking (n = 4). 
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           Figure 3. Qualitative methods of testing. 

 

 

According to the review the most common form of evaluating usability in eHealth applications is 

a questionnaire, which provides an overall measure but does not identify specific problems. The 

System Usability Scale (SUS) was the most frequently used questionnaire (n=44). Overall 

successful implementation of any eHealth app depends on its acceptance and usability. Thus, used 

a mixed-methods design comprising Think-Aloud, semi-structured interviews and SUS to test and 

explore in-depth the usability of the ICRR to ensure the applicability, optimal utility and successful 

implementation of the registry before its launch. 
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2.6 System Usability Scale (SUS): Evaluation of users’ experience and system usability 

User Experience (UX) is currently a key factor in establishing the quality of a product or service 

(82). User Experience is defined by the ISO 9241-11 (83) as a person’s perceptions and responses 

resulting from the use and/or anticipated use of a product. Among the methods to evaluate UX is 

the standardized questionnaires, in which end-users describe their perception regarding aspects 

such as whether the product is easy to use, clear, confusing, or original, among others. A systematic 

review including 553 studies revealed the most standardized questionnaires used to evaluate user 

experience: AttrakDiff, UEQ, and meCUE. 38.5% of the studies reviewed used the standardized 

UX evaluation questionnaires as the only evaluation method, while the 61.5% of the remaining 

primary studies (340 studies) used between one and five complementary methods, among which 

is the SUS usability questionnaire, which stood out and reported in 120 studies analyzed. SUS is 

a valid and reliable instrument to measure perceived usability. It has been shown to effectively 

distinguish between unusable and usable systems even with very small sample sizes of 8-12 users 

with less effort and less expense (84). It correlates highly with other questionnaire-based 

measurements of usability (concurrent validity) (85). The items selected for the SUS were those 

that provided the strongest discrimination between the systems. In the original paper by Brooke 

(1996), he reported strong correlations among the selected items (absolute values of r ranged from 

0.7 to 0.9), but he did not report any measures of reliability or validity.  SUS yields a single number 

representing a composite measure of the overall usability of the ICRR. It is short; consists only of 

ten items on a five-point Likert scale from 1-5 (strongly disagree to strongly agree). The scale 

alternates between positive items. e.g., “I thought ICRR was easy to use”, and negative items, e.g. 

“I found ICRR unnecessarily complex” (86).   
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CHAPTER 3: METHODS 

 

3.1 Theoretical Framework: 

Our theoretical framework is based on the combination of the Unified Theory of Acceptance and 

Use of Technology (UTAUT2) and the International Organization for Standardization (ISO) for 

assessing usability based on software quality, specifically ISO 9126. UTAUT 2 (Appendix B) is a 

robust framework which contributed to understanding a critical research area in information 

systems, specifically evaluating users’ acceptance of  technology (87). This area of research proved 

to be remarkably important because using technology to improve productivity requires individuals’ 

acceptance and adoption. In this context, several competing models rooted in different sciences 

such as psychology and sociology have been developed, each with a different set of acceptance 

determinants (88). The theory has been applied in numerous research field and proved to be very 

useful in understanding the determinants of adopting new technology (89-91). In this study, the 

interview guide (Appendix C) and subsequent analysis were based on UTAUT2 (73, 87, 92), which 

was consolidated from eight models. The eight models explained only between 17 and 53 percent 

of the variation in user intentions to use new technology. In contrast, the UTAUT and its extension 

UTAUT2 (Appendix B) significantly improved this to explain 70 percent of the variation in 

behavioural intention and 50 percent of the variation in technology use (73, 87, 92). Based on the 

UTAUT framework, an individual's intention to use technology is influenced by four fundamental 

constructs: performance expectancy (individuals’ beliefs that using the system will improve their 

job performance), effort expectancy (how easy a system is to use), social influence (how much the 

social network appreciates the use of technology), and facilitating conditions (organizational and 
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technical infrastructure in place to support the use of the system). The extension of UTAUT to 

UTAUT2 added more constructs to the framework, such as hedonic motivation construct (level of 

enjoyment), price value constructs (trade-off between perceived benefits and monetary costs), and 

habit construct (length of time that passes since the first technology usage) (92), these constructs 

are moderated by individual differences, such as age, gender, and experience. Similar to what 

previous research has revealed, it is worth noting that a subset of these constructs was adopted in 

our usability tests, based on the nature of the study (93).   

ISO and the International Electrotechnical Commission (IEC) have developed several standards 

for assessment of usability of a software (80). Namely,  ISO/IEC 2501n was used to inform the 

qualitative analysis along with the UTAUT2. The ISO/IEC 2501n is a model with 6 elements:  

appropriateness recognizability (users' ability to determine whether a product or system is suitable 

for their needs), learnability (the extent to which a product or system can be used by specified 

users to meet specified goals, including effectiveness, efficiency, freedom from risk, and 

satisfaction in a particular context), operability (measure of how easy it is to operate and control a 

product or system), user error protection (system's ability to prevent users from making errors), 

user interface aesthetics (product or system attributes that increase the user's satisfaction and 

pleasure), and accessibility (the extent to which a system or product can be used by people with 

the broadest range of characteristics and capabilities to accomplish a targeted objectinve within a 

specified context) (80). 

3.2 Methods  

 This mixed-methods study was conducted between 5 May and 4 September 2021 among CR staff 

from LMICs.  We employed three methods to achieve the study objectives: Think-Aloud Method, 

semi-structured interview and the SUS quantitative survey. Think-Aloud methods are considered 
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the “gold standard” for usability testing (94).  It is an observational technique in which participants 

verbalize their thoughts when performing tasks, used to elicit insights into their thought processes 

that would not be obtained by only observation (95). We reported the participants’ verbalized 

thoughts, facial expressions, and gestures while using the registry. The Think-Aloud technique 

allowed us to discover how users feel about the ICRR design, particularly their misconceptions 

and challenges, which led to actionable redesign recommendations, followed by implementation 

to enhance the registry. When users misinterpreted design elements, we documented them to 

change the registry (96). The semi-structured interview consisted of questions derived from 

concepts of UTAUT2 (73, 87, 92). The interview included 15 questions that speak to five of the 

UTAUT2 concepts as described in Table 1. 

Table 1. The link Between UTAUT2 Concepts and the Interview Questions 

UTAUT2 Concepts Related Question 

Facilitating conditions Questions: 1, 4, 5, 7, 8, 11, 15 

Effort expectancy Questions: 2, 3, 6-8, 10, 15 

Performance expectancy Questions: 8, 9, 13 

Social influence Question: 12 

Price value Question: 13, 14 

 

The third method is the System Usability Survey, composed of 10 items (Appendix D). It was used 

to measure the overall participants’ satisfaction on the use of the ICRR among participants and 

challenges faced. More details about the SUS survey are presented below under “Measures” 

section. This study was reported in concordance with the Consolidated Criteria for Reporting 

Qualitative research (COREQ). COREQ checklist covers the reporting of qualitative studies 

utilizing interviews, it was developed to ensure that focus groups and interviews are reported 

explicitly and comprehensively, COREQ consists of 32 criteria, each accompanied by a 

description (Appendix E). 
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3.3 Participants 

CR staff working at a CR program meeting inclusion criterion: (a) programs had to be offering 

Phase II (i.e., post-acute, outpatient); (b) programs in a low resource setting as defined above. 

Exclusion criteria were: (a) inability to read and communicate in English and (b) residing in a 

country which already has a CR registry or where one is in development (38). For instance, given 

the European Association of Preventive Cardiology plans to develop a registry, no participants 

were sought from that region. Previous research suggests that 85% of usability problems can be 

discovered by four or five participants, while 100% can be discovered by 15 users (82, 97, 98). 

Therefore, we initially aimed for 15 interviews, interviews were continued until similar themes 

emerged indicating saturation with 12 participants. 

  

3.4 Recruitment 

Potential participants were recruited through the ICCPR’s network (~60 council/friend member 

associations and the ICCPR’s program email distribution list). CR programs were contacted via 

email and social media, where they were informed about the study and invited to participate. CR 

staff were selected purposively to meet the above inclusion/exclusion criteria, i.e. present CR 

programs in LMICs/low resource settings from all the WHO’s regions, but Europe, as well as from 

diverse healthcare disciplines (e.g., physician, physiotherapist). The word interviewee or 

participant in the study refers to CR program’s staff who consented to take part in the study. 

Participants were directed to ICRR’s website to read the information about joining the ICRR 

(https://globalcardiacrehab.com/ICRR_sites). Then, informed consent was sent to their emails and  

they were asked to review and sign before the interview, or they could discuss the contents at the 

outset of the interview and sign before it began (i.e., written consent). Copies of relevant registry 

https://globalcardiacrehab.com/ICRR_sites
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materials (e.g., data dictionary, information on navigating ICRR’s ancillary features such as 

outcome dashboards and data export) as well as a login to the ICRR demonstration (“demo”) site 

were provided to participants, and told to familiarize themselves before the usability test. 

Participants were asked to share a copy of the patient information letter and consent form with 

some patients as well as the variables /survey for the patient report, and the patient lay summary. 

The aim was to obtain some input from patients to share with the research team during the 

interview of the usability test. Participants were asked to be ready to enter the data of a patient, 

who has completed their program, during the test, ensuring they do not reveal the identity of the 

patient, and complete a program survey detailing the structural aspects of their program such as 

the number of prescribed sessions and duration, on which registry post-test assessment timing is 

based. Finally, a copy of the interview guide (Appendix C) was provided where participants were 

interested. 

3.5 Data collection 

At the beginning of the interviews, we asked participants to open their webcameras to 

facilitate the interviewers’ observation during data entry (Appendix C). We reminded all 

participants not to respond in a socially desirable manner to reduce self-report bias. Basically, 

social desirability refers to research participants’ tendency to provide answers to surveys and 

experiments to appear more attractive.   

Then, we asked the participants to log in to the ICRR demo site (Figure 4; see https://demo.e-

dendrite.com/icrr/;) and share their screen, as well as to have their data dictionary readily 

accessible. After that, we instructed the participants to enter pre and post-program data on the 

graduated patient (patients who completed CR program), whom they had pre-identified, while 

thinking and talking aloud. During data entry, we noted and documented the interviewee's thoughts 

https://demo.e-dendrite.com/icrr/
https://demo.e-dendrite.com/icrr/
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spoken out loud to enhance data collection. Notes included aspects of the context of the test, facial 

expressions, and gestures that would not be recorded, and some ideas raised by the participants in 

the process were noted as well. 

 

Figure 4. Screenshot of the international Cardiac Rehabilitaion registry: patient data entry 

interface. 

 Afterwards, a semi-structured interview was conducted to explore the topic in depth. The 

interview guide (Appendix C) and subsequent analysis were based on concepts of UTAUT2 (73, 

87, 92). Interviews with CR staff were conducted in a private and quiet environment, through video 

conferencing platform using a computer and lasted on average 60 minutes. 

Finally, email invitations were sent to participants from Research Electronic Data Capture 

REDCap to complete the System Usability Scale to assess participants acceptance of the ICRR 

(Appendix E, also see Figure 5 for summary) (86). REDCap is a web-based tool developed by 

Vanderbilt University for collecting data for clinical research and for creating databases and 

projects, REDCap provides a secure environment for research teams to collect and store highly 
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sensitive data (86, 99). 

 

Figure 5. A summary of the methods used for this mixed-methods study. 

Observing participants while entering the data provided a rich understanding of the participants’ 

experience in their natural environment, and better insight about challenges they faced during data 

entry, through their spoken thoughts and facial expression. We conducted the interviews until 

similar themes emerged indicating saturation, which means no further data collection or analysis 

is needed.  

 

3.6 Measures 

The instructions for the Think-Aloud segment of the usability test were standardized (Appendix 

D). The interview guide (Appendix D) was developed based on previous knowledge (100, 101) 

and informed by UTAUT2 theory (73); the interview questions aimed to invite variation on the 

following parameters: registry adoption (e.g., effort expectancy for approvals, patient consent), 

perceived ease of use/operability, system characteristics such as variables and patient report, as 

well as perceived usefulness of ICRR output to support quality improvement and other program 

Think Aloud

(Outcome: 
themes)

Semi-
structured 
interviews

(Outcome: themes)

System Usability 
Scale (outcome: 

Rate satisfaction)

Modification of 
ICRR based on 

themes
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needs. We strived to ask open ended questions to understand participants’ point of views  about  

the challenges and facilitators  of adopting and using the registry. 

For the quantitative part, the SUS survey was emailed to participants (85, 86, 102-105), and asked 

to rate the usability of the ICRR. The SUS is used by the ISO 9241-11 (86, 103, 104). It consists 

of 10 items, each rated on a five-point Likert scale from 1-5 (“strongly disagree” to “strongly 

agree”). The scale integrates positive and negatively-framed items to account for biases resulting 

from the respondent’s potential lack of attention while completing it (86). A total score was 

calculated using Brooke’s standard scoring method (86); each item contributes to the final score 

with a range of 0-4, with 4 being the most positive. For positively worded items (1, 3, 5, 7, and 9) 

the score contribution for each item is the user’s response for that item minus 1, while for 

negatively worded items (2, 4, 6, 8, and 10) the score contribution for each item is 5 minus the 

user’s response. Then, the total score is multiplied by 2.5 to obtain the overall value of SUS on a 

scale from 0-100 (this scale score should not be interpreted as percentages) (106). A SUS score 

above  68 is considered above average and a score below 68 is below average (107).  However, 

the best way to interpret score is to convert it to letter-grades (from A+ to F) based on percentile 

ranks (105). An A+ grade corresponds to an average SUS score of 84.1-100 as described in Table 

2. The SUS is a valid and reliable instrument to measure perceived usability. It has been shown to 

effectively distinguish between unusable and usable systems even with small sample sizes of 8-12 

(84). It correlates highly with other questionnaire-based instruments of usability (85).   
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Table 2. SUS Scoring Numeric and Alphabetical System 

Grade  SUS Percentile Range Adjective Acceptable 

A+  84.1-100 96-100 Best imaginable Acceptable 

A  80.8-84.0 90-95 Excellent Acceptable 

A-  78.9-80.7 85-89 
 

Acceptable 

B+  77.2-78.8 80-84 
 

Acceptable 

B  74.1-77.1 70-79 
 

Acceptable 

B-  72.6-74.0 65-69 
 

Acceptable 

C+  71.1-72.5 60-64 Good Acceptable 

C  65.0-71.0 41-59 
 

Marginal 

C-  62.7-64.9 35-40 
 

Marginal 

D  51.7-62.6 15-34 ok Marginal 

Source: UIUX Trend. Measuring and Interpreting System Usability Scale (SUS) 2021 

[https://uiuxtrend.com/measuring-system-usability-scale-sus/] 

 

3.7 Data Analysis 

Interview analysis was concurrent with data collection. Recorded interviews were transcribed 

verbatim, behavioral observations and participant comments from the Think-Aloud method, 

including facial or verbal expressions as participants navigated ICRR screens, were considered. 

Transcribed interviews were analyzed using thematic analysis NVIVO 1.5.1 software (108). 

Thematic analysis was undertaken in several steps to categorize contents allowing training and 

calibration sessions, the coding and grouping process was conducted by another researcher along 

with me, the first author, to ensure soundness and trustworthiness. The inter-rater reliability is 

expected to be high with coding discrepancies in three occasions, where a discussion was carried 

out and a consensus reached. Data analysis started with reading the interview transcripts and field 

notes several times line-by-line in order to gain an overall understanding and identify essential 

codes. Meaningful codes were derived through open coding, then these codes were sorted into 

groups through axial coding based on the study's objective, axial coding was done by grouping 

https://uiuxtrend.com/measuring-system-usability-scale-sus/
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similar codes into subcategories and then further combined into one main category in relation to 

the study objectives. Finally, each category was unified around one major category, which 

represented the study's resulting themes (Figure 6 & Figure 7).Emerging themes were supported 

by meaningful quotations (verbatim, except for some minor edits, which were made to increase 

clarity in the case where the respondent's first language was other than English). Themes with sub-

themes were then shared with all interviewees to inquire whether they resonated, and request any 

input to ensure credibility (i.e., member checking) (109).  

 

Figure 6. Screenshot of codes using NVIVO (1) 

 

Figure 7. Screenshot of codes using NVIVO (2) 
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3.8 Ethical Approval 

The study was approved by Qatar and York Universities Office of Research Ethics (e2020-147; 

Toronto, Canada; QU-IRB 1518-EA/21; Doha, Qatar) (Appendix F & Appendix G).  
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CHAPTER 4: RESULTS 

Sixteen CR staff expressed interest in participating. As shown in Table 3, ultimately, we conducted 

12 interviews before saturation was achieved. CR staff had various disciplines from in all the 

WHO’s regions but Europe (67% female). The four who were not interviewed were from Latin 

America, which was already well-represented in the sample. Participants worked in both privately 

and publicly funded programs. One was from a rural area. The tests and interviews combined 

averaged one hour in duration. 

Table 3. Characteristics of the Interviewees 

ID# Sex Discipline WHO’s Region1 

1 F Kinesiology (program manager) Region of Americas 

2 M Cardiology Region of Americas 

3 F Cardiology Region of Americas 

4 F Kinesiology Region of Americas 

5 F Physiotherapy (with Ph.D.) Region of Americas 

6 F Physiotherapy (Ph.D. student) South-East Asia 

7 M Physiotherapy (with Ph.D.) Region of Americas 

8 F Nursing Eastern Mediterranean 

9 M Physiatry (physical medicine and rehabilitation)  Eastern Mediterranean 

10 F Cardiology Western Pacific  

11 F Physiatry (physical medicine and rehabilitation) Western Pacific  

12 M Kinesiology (program director) African Region 

1 WHO: World Health Organization 
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4.1 Usability Tests: Think -Aloud 

Overall, participants were readily able to navigate the demo registry to enter the pre and post-

program data. It was evident that most of the variables were assessed in their routine practice and 

definitions were consistent with their practice, such as tobacco use, blood pressure, body mass 

index, functional capacity, quality of life, work status, and education level. Participants used 

different functional capacity tests at their programs, but the data dictionary (the relevant excerpt 

of which is available in the registry screen in an information bubble provides information on how 

to convert the various measures to metabolic equivalents of task (METs); several participants 

successfully converted values during the usability test (ID5, ID6).  

Based on participants’ spoken thoughts and utterances, suggestions for changes to the ICRR were 

raised, shown in Table 4. For instance, with the registry itself, some software glitches were 

identified (could not edit participant email for patient-reported outcomes; ID3), the definitions of 

some variables required clarification (e.g., years of education, ID12; referral diagnoses cardiac 

only and other diagnoses to be reported elsewhere, ID1), the response options or ranges on some 

variables required modification (e.g., the maximum number of sessions, ID12; entering multiple 

referral interventions, ID12), and the addition of an optional variable pre and post-program was 

suggested (e.g., blood glucose, ID6). All of these suggestions were implemented. 
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Table 4. Results of Think-Aloud Technique and Semi-Structured Interviews with the Main ICRR Changes 

Made, with Supporting Quotes as Appropriate 

 
 Registry Interface Changes Supporting Quote(s) Theme/Subtheme* Usability Theoretical 

Construct  

1 When entering the wrong patient 

phone number on page 1, keep getting 

an error when trying to edit it; 

prevents you from entering the correct 

value or making it blank (rectified)  

 

Ooh! I keep getting an error 

Registry navigation / 

usability 

 

Effort expectancy 

(Ease of use) 

 

2 Added site-specific name and/or logo 

to patient report emails /texts & lay 

summary  

“Could you brand with your own 

stuff?” (ID1) 

Patient electronic 

report 

Facilitating conditions 

3 Need to specify years of schooling 

starts from grade 1; added to data 

dictionary and “i” bubble in registry 

interface 

“Yeah, searching for how many years 

that patient does formal schooling, So I 

want to say at least five, at least. 

Well...” (ID12) 

“No, no, this is from first ever grade”. 

(Interviewer) 

Measurement 

operationalization 

Learnability 

4 Added a blank variable with free-text 

to pre- and post-program report pages, 

so sites can add data they wish (e.g., 

blood glucose) 

 “Oh, what about those sugar levels? 

What is the reason why that wasn't 

looked at? The sugar level is one the 

values that gets collected very 

frequently in our center, and we believe 

that if that's under control and the 

disease, a major part of the disease is 

under control.” (ID11) 

Variables missing / 

could be added 

System characteristics 

5 Increased maximum number of 

supervised sessions from 150 to 199 

(had inserted minimum and maximum 

for all continuous variables to 

minimize data entry errors)  

“You will be surprised with this patient 

because he is a champ.  

He's now coming for a whole year five 

times a week; every single day he is 

coming” (ID12) 

Variables and their 

definitions 

 

System characteristics 

6 Added further navigational 

instructions regarding moving through 

registry pages, and exiting (including 

before all data entered for a patient) to 

data dictionary  

 

“The drop-down options on the top 

right through which you select the 

various pages, I didn't figure out in the 

beginning; I just tended to select the 

option “save and next” to get to the next 

page. So initially, when I tried the 

registry, I completed only five pages, 

but then I saw two remaining pages.” 

(ID 6) 

 

“Initially, I got confused between the 

pre and the post [assessments], because 

I hadn't gone to all the pages. So 

initially, when I was filling in data, I 

was not sure which to put in. But then 

once I figured out the pages from the 

drop-down options, I realized which 

page I had to navigate to” (ID 6) 

Easy to navigate data 

entry screens 

 

how to save and exit 

to come back later 

 

Operability 
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 Registry Interface Changes Supporting Quote(s) Theme/subtheme* Usability Theoretical 

construct  

7 Added to data dictionary to ask 

patients to get blood pressure with 

available automated device at follow-

up assessments, if possible, if patient 

cannot come in and to mitigate 

attrition bias 

“So, we have both, face-to-face exercise 

and then we also just recently added the 

online for patients who couldn't come 

face-to-face; like they had like some 

conflicts at work. But since then, since 

COVID, we started also a home 

program .... There are patients who have 

BP [blood pressure] monitors at home, 

so we get this information”. (ID6) 

 Loss to follow-up Effort Expectancy 

8 Concern about benchmarking against 

all programs in registry dashboards. 

For example, how urban programs are 

being compared to rural programs and 

how these results are aggregated in 

the registry dashboard. 

  

Change: we Made note in the registry 

ancillary features file about how they 

are benchmarked against all 

programs, but the ICRR could give 

them information about the average 

patient and program characteristics of 

participating sites to which they are 

being compared, and that they should 

interpret the dashboards with 

knowledge of their local program. The 

research sub-committee will do 

adjusted analysis, considering other 

factors (e.g., region, whether 

programs are academic, disease 

severity)  

“So, the only concern is that when it 

comes to all sites, it will be comprised 

of sites that are rural and urban. For 

example, if the majority of programs 

participating in the registry are from 

urban settings, probably. Gives us a 

different picture for quality. If I say 

maybe if the graph could be split 

between the two. Yeah, then your rural 

programs could always compare 

themselves with other rural programs. I 

understand then whether they are 

performing adequately” (ID6) 

Theme 2: benefits for 

the program. 

 

Subtheme: feedback 

mechanisms 
 

Performance 

Expectancy  

* Refer to Figure 8: Emerged themes/subthemes 

1 
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4.2 Usability Themes 

Four major themes emerged from the interviews, as shown in Figure 8,also refer to  

screenshot of  NVIVO analysis (Appendix H) . Exemplary quotes are shared for each 

below, with some text added in square brackets in some instances to provide context of 

interviewer question for clarity. Themes 2, 3 and 4 helped to understand our first 

objective: to explore CR staff perception of the usefulness of the registry to support CR 

services’ quality. While all themes contributed to understand our second objective: to 

explore in-depth CR staff’s challenges and facilitators to use and adopt the registry. 

Theme 3 and 4 helped to understand our third objective: To utilize CR staff’s feedback 

to enhance the ICRR structure, design, and improve all related materials e.g., data 

dictionary, program survey, and patient’s reports (Figure 9). 
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Figure 8. Emerged themes/subthemes. 
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Figure 9. Study's objective and contributing themes. 
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4.2.1 Theme 1: Ease of Approvals, Adoption and Implementation 

This theme comprised 5 sub-themes, with the first 3 regarding approvals, staff and time 

relating to the usability theoretical constructs of facilitating conditions and effort 

expectancy of the UTAUT 2 framework. The subthemes of registry navigation and 

application to private as well as public centers relate to the usability theoretical 

constructs of perceived ease of use and operability.  

ICRR on-boarding involves securing institutional signature on a site agreement as well 

as research ethics approvals. Most participants perceived they could secure these 

approvals, but noted the time required for the latter. Participants at privately-funded 

programs sometimes did not have a research ethics board associated with their 

institution, so they stated they would need to reach out to collaborators to secure 

approval elsewhere and it would cost. Programs had someone on staff with the 

necessary institutional appointments to be eligible to apply for ethics approval.  

“I have two centres here. One mine, it’s a private centre, so I have 

no problem to install these kinds of registry in my program. And I 

have another workplace that's an institution, it's a hospital. And 

there is of course, an ethical committee and investigation 

committee. And of course, I have to propose to that committee.” 

(ID2) 

“I mean if the program director doesn't have an academic 

appointment, he wouldn't be able to apply for ethics. So, I'd have to 

get our medical director to do it I think because he's an appointed 

professor overseeing students. I mean you'd have to have someone 

with an academic affiliation.” (ID1) 
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Participants talked about which staff would enter data in the ICRR, and how they would 

carve out time to do so from their full clinical schedules. Most programs were small 

with few team members. Some of the physician participants wanted to enter the data 

solely to ensure it was of the utmost completeness and quality. Ideas to ensure data 

entry feasibility included engaging trainees and administrative staff, as well as 

exploiting the patient report feature.  

“I must be honest here. This is probably my major problem, it’s 

time”. (ID12) 

“Yes, we have a lot of work, but because it's pretty important, all 

the data I collect it's by me personally. The administrative staff will 

take care about all this administrative stuff.” (ID3) 

“I was thinking about this [using a trainee to enter the data] when I 

read the questions and well, I think we can find a way to do that 

because we're really interested. I think it's a good idea. It's an 

excellent idea. We have to promote this.” (ID2) 

 

On a related note, to the above, participants discussed the need for time to adopt and 

make optimal use of the registry. They recognized the amount of time would be needed 

for approvals as outlined above but found the registry so easy to use they thought the 

on-boarding process would not be time-prohibitive. They did raise about the time to 

enter the data in terms of duplication with their data collection requirements at their 

institution (e.g., MS Excel, electronic health records, paper charts which they often 

showed with pride); they commented that there would need to be a real champion 
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dedicated to the value of the registry to ensure the variables were entered. They did 

appreciate the lay discharge summary feature, which they perceived rendered the effort 

to enter the data worthwhile.  

“We should improve our health information system because we use 

paper.” (ID9) 

“Yes. Here we have maybe a little problem because we have a lot of 

work and also, we have our own database in which we are making 

the registry of all the variables on our patients. And that of course 

is a lot of work. There’s just me and maybe one or two cardiologists 

that could be doing it.” (ID2) 

“There are two cardiologists. There are two physical therapists; I 

have one specialist that maybe could also help me in this.” (ID2) 

“Having something like this, like, the amount of time would take me 

to input the data would save me the amount of time that it's going to 

take me to write the report.” (ID1) 

Participants verbally reported the ease of using the software, logging in, navigating and 

exiting the patient data entry area of the registry made it seem the ICRR would be quite 

seamless to adopt. No matter the region, all participants were able to access the patient 

lay summary, download an outcome dashboard figure, as well as export their entered 

data. 
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“It was easy actually to enter the data and to get in, to log in. And 

it's actually short, you know, the time you spend. and so, it's okay.” 

(ID8) 

 “Yes, I can [export the entered data and download the patient lay 

summary].” (ID5)  

Finally, participants, including those worked at private and publicly-funded centers, 

perceived the registry would work well in both contexts, although motivations for 

adoption may be different. Participants from privately-funded programs were 

particularly interested in the program certification option leveraging data entered into 

the ICRR (https://globalcardiacrehab.com/Program-Certification ).  

“So, it will be nice to participate in this program. I think it's very 

important to be a member of this project, and we should start 

working from now to prepare our submission to the ethical 

committee.” (ID9) 

Overall, most participants perceived they could secure the ethical approvals, but noted 

the time required to secure them. Participants perceived ICRR easy to use in terms of 

using the software, logging in, navigating and exiting, which made ICRR seamless to 

adopt, but they did raise some concerns regarding the time to enter the data, and the 

need to dedicate a real champion for data entry. They did appreciate the lay discharge 

summary feature, which they perceived rendered the effort to enter the data worthwhile. 

 

 

 

https://globalcardiacrehab.com/Program-Certification
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4.2.2 Theme 2: Benefits for Programs  

This theme comprised 2 subthemes. The first around research utility relates to the 

theoretical construct of Performance Expectancy and perceived usefulness. Similarly, 

the other subtheme was around the utility of the many ICRR feedback mechanisms, and 

related to the usability theoretical constructs of output quality, performance expectancy. 

Interviewees raised many benefits of participating in the registry, which would 

outweigh or at least balance the downside of time required to get approvals and enter 

data for each patient. Participants working at academic centers noted how readily the 

registry lends itself to research. They wanted to know how contributing programs could 

be involved in research and how their participation would be recognized. They were 

pleased with the ready ability to download their own site data at any time for research 

or other purposes. 

“So, once we use this registry, this is kind of a database for 

research.” (ID2) 

“I think for us low- and middle-income countries or developing 

countries, it's important to participate in this registry. To compare 

our program, and our results of this program with the other 

countries, and to improve our program and develop our 

rehabilitation.” (ID9) 

“All the information we have already entered in the database I 

think will be used and analysed. It's simple. It's the most important 

things and it's a great initiative.” (ID3) 

Participants noted four in-built feedback mechanisms they perceived as major benefits 
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of the registry. First, they could see how they could use the outcome dashboards to 

fulfill reporting requirements in their institution. Although the variables were not 

exactly consistent with what was required, it was perceived they would complement 

them nicely. Participants did express desire, but for some other comparisons for the 

outcomes other than the two available; they requested to compare to only other 

programs in their region rather than all programs in the registry, and where applicable 

to compare to only programs outside of urban and/or academic centers.  

“So, I think it's good. It's useful. I mean, the amount of time that you 

spent entering the data that’s how much information that it gives 

you back. Right. I think it's good. Yeah. I think you're a really nice 

fit.” (ID8) 

“I wouldn't want us to be lumped in with [city], I'd want to know 

how we do compared to some of their community programs, and I 

would really be interested in knowing how rural versus urban sites 

are doing.” (ID1)  

“We were wondering about region, doing it by region” (ID5) 

Second, they appreciated the planned quality improvement supports to be provided by 

ICRR’s user committee (see: 

https://globalcardiacrehab.com/resources/Documents/ICRR_QI%20plan_v1-2.pdf). 

They reported they wanted to do more quality improvement but had limited time, and 

would appreciate the tools and resources provided. Third, they did want to take 

advantage of the program certification possibility for programs participating in the 

registry. While they perceived the cost as reasonable but suggested a sliding scale 

https://globalcardiacrehab.com/resources/Documents/ICRR_QI%20plan_v1-2.pdf
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based on country income classification (which was implemented), they did ponder 

whether ICCPR would be known to patients and their institution.  

“If we're going to do quality improvement, like what are we going 

to do with it, and generating those tools for people that maybe don't 

have the same knowledge. Here a lot of people that work in cardiac 

rehab are clinicians, so helping us and supporting us in that way 

would be useful.” (ID1) 

“I don't think $500 over the course of three years is unrealistic.” 

(ID1) 

“ I don't think anybody would really care or know what it means to 

be certified by ICCPR.”(ID1) 

“I think this is interesting that you can help us, and then I do agree 

you may want to charge. I think that would really help.” (ID10) 

The final in-built benefit participants raised was the lay discharge summary, as it 

quantifies for patients how they have improved and encourages further self-

management post-program. Respondents did suggest having more figures or images 

rather than text. 

“This is actually good because it shows the improvement for the 

patient and what s/he needs to continue or what s/he needs to 

improve.” (ID8)  

“I would say yes, this would be amazing. It'd be cool to have a 

print-out with visuals. I'm meeting too many patients who don't 
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really read all right, so the graphs could show them how they've 

done.” (ID1) 

Overall, interviewees perceived the built-in feedback mechanism and benefits of 

participating in the registry outweigh or balance the downside of time required to get 

approvals and enter data for each patient. Benefits such as the patient lay discharge 

summary, which quantifies changes/improvement pre- to post-program on specific key 

indicators and encourages further self-management post-program. The other feedback 

mechanism is the dashboard summary, which fulfill reporting requirements in their 

institution. Moreover, they appreciated the quality improvement supports, which is 

planned to be provided by ICRR’s User Committee. Participants perceived the cost of 

program certification reasonable, but suggested a sliding scale based on country income 

classification. Finally, participants appreciated how readily the registry lends itself to 

research.    

 

4.2.3 Theme 3: Variables and their Definitions  

This theme consisted of 5 sub-themes, namely: number of variables, measurement 

operationalization, difficulty securing lipid bloodwork, the patient-centered and 

clinically relevant nature of the outcome variables, and missing variables or could be 

added. These sub-themes speak to the usability theoretical constructs of learnability, 

performance expectancy efficiency, system characteristics and satisfaction.  

Interviewees were very pleased with the low number of program-reported variables and 

found the variable definitions or operationalization as clear and not complex.  

“I like to comment that I like the registry because it was so quick. 

We don't want random information getting filled up. So that was a 
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very good thing about the registry. I like it was really short and 

sweet with important details, very precise. Like what are the points, 

and you just look for that. So that was a very nice thing about the 

registry: necessary information and no extra details”. (ID6) 

They were also satisfied with the clarity regarding units of measurement, for example 

for the variables around servings of fruit and vegetables as well as years of schooling. 

For low-density lipoprotein (LDL), the two major units used internationally were 

available, so it was easy for all participants to enter this data after specifying units.  

When discussing concordance between variables in ICRR’s data dictionary and their 

practice, participants reported the pre-program and clinical variables were routinely 

collected. Many variables were operationalized exactly the same way in their practice 

(e.g., METs, blood pressure, body mass index, program completion). On the other hand, 

programs reported they were not assessing or were assessing differently some of the 

patient-reported variables such as socioeconomic status, medication adherence, and 

social support.  

“I don't ask people directly about further medication. But, I have 

had people bring it up when I asked them what their concerns are.” 

(ID1) 

One variable was commonly not assessed, namely LDL (ID1, ID3, ID5, ID6, ID10) 

“We try to collect cholesterol, LDL, HDL [high-density 

lipoprotein], saliva, serum. Um, much of them we don't have 

because they come to us, we set up their program, and they go back 

to the cardiologists not us”. (ID3) 
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Finally, we asked the interviewees about variables that they think are missing or need 

to be modified; suggestions included adding maintenance program participation and 

blood glucose (there were few). 

Overall, patients were satisfied with the number of variables and clarity regarding 

units of measurement.  Some participants suggested to add maintenance program 

participation and blood glucose. 

4.2.4 Theme 4: Patient Report & Follow-Up Assessment 

This final theme, with 6 sub-themes, addressed the issues of securing informed consent 

from patients to participate in the registry, language, facilitating their provision of data, 

and post-program retention and annually thereafter. These related to Performance 

Expectancy and facilitating conditions. 

Participants did invite some patients to review the ICRR information sheet and consent 

form. The only question they reported patients raised was about where data were stored, 

and whether it was outside of the country. Overall, they reported patients surveyed 

found the documents clear, they were willing to participate, and to provide their email 

address for sending surveys.  

“I think it is very understandable for the patient.” (ID2)“I gave it to 

three people. The only question that came up was on the second 

page in the last paragraph, the second last line, it says ‘data may be 

subject to access by third parties as a result of security legislation 

now in place in many countries’. So the patient was asking is this 

data available outside of [country].” (ID1) 

“You sent me a consent form for patients, and I asked at least one 

patient. He said he was willing to participate. In that consent form, 



 

48 

 

it was said there, you have to provide your email address, and he 

was willing to provide it.” (ID8)  

There was a major issue of language, however. ICRR materials are only available in 

English at this time. Some sites will have to translate the consent information so patients 

can provide informed consent. The sites would not be able to take advantage of patient 

report, which significantly reduces the number of variables that programs need to enter 

for each patient, unless they translated the surveys and gave them to participants on 

paper; they identified that this raises questions of the validity of the translations, 

particularly as they did not have funding for professional translation, and only three of 

ICRR’s items are validated and have available translations (e.g., depressive symptoms). 

Participants stated they would interpret the items in their consultations with patients to 

enter the data themselves.  

“I think, unfortunately, English is not our first language or not our 

mother tongue. So, we must interview the patient because maybe 

only 20% can understand the questions and answer fully. So what 

we would try to do is to interview the patient, and we will do 

program-reported data. So, we will ask the medical officer to 

interview patients, and then he will enter the data into the system. 

It's very hard for a patient to complete the questionnaire.” (ID4)  

“We have more patients who are [language] speaking and others 

we have, [language] speaking. So, maybe like half, at least half of 

them only would know like perfect English. But I asked one, 

[language speaker] and one [language speaker] too. If they would 

understand, they understood, but they really would have wanted it 
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to be in there, translated in their own language they said, especially 

if they didn't have a college degree or they hadn't gotten to 

university.” (ID8) 

Again, when they were planning to take advantage of the patient report surveys, they 

reported most patients do have personal devices to receive and respond to the surveys, 

but some older patients did not. Moreover, they wanted to know if the surveys could be 

sent via WhatsApp, as  it’s the most commonly-used communication means used by 

and with their patients. Many programs sent their intake packages to patients 

electronically, so they perceived it would be very easy to send the registry consent form 

and assessments (another sub-theme).  

“Maybe some patients because they are very aged and I think it, 

maybe for them, it's going to be very difficult to get a smartphone, 

to introduce the information there. We are going to find it really 

difficult.” (ID2) 

“We do have intake packages that we send out. We have them fill 

that before they bring it in. We send our intake packages out by 

email. If you have a template, rather than email it, I could slip it in 

their package.” (ID1) 

“We have to use the smartphone to keep in contact with the patient, 

and we ask always if the patient prefers to use WhatsApp, email or 

text message. I think that most patients use WhatsApp, but always 

you have a patient that doesn't have it.” (ID5) 
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“It's 50/50 to be honest. I mean we have one group that's educated -

very well educated-, and then we have another group of patients 

who are probably not well-educated, but the caregivers are okay. 

They help us out with all this information with the patient. This 

information gets collected, sometimes through the caregiver more 

than the patient.” (ID12) 

They also raised concerns about patient retention post-program, which could lead to 

attrition bias in the data. They experience quite high loss to follow-up in their low-

resource settings, as patients often have to pay out-of-pocket for services. Patients 

dropout for various clinical and non-clinical reasons. They identified some factors  

which may support their ability to get follow-up data. They reported they find it easier 

to contact patients given ubiquity of personal smartphones. In many countries, it is now 

possible to port phone numbers to different carriers, so they can often still contact 

patients a year later. Moreover, many of their institutions now have electronic health 

records, where patient contact information is regularly updated.  

“I think that now is a little easier than before. Because when you 

want to change your company of cell phone, you keep it your own 

number. And another way is that we always try to ask for a family 

member number. Or may be you would have two numbers of 

contact.” (ID5)  

“Most of my patients go back to their cardiologist, so I lose them.” 

(ID3) 
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“They don't come for a follow-up visit. Usually, it's medical and 

they'll just call, and they'll leave a message.” (ID1) 

“What happens is that it's difficult to get them back. The patients 

are coming from various other districts and far off places, so they 

prefer-- to be honest-- lesser number of sessions.” (ID6) 

Some sites had maintenance programs, so perceived they could quite easily collect 

annual follow-up data as well. Many participants talked about how they wanted to do 

annual assessments to properly evaluate their services, and participating in the registry 

would support this at last. Programs have been calling patients already in their hybrid 

models, and now with the COVID-19 pandemic; the patients are quite used to and 

receptive to calls.  

“Yeah, because our program, there's the maintenance program 

built right into it.” (ID1) 

“So, we can make of course a good registry of the follow-up at a 

year. I think we can do that.” (ID2) 

“That was an issue initially because we wanted to have long-term 

data. So, we ended up with just a one year "yes or no” whether the 

patient is still alive, and more or less the well-being at the end of a 

year. So, our registry is going to go on for at least a year” (ID10, 

Hybrid Model) 

Overall, contacted patients found the documents clear, and they were willing to 

participate, and provide their email address for sending surveys. Surveys could be sent 

via WhatsApp as well, as it’s the most commonly used communication means by staff 
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with their patients. Participants raised concerns about patient retention post-program, 

which could lead to attrition bias in the data, as patients dropout for various clinical and 

non-clinical reasons, but since they have now electronic health records, patient contact 

information is regularly updated and can be contacted for follow-up.  

 

4.3 Usability Ratings and Other ICRR Changes Considered Based on Findings 

The results of the user satisfaction survey using SUS instrument is presented in Figure 

10. The mean SUS score was 83.75 (standard deviation 9.83), demonstrating 

“excellent” perceived usability of the ICRR (105). This SUS score corresponds to a 

percentile from 90-95%, and is considered a letter-grade A (85).  
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Regarding non-entry usability issues identified, utterances identified the need to make 

some changes to other ICRR elements, of which many are shown in Table 4. For 

instance, the ICRR program survey (e.g., some programs prescribe a variable number 

of sessions to each patient, ID2; clarity around delivery of alternative models, ID6). 

Moreover, there was lack of clarity on patient inclusion criteria, as participants had not 

read the full protocol on ICRR’s website (e.g., exclusion of primary prevention patients, 

ID1); an on-boarding meeting agenda was created where it will be confirmed this has 

been reviewed and understood. Utterances related to navigating through registry 

Figure 10. ICRR usability rating 
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screens, knowing which ones pertained to pre and post-program data, as well as how to 

exit a patient record (ID6); this detail was added to the data dictionary, and a training 

manual with annotated screenshots was developed for on-boarding programs. 

Participants inquired about adding their CR program name and/or logo to the email or 

texts sent to consenting patients with the survey link (ID8), which has been 

implemented by the software company Dendrite. 

Participants were unclear what to do when they did not have data for a particular 

variable (e.g., lipids, ID6); instructions were added to the data dictionary preamble. For 

example, two programs assessed two variables (i.e., functional capacity and body mass 

index) at one point only (i.e., pre-program only not at post). Nevertheless, participants 

spontaneously reported willingness to start collecting these variables to improve their 

program.  

“The post-exercise peak METs, usually we do not assess it 

regularly. But now we are starting a post-program exercise stress 

test to evaluate the effectiveness of the program”. (ID11)  

 They raised about getting post-program data from patients who do not return, 

and stated how they try to get it through alternate means (e.g., phone administration of 

Duke Activity Status Index for functional capacity, automated blood pressure monitor 

from pharmacy, ID6); some of these suggestions were added to the data dictionary for 

other programs to consider, where valid data could be collected.  

“For many patients in our history, we can’t find LDL lipids, body 

mass index, blood pressure or METS in our documents, because we 

have paper. And often we don't have access to patients at the end of 

the program. They go home, and we can’t keep contact with the 
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patient. But we hope to improve the system by the end of the year.” 

(ID9) 

“There are patients who have BP [blood pressure] monitors at 

home, so we get this information”. (ID6) 

Some issues identified could not be addressed, such as potentially sending out patient 

surveys via WhatsApp (ID3, ID5). Participants stated they did not measure some of the 

variables (e.g., social support) and suggested alternate variables; these were considered 

but ultimately we remained true to the final variable list as established through the 

modified Delphi process (39).  

Finally, as outlined under theme two on benefits (above), the discussion on research 

opportunities for participating sites resulted in modifying the Data Access & 

Dissemination policy by the steering committee. Programs in good standing in terms of 

data quality and having a minimum amount of data entered would be recognized on all 

publications stemming from the registry as an “ICRR collaborator” 

(https://globalcardiacrehab.com/ICRR-Governance). Moreover, sliding scale for 

program certification cost was suggested and approved later, i.e. certification cost of 

programs in LMICs would be lower than that in HICs cost.  

 

  

https://globalcardiacrehab.com/ICRR-Governance
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CHAPTER 5: DISCUSSION  

The aim of this study was to explore the usability of the ICRR in all WHO six-

designated regions of the world to ensure its successful implementation before its 

launch. We used Think Aloud technique, semi-structured interviews, and SUS survey 

to achieve our objectives.   

Usability testing is an economical way to improve a system before launch. Studies 

found that a single cycle of evaluation reduces usability problems  by tenfold (97, 110). 

The use of the Think Aloud technique and semi-structured interviews provided an in 

depth understanding of the participants’ responses and feelings on how the registry 

could be further improved.  

To date, there have been scarce studies on usability testing of registries or other 

electronic Health applications such as websites, PC software, smartphone, and tablet 

applications. A scoping review  revealed that out of 325,000  digital e-health apps 

reported in 2017 only six studies addressing CVDs digital health applications published 

their usability evaluation results (111-116). Moreover implementation of some of the 

existing registries such as  the British registry (The National Audit of Cardiac 

Rehabilitation, NACR registry) (117), and the Danish registry (The Danish Cardiac 

Rehabilitation Database, DCRD) (118) did not receive much attention (100, 101). Both 

are national quality registries which did not report any usability testing before launch, 

perhaps due to the comparable context of the participating programs being within the 

same country. Only two studies explored factors related to facilitators and barriers to 

registries after the implementation not during the developing stage as the scope of our 

study. The scarcity of studies on usability testing of registries, warrants future research 

on this area. In concordance with our results, some of the themes/subthemes that 

emerged in our study were similar to those emerged in a study explored cardiac 



 

57 

 

rehabilitation nurse leads’ perceptions on these two NACR and DCRD registries (100). 

The five themes emerged in the study were: accessibility, reliability, usefulness, 

relevance, and attitudes towards public reporting. Furthermore, our findings are similar 

to those in another qualitative study in the same countries highlighted CR registry 

adoption and implementation issues (101); some of our themes were similar to their 

themes: data entry process, registry quality, resources and management support, quality 

improvement and the wider healthcare context. 

The themes emerged in our study were supported by the findings of a systematic review, 

as discussed below, addressing barriers and enablers of implementing and maintaining 

a registry (38), the study revealed that establishing and maintaining CR registries is 

challenging. Moreover, the maintenance of registries requires ongoing funding, which 

is often reported as limited. For example, both the European and Canadian registries 

are no longer working due to funding shortages. In addition, the presence of registries 

does not always guarantee quality improvement, but rather a comprehensive approach 

is required that entails the successful implementation of data registries, continuous 

quality assurance of the data, and transparent and timely feedback (38, 100). Thus, the 

aim of this usability study is to ensure the utmost quality output of the ICRR registry 

and its successful implementation.  

Theme 1: Ease of Approvals, Adoption, and Implementation 

These themes helped to understand our first objective; to explore in-depth CR staff’s 

challenges and facilitators to use and adopt the registry. Most participants perceived 

that they could secure the ethical approvals, but noted the time required to secure them. 

This result is similar to the findings of a systematic review revealed that establishing 

and maintaining CR registries is challenging (38). Barriers and recruitment of sites was 
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hindered by administrative obstacles including collecting signatures on a site 

agreement, ensuring privacy standards, and a lack of human resources (38). Even 

though working with the registries was described as challenging and time-consuming, 

only a few Danish and English sites received additional resources to complete the task. 

Mostly, it was reported that the time to complete registry tasks was taken from the time 

dedicated to patients. Another option was to register only the minimum number of 

variables, though some found this unsatisfactory, as they thought the output data would 

be more interesting if all the fields were included (119). 

 

Participants perceived ICRR as easy to use in terms of using the software, logging in, 

navigating, and exiting, which made ICRR seamless to adopt, but they did raise some 

concerns regarding the time to enter the data, and the need to dedicate a real champion 

for data entry. This result is similar to the finding of another study, in both British and 

Danish registries. The process of collecting and entering data was perceived as an extra 

burden  and cumbersome that must be incorporated into everyday practice (100). In the 

Danish registry, the tasks of data collection and data entry were an individual 

responsibility. In many cases, management does not formally appoint someone to enter 

the data. Staff members who were most interested in participating stepped up to lead or 

coordinate. In few sites, both in England and Denmark, entry of data was left to the 

administrative staff or to a few clinicians, rather than all team members. Moreover, 

several data quality issues in registries were reported as well, including incomplete data 

submissions and time delays with reporting (38). Similarly, data entry was a concern 

for DCRD registry; so, it has been linked to a national patient registry. However, some 

of the captured data were not updated as pointed out by the nurses, due to a time lag in 
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the registries. 

In line with our results, the study also found that both NACR  and DHRD registries 

were easy to enter and navigate and users described that the user-friendliness of the 

NACR had improved a lot over the years (119).   

In our study, CR staff revealed that they can secure all necessary support as they have 

a trust that participation in the registry will impact the quality of CR services. This was 

concordant with NACR nurses who had a high degree of trust in data, while DCRD 

nurses were demotivated and lacked training and managerial support, leading to a low 

degree of trust (100). 

Theme 2: Benefits for Programs  

 This theme helped to explore participants’ in-depth perception of the usefulness of the 

registry, challenges and facilitators to use and adopt the registry. Overall, Interviewees 

perceived the built-in feedback mechanism and benefits of participating in the registry 

outweigh or balance the downside of time required to get approvals and enter data for 

each patient. Benefits including the lay discharge summary which quantifies patient 

performance pre to post program, and encourages further self-management post-

program. The CR staff underlined the importance of the outcome dashboards in 

fulfilling reporting requirements in their institutions. Moreover, they appreciated the 

quality improvement supports, which is planned to be provided by ICRR’s User 

Committee. These results are in concordance with other findings of the Denmark and 

Britain registries  supporting the idea of a registry as a tool to improve the quality of 

CR services for patient’s benefit (100, 101).   

Participants perceived program certification as rewarding and the cost reasonable, but 

suggested a sliding scale based on country income classification. Similarly, 
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participating sites in NACR reported that CR program certification is valued high (101). 

Finally, participants appreciated how readily the registry lends itself to research. These 

results were similar to findings from UK, where nurses were positive towards the 

usefulness of feedback data (100). In addition, some perceived that benchmarking was 

useful because of the learning potential from other programs. Although the Danish 

nurses had not seen much feedback data, they were positive towards the concept of a 

cardiac rehabilitation registry and expressed hope that it would be useful in the future 

as a tool for quality improvement (100). Few nurses, however, had a vague 

understanding of the purpose of the registry. 

 

Theme 3: Variables and their Definitions  

 Overall, participants were satisfied with the number of variables and clarity regarding 

units of measurement. Some participants suggested to add maintenance program 

participation and blood glucose variables. In contrast to other registries, our study 

solicited the feedback on each variable’s operationalization during the development 

stage before the registry’s launch. However, nurses from both the Britain and Danish 

registries perceived ambiguity in some variables (100, 101). This may indicate that even 

with expert users, it is important to continuously educate and discuss the variables to 

obtain reliable data. More focus on registry implementation in cardiac rehabilitation has 

been recommended (22, 118). Danish nurses believed that some psychosocial aspects 

were missing since DCRD data do not assess the complexity of the patients  

Theme 4: Patient Report & Follow-Up Assessment 

Overall, according to CR participants, patients’ feedback was positive. They found the 

documents clear, and they were willing to participate, and provide their email address 
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for sending surveys. Surveys could be sent via WhatsApp as well, as it’s the most used 

communication means used by and with their patients. Participants also raised concerns 

about patient retention post-program, which could lead to attrition bias in the data, as 

patient’s dropout for various clinical and non-clinical reasons, but since they have now 

electronic health records, patient contact information is regularly updated and can be 

contacted for follow-up. The UK nurses perceived that feedback data were easily 

obtainable through websites (100). 

 In summary, 4 themes emerged in the study: “Ease of Approvals, Adoption, and 

Implementation”, “Benefits for Programs”, “Variables and their Definitions”, and 

“Patient Report & Follow-Up Assessment”. This knowledge will contribute to an 

integrated knowledge translation plan for future registries by emphasizing the need to 

account for various factors highlighted in this study when planning for future registries 

to maximize their utility and successful implementation. 

5.1 Study Implications 

The implications of this study in terms of critical revisions, based on the obtained 

themes to optimize the utility of the ICRR, have been identified. Accordingly, the ICRR 

has been amended after receiving ethics approval, and therefore, the ICRR was 

launched in October 2021. In future, the obtained themes and sub-themes can be 

considered when developing a cardiac rehab registry as a tool to improve the quality of 

the services provided, specially there is a growing focus on this area with the support 

of the WHO (120). The ICRR team is now embarking on field or pilot testing. This will 

allow the team to test the real-world on-boarding standard operating procedure 

developed, which may demonstrate ICRR has even greater learnability. It will also 

enable a real-world test of ICRR use in context, including a test of the patient consent 



 

62 

 

rate to contribute data and retention for follow-up assessments. Indeed, herein the 

annual follow-up assessment was only discussed in interviews, not truly tested in 

practice. This will test data quality, and ICRR data quality assurance processes. Finally, 

the ICRR team will check whether CR programs are eager to undergo the effort to 

translate some of the materials, and to take part in the certification program.  

 

5.2  Strength and Limitations 

5.2.1 Strengths 

 This is the first cardiac rehabilitation registry to serve programs in low recourse 

settings, specifically in LMICs. To the best of our knowledge, this is the first study to 

conduct usability testing of a cardiac rehabilitation registry in the six regions of the 

WHO. Therefore, the study fills a gap in the literature related to conducting usability 

testing, and it could be used as a guide, with adjustments as appropriate, for future 

cardiac rehabilitation registries. Another strength is that the study recruited CR staff 

from all the WHO’s regions, where the registry is supposed to serve, but Europe which 

is developing its European CR registry. This mix of CR staff from the different WHO’s 

region ensures getting a wide variety and range of information that can increase the 

transferability of the obtained results. 

Third, this is an implementation study, findings had been already implemented to 

optimize the utility of the registry and would have a great impact on the cardiac health 

of a large population in different regions. The fourth strength of the study is the 

comprehensive approach used in assessing usability of the registry as perceived by its 

users. We employed three methods consisting of Think Aloud, semi-structured 

interviews, and the quantitative SUS survey to receive as much constructive feedback 

as possible to ensure the utmost utility of the registry.  This improves credibility and 
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consequently trustworthiness of the study’s findings. Moreover for this study, there 

were 2 coders (HA and another researcher), who were well trained before starting data 

collection; i.e. both coders were given same text to code, the process was reiterated so 

both had similar codes, a discussion was carried out if there was any discrepancy (121).  

All themes with sub-themes were shared with all interviewees to inquire whether they 

resonated and request any input to ensure trustworthiness. 

5.2.2 Limitations:  

The study has some limitations that caution is warranted in interpreting these results. 

First, limitation pertains to generalizability; the study comprised a convenience sample 

of CR staff which could not represent CR programs in all low resource settings/LMICs, 

although purposive sampling was used to include CR staff from low resource settings 

who could represent the 6 WHO’s region. For example, there was only one country 

from African region while most countries of this region are classified as LMICs. Results 

may not be relevant in CR settings with no access to technology, and where English is 

not used, especially resources devoted for the registry are scarce to be deployed for 

translation. Second, the use of purposive sampling may have introduced selection bias 

among participants.  

 

5.3 Conclusion 

This study provides insights into the facilitators and barriers underlying the 

implementation of the ICRR among a purposive sampling of CR specialists. 

The results of this study demonstrated the usability of the ICRR registry by the CR staff 

in terms of performance expectancy, effort expectancy, available resources to support 

its implementation including joining the registry at no cost (in concordance with 

UTAUT 2 constructs). These results were supported by a SUS survey with a score of 



 

64 

 

83.75. This result indicates that the usability of the system was above average and 

perceived as an excellent system by CR staff.  Finally, CR staff feedback enabled us to 

improve the usability of ICRR registry to be deployed in clinical settings on a global 

level. 

 The study has for the first time presented a usability test of a CR registry prior to 

launch. Four themes have emerged: 1) Ease of Approvals, Adoption and 

Implementation, 2) Benefits for Programs, 3) Variables and their Definitions 4) Patient 

Report & Follow-Up Assessment. Most participants perceived they could secure the 

approvals, but noted the time required for these approvals. Interviewees raised several 

benefits of participating in the registry, which would outweigh or at least balance the 

downside of time required to get approvals and enter data for each patient. With regards 

to registry variables patients were satisfied with the number of variables and clarity 

regarding units of measurement.  Some participants suggested to include maintenance 

program participation. The patient feedback on the registry documents, obtained by 

their CR staff, was positive; the consent form was clear and the patient lay summary 

had useful information on the progress of the patient in the program. 

Several changes were made to the registry interface as well as supporting materials and 

policies to enhance usability, which was ultimately rated as excellent. In conclusion, 

the ICRR was established as easy to use, relevant, efficient, with easy learnability, 

operability, perceived usefulness, positive perceptions of output quality, and high end-

user satisfaction, by CR staff from low-resource settings. The next research step in 

registry development as outlined above is determining the feasibility of the ICRR 

through pilot testing. This is indeed an ongoing study. For future cardiac rehab registry 

designs, and may be other types of registries as they share generally same broad 
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structure and processes, themes and sub-themes illustrated above are recommended to 

be considered. This study provides valuable information for policy makers in 

understanding the adoption challenges of registries. The study could be a practical 

guidance for the successful implementation of registries. The next study is pilot testing 

of the registry, which has been initiated. It is hoped with favorable pilot-testing, the 

ICRR can serve as a mechanism for programs in these settings where CR is needed 

most to test and improve their quality of CR delivery, ultimately improving patient 

outcomes.   
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APPENDICES 

Appendix A: International Cardiac Rehab Registry (ICRR) Data Dictionary 

https://globalcardiacrehab.com/resources/Documents/ICRR%20Data%20Dictionary_

v8-3clean3.pdf  

https://globalcardiacrehab.com/resources/Documents/ICRR%20Data%20Dictionary_v8-3clean3.pdf
https://globalcardiacrehab.com/resources/Documents/ICRR%20Data%20Dictionary_v8-3clean3.pdf
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Appendix B: Unified theory of acceptance and use of TECHNOLOGY 

(UTAUT 2 vs. UTAUT) 
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Appendix C: Think Aloud Protocol and Semi-Structured Interview Guide 

PREAMBLE 

“Hello. My name is Hana abukhadijah; I am a trained master student at Qatar university 

My supervisor is Dr. Karam Adawi, Assistant Professor of Public Health at Qatar 

university. Dr. Karam Turk-Adawi and Dr. Sherry Grace are Co-LPIs on this study. 

 

As you know, under the auspices of the International Council of Cardiovascular 

Prevention and Rehabilitation we are developing an International Cardiac Rehab 

Registry (or ICRR). We developed the registry data dictionary with input from experts 

such as you from around the world, which forms the basis for the registry template to 

which you have been given access. Your input will help us improve and finalize the 

registry before we launch it. We want to make sure it is as useful for cardiac rehab staff 

as possible.  

 

Did you have any questions about the consent form before we start?  

IF YES (as applicable, here are some answers):  

The study has been approved by York University and Qatar University.  

Our session will take about 60 minutes.  

If there are any questions that you do not wish to answer, you do not have to do so; 

however please try to answer and be as open as possible.  

Data storage: Video-recordings will be kept safely on a secure university server until 

they are coded for changes to be made to the registry, then they will be destroyed. 

Interview audio-recordings, notes and transcripts of the interview will contain no 
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information that would allow you to be linked to specific statements. These willbe 

stored securelyusing a research number only.  

 

IF SIGNED ICF NOT RECEIVED YET: If you feel willing to undertake the interview 

can you please sign and email me back the consent form? [GET BEFORE START 

INTERVIEWING] 

 

May I begin the recording of the discussion to facilitate its’ recollection? [ONLY DO 

THIS IF THEY CHECKED THE BOX AT BOTTOM OF ICF] 

 

Thank you for agreeing to help us. We will do 2 things: (1) you will enter data of a 

patient into the registry based on the data dictionary (pre-program and post), and (2) 

answer a few questions at the end. This should take around 1 hour.  

 

ICRR defines “low-resource” as: program is in a low or middle-income country 

according to World Bank, or setting within a higher-income country where there is 

under-development of CR related to financial resources, lack of healthcare system 

resources, lack of patient and provider awareness, and/or patient disadvantage [e.g., 

limited social resources, geographic barriers]. Before we start, can you please tell us 

what country/region of the world you practice in? in what ways is your setting “low-

resource” when it comes to CR? 

Think Aloud Protocol 

Can you get the data dictionary handy?  

And open the patient’s data you will enter. 

Ok, then can you go to the ICRR demo website.  



 

96 

 

 

IF AN ISSUE: Please ensure I do not see the patient’s name as outlined in the email we 

sent arranging this interview. Do you have electronic patient records there or a mix of 

electronic records and hard charts? If electronic, do you have a 2nd screen? Please only 

show the registry when you screen share.  

 

Ok, please share your screen showing the registry, and log in now. 

Soon I will ask you to try to navigate the registry to enter data for a graduated patient, 

and complete pages 1 to 8 as possible (for 3, 4, 7 and 8, just enter some random values 

as these are for patient report).  

Please put the initial assessment date as at least one month ago.  

On page 1 for the source variable, enter “program”.  

 

As you do this, we would ask you think out loud. By that, I mean while you are going 

entering each variable and navigating screens, I want you to state what you’re thinking 

as you go along. For instance, if the content is unclear or needed information is missing, 

please say those things out loud. Please be forthright so we get the most input we can 

to improve it. 

 

We would like to test the registry under real-world circumstance, so we will pretend 

that you are on your own, but I can help if you are stuck as all new users will get initial 

training. I will be making notes as you go along.  

 

Do you have any questions before we begin? Ok, please and get started. 
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… 

 

Semi-Structured Interview Guide  

Thank you. Your insights have been very helpful. Now we will have a discussion. 

Remember, we want you to be as critical as possible so we can optimize the utility of 

the ICRR to you, and reduce program hurdles to using it fully. 

 

1. What questions or comments do you have about the registry before I ask 

mine? 

 

2. With registries, there are ethical and data sharing considerations. We have ethics 

protocols and a draft site agreement to share with interested sites as a start, and the 

registry meets rigorous international security and privacy regulations.  

a. If you were to become a participating site, what do you think would be 

the process to get approval to adopt the registry at your program?  

i. PROBES: What barriers do you foresee? 

b. If you wanted to join the registry (which we will get to later), how can 

we best support CR staff such as yourself to adopt the CR registry? 

3. Now let’s take a look at the data dictionary [show on screen] and talk about the 

variables for the program to enter:  

a. Were the variables available for you to extract?  

i. Which ones were not? i.e, your program doesn’t collect them  

1. [Write down specific variable #s from data dictionary] 

2. Would you be able to get patients to provide the 

additional data?  

a. Process logistics 

b. Patient willingness 

b. Were there some variables you collect, but measure in a different way, 

so you would need to change your practices or not provide data for that 

variable?  

i. [Write down specific variable #s from data dictionary, and how 

they assess differently] 

c. Any definitions that were unclear? 

i. [Write down specific variable #s from data dictionary, and how 

unclear] 

d. How was the number of variables – too long?  

i. Any that seem extraneous? 

4. Now I would like to ask you some technical questions 

a. How did you find the process of logging in?  

b. navigating the screens? 

c. Flow / placement of variables make sense? Efficient? 
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d. Were there any variables for which you had difficulty entering the 

data?  

e. Any restrictions on ranges etc. that are problematic?  

f. Easy to save the data?  

g. Do the “my patients” screen columns and color coding make sense? 

Why or why not? How could this be improved? 

5. Here are again the patient information letter and consent form we suggest 

programs use. Do you think your program would be able to distribute this to all 

new patients?  

a. PROBES: if yes, in what mode? (electronic, mail, in person?) 

b. Do you foresee any issues with this?  

i. PROBES: institutional approvals, research ethics boards, 

program’s ability to distribute to every patient 

 

c. Based on your experience sharing the information letter and consent 

form with a few patients [if they were able to], did they seem [or 

would they be] willing for their data to be used?  

i. Why or why not?  

ii. Did they seem willing to provide their contact information and 

some data directly?  

6. How feasible and acceptable do you foresee it to get approval from your 

institution and for your program to arrange that patients directly report some data?  

a. SHARE ON SCREEN THE INTERFACE FOR PATIENT ENTRY: 

https://rs2.e-

dendrite.com/csp/icrr/PROMS/QuestionnaireIntake.csp?zkey=MTI1ID

EyOCAzOTUyMzkwNjIxMTU0OTMwNSAx 

i. PROBES: Have a look at the data dictionary and where the 

variables for patients to enter are found (starting on pages 11 

and 13).  

b. Do you think patients could understand those questions?  

i. are your patients sufficiently literate? Are they proficient in 

English? 

c. Do most of your patients have a smartphone or other technological 

device, through which they could provide their data?  

d. Did your patients seem willing to provide their email address or mobile 

number so they could provide data? 

7. How and when do you do your post-program assessments?  

a. Do you think you can engage patients, even those that drop-out to 

potentially provide data directly via text/email post-program? 

b. Would you be willing to call patients at 1 year to ascertain mortality?  

8. On p. 5 of the registry website (program conclusion) there is the patient lay 

summary. Please navigate there and open it up (hit “download”). Take a 

moment to review (pause). Hopefully you may have been able to share this 

with a patient beforehand too.  

a. Do you think you could get approval to use this at your program? Why 

or why not?  

b. Do you think the information would be useful to you and /or your 

patients? Why or why not?  

https://rs2.e-dendrite.com/csp/icrr/PROMS/QuestionnaireIntake.csp?zkey=MTI1IDEyOCAzOTUyMzkwNjIxMTU0OTMwNSAx
https://rs2.e-dendrite.com/csp/icrr/PROMS/QuestionnaireIntake.csp?zkey=MTI1IDEyOCAzOTUyMzkwNjIxMTU0OTMwNSAx
https://rs2.e-dendrite.com/csp/icrr/PROMS/QuestionnaireIntake.csp?zkey=MTI1IDEyOCAzOTUyMzkwNjIxMTU0OTMwNSAx
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c. Do you have any suggestions on how we could improve it?  

9. Now let’s have a look at the 2 dashboards. Navigate to the main menu, and select 

the blue rectangle marked “dashboards”. Then click “generate dashboard” 

a. First the patient-related outcomes.  

i. Does this dashboard make intuitive sense to you?  

ii. How is the layout?  

iii. suggestions for improvement?  

1. PROBES: mean change as indicators 

b. Second, the program-related outcomes.  

i. Does this dashboard make intuitive sense to you?  

ii. How is the layout?  

iii. suggestions for improvement?  

c. Are the comparisons useful? (i.e., change over time, to other programs) 

d. Try right-clicking on the hamburger in the top right of one of the 

graphs. Can you download the graph alright? 

e. Using the information:  

i. Do you think you will be able to use this information to report 

to managers, administrators and policy-makers? How?  

ii. Do you think your program staff will be able to use and apply 

the information to consider ways to improve program quality?  

1. If not, why not?  

iii. Is there different information you would need?  

10. The registry has a user-subcommittee with a mandate to support on-boarding 

of new sites and quality improvement activities. What kind of engagement and 

support would you want from the user committee? 

a. Would you want your program to be recognized if it was “high-

performing” in comparison to other programs? Why or why not? 

11. Try navigating to the main menu and click on “export my data” 

a. Does that feature work okay for you? Easy to use? Anything we could 

improve? 

12. Overall, based on your experience with the registry, given there is no cost to 

participate, that on average with experience it requires 10 minutes to enter data for 

a patient with pre and post-program data, and given the information for sites 

shown on our website (https://globalcardiacrehab.com/ICRR_sites) do you think 

your program would be interested in contributing data?  

i. PROBE: why or why not? 

ii. What would be the barriers and facilitators to being a 

contributing site?  

b. Who do you think would enter the data? 

i. PROBE: profession; how many 

ii. PROBE: do they have time 

c. Do you have any feedback for us on our website regarding information 

on joining, etc? 

13. Would your program be interested in arranging electronic upload of data, 

given it is also free?  

a. You create batch files, but issue is you need to collect the same 

variables as are collected and defined in the registry.  

i. Do you collect a lot of the variables we collect in the registry 

electronically routinely now? Which ones? 



 

100 

 

14. We are planning a program certification through the registry. It would involve 

evaluating some responses to the survey programs complete before joining the 

registry (e.g., emergency policies, staff training, multidisciplinary team), 

evaluating patient outcome data from the registry, and a virtual site visit. This will 

help us pay for the registry maintenance. 

a. Is this something your program would be interested in? why or why 

not?  

i. Do you think other programs would be interested?  

b. We are considering charging $500USD to be certified for 3 years. 

Would this be feasible for your program?  

i. If not, how much would be?  

15. Lastly, is there anything else we should consider to ensure the registry is as usable 

as possible for CR programs in low-resource settings around the world? 

a. What other suggestions do you have for us to improve the registry? 

 

 OK, we’re finished with the interview questions.  

 

Finally, if you don’t mind, I will arrange an email now to you from REDCap with a 

link to a brief survey to rate the usability of the ICRR. Would you mind completing 10 

quick ratings in the next couple of days? If so, do you have a pen handy to write down 

your participant number? To keep things confidential, at the top where you are directed 

to enter your participant ID, please enter [#]. If you forget, just email us. 

 

Thank you so much for your time. Your input was invaluable. 
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Appendix D: System Usability Scale Survey 
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Appendix E: COREQ Checklist (COnsolidated criteria for REporting 

Qualitative research) 
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Appendix G: Ethical Approval- Qatar University 
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Appendix H: NVIVO Screenshots 
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