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Abstract 

Visual impairments significantly impact individuals’ quality of life, extending beyond visual 

acuity loss to various daily activities. Objective measures often fail to capture the comprehensive 

effects of eye conditions on patients’ well-being. Patient-reported outcome (PRO) tools like the 

National Eye Institute’s 9-item Visual Function Questionnaire (VFQ-9) assess the broader 

impacts of visual impairment on daily activities, mental health, and overall functional status, 

providing insights beyond traditional clinical measures. Despite the recognized value of PROs, 

challenges persist that prevent their routine use in clinical practice. At the organizational level, 

workflow integration is a primary challenge, while at the provider level, key challenges for PRO 

adoption are efficiency in their delivery to healthcare providers who have diverse needs and 

priorities. However, guidance for understanding user needs and designing prototypes for efficient 

delivery of PRO information in routine clinical practice is lacking in ophthalmology and many 

other contexts. This study employs User-Centered Design (UCD) methods to address the 

challenges associated with PRO reporting in routine ophthalmology practice. Through iterative 

prototyping and evaluation, this approach ensures that the designed PRO intervention meets the 

specific needs of the users. Aim 1 of the study characterizes variation in vision-related quality of 

life and changes related to patients’ demographic factors to understand the potential impact of 

PRO information. Aim 2 identifies contextual factors, information needs, and preferences 

influencing providers' use of PROs in clinical practice. Aim 3 employs iterative prototyping and 

evaluation to design a PRO reporting tool for routine clinical practice and to formulate design 
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recommendations for such tools. Through collaborative design processes and iterative 

refinement, this research produces guidance for designing PRO reporting interventions to 

enhance patient-centered care in ophthalmology. By providing insights into contextual factors 

and provider needs, this study lays the groundwork for future advancements in provider-facing 

PRO reporting tools, with the ultimate goal of improving patient care and outcomes in 

ophthalmology. 
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Chapter 1 Introduction 

“It’s obscene to let people go blind when they don’t have to.” - Fred Hollows.   

World Health Organization (WHO) estimates that the global magnitude of eye conditions 

and vision impairment is around 2.2 billion, of which about 1 billion are preventable or 

treatable.1,2 It is estimated that around 90% of people with blindness are living in areas with 

limited access to healthcare services and treatment.3 Steered by a demographic shift, especially 

population aging, the magnitude of vision impairment in the United States is expected to increase 

over the next few years4,5 with a three-fold increase in the treatment cost estimated up to $376 

billion.6 Vision impairment may also create a substantial impact on one’s physical,2 social,7 and 

emotional7,8 well-being. Inequalities in prevention, treatment, rehabilitation services, poor 

infrastructure, shortage of trained workforce, and poor integration of eye care into health systems 

remain a significant challenge in addressing the eye care requirements.1 A population health 

approach focused on patient-centered care processes can improve access to facilities, treatment, 

and rehabilitation services, thereby significantly reducing the magnitude of vision impairment.9 

The Institute of Medicine defines patient-centered care as “care that is respectful of and 

responsive to individual patient preferences, needs, and values”.10 Patient-centered care 

prioritizes patients’ preferences and it applies a biopsychosocial focus throughout the care 

process.10 Patient-centered care can result in better patient-physician communication, improved 

care process, less anxiety among patients, reduced adverse outcomes,11 shared ownership of the 

treatment plan,12 better patient-provider relationships,13 improved treatment outcomes, shared 
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decision-making,14 and significant containment of healthcare costs.15 Patient and family 

engagement are considered to be one of the key components in achieving quality and affordable 

patient-centered care.14 Patient engagement can help in understanding the impact of treatment 

from the patient's perspective. However, meaningful engagement is considered to be challenging, 

mainly due to the difference in the level of health literacy among patients and their willingness to 

participate in the care process.16,17 Care teams can overcome these challenges by using actionable 

data and implementing data-informed methods like shared decision-making interventions.18 One 

such intervention that can facilitate shared decision making is patient-reported outcome measures 

(PROMs).  

Patient-reported outcomes (PROs) are health outcomes self-reported by the patients 

regarding their health status or Health-related quality of life (HRQoL) or functional status 

associated with health care or treatment.19 PROMs are standardized, validated tools used to 

capture PROs. These are self-reported questionnaires that patients complete without any external 

interpretation.19 The physical status, disease status, functional status, psychological functioning, 

and social functioning of the patients can be captured by PROMs.20 Using PROs along with other 

clinical interventions has shown to positively impact patient-provider communication and 

clinical decision-making.21 A systematic review of controlled trials identified that integration of 

PRO in routine clinical care can facilitate frequent discussions on patient outcomes and 

emotional concerns of the patients about their conditions with the providers.22 The 2015 U.S. 

federal financial incentive program23 supports healthcare organizations to collect and assess 

PROs, which greatly increased the routine use of PROs.24 Along with the widespread adoption of 

PROs in other specialties, ophthalmology has also witnessed a shift of focus from traditional 
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outcome metrics in clinical research and routine clinical care to treatment outcomes such as 

symptoms, overall quality-of-life (QoL), and vision quality of life.25–27  

However, to effectively use the PRO data for clinical decision-making, it is vital to have 

a tool that can report these PRO data to providers at the right time in the right format.  In modern 

healthcare, various digital interventions are used to report PROs in routine clinical practice. 

These tools can positively impact the use of PROs in routine clinical practice28 and have various 

benefits including early identification of diseases, symptom monitoring, avoiding unwanted 

hospitalization, continuous tracking of quality-of-life,29 and providing value-based care. Digital 

interventions with effective design workflow configuration can play a significant role by 

delivering actionable PROs to clinicians and improving patient-provider communication, care 

quality, and ensuring patient-centered care.30 Due to the complex differences in the clinical 

problem of focus, administration (e.g., telephonic, self-administered, face-to-face interviews), 

and availability of resources (e.g., EHR, time, trained workforce), a PRO tool applied to one 

context might not be applicable in another.31 A recent study on the barriers and facilitators of an 

electronic patient-reported outcome (ePRO) tool identified information overload, such as 

multiple graphical displays, as one of the significant barriers to its routine clinical use.32 User-

centered design (UCD) methods can help in identifying these kinds of barriers as it employs 

ethnographic methods33 and design thinking approaches to create solutions.34 UCD methods can 

aid in understanding information needs and visual display preferences of the users by iteratively 

developing, testing, and refining prototypes, which in turn can impact intervention effectiveness 

and stakeholder engagement. 
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The purpose of this research is, therefore, to understand the information content and 

delivery characteristics of a digital intervention for reporting PROs and provide design 

recommendations for such reporting tools to be used in routine clinical practice.  

1.1 Patient-Reported Outcome Measures (PROMs) 

PROMs are questionnaires used to measure the individual aspect of a medical condition, 

the outcome, and health status associated with that medical condition.19 These questionnaires 

generally follow a scoring system consistent with the severity reported by the patients. Any 

significant changes in the collated score over time indicate a need for further analysis to 

determine the changes in the health status and health-related quality of life (HRQoL) of the 

patients.35 The use of PRO data originated from clinical research to assess the impact of 

treatment and care from a patient’s perspective. PRO data extracted from clinical trials are used 

to develop clinical guidelines, reimbursement-related decisions, and health policies.28 Broadly, 

the uses of PROMs can be classified in three levels: (i) To improve physician-patient interaction 

(micro level), (ii) To compare and contrast the treatment effect across healthcare providers (meso 

level), and (iii) To inform policy-level decision making (macro level).36  

With the growing emphasis on patient-centered care, healthcare providers have started to 

include patient-reported outcomes to incorporate patients’ voices in routine clinical decision-

making.28 Incorporating PRO in routine care are said to have significant advantages for 

reimbursement related decision-making.37 With the 2015 Medicare Access CHIP (Children's 

Health Insurance Program) Reauthorization Act (MACRA), and the shift from fee-for-service 

reimbursement to value-based payment models, health insurers have begun to explore how 

PROMs can fit within the value-based payment models.38,39 Some of the key considerations 

while implementing routine PRO assessment are to determine (1) the goals for PRO collection, 
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(2) the context and target population, (3) the measures, (4) mode of PROMs administration, (5) 

mode of result reporting (6) aids for score interpretation (7) strategies for addressing feedback 

and issues related to PROMs, and (8) evaluation of the impact of the PRO intervention.40 PROs 

for measuring performance and quality parameters in clinical practice are divided into five main 

categories such as (i) Health-related quality of life (HRQoL), (ii) Functional status, (iii) 

Symptoms and symptom burden, (iv) Health behaviors and (v) Patient experience. Health-

related quality of life (HRQoL) measures physical, social, and emotional well-being associated 

with illness and its treatment. These could be generic or condition-specific measures. Functional 

status measures the patient's ability to perform activities of daily living such as physical function, 

cognitive function, and sexual functions. Symptoms and symptom burden captures symptoms 

such as fatigue and pain intensity, and symptom burden which is the sum of severity and impact 

of symptoms reported by patients. Health behaviors measure the actions that individuals take 

which affect their health and the behavior frequency. Patient experience measures the experience 

and satisfaction with overall healthcare service.41  

1.2 The growing importance of PROs in delivering patient-centered care 

From the earliest recorded history of health care,42 the main focus of healthcare was 

noted to be centered around clinician needs and their overall limitations. This was known as the 

era of paternalism (the age of the physician). Later, around the 1940's, power started shifting 

slowly from providers to patients (known as autonomy, the age of the patients), and to 

bureaucracy around the 1970s (known as the age of payers).42 Over the years the healthcare 

system has undergone a paradigm shift from being provider-centric to patient-centric.43 

However, in order to be a patient-centric health system, it is imperative to achieve and evaluate 

outcomes that matter most to the patients.44 The role of PRO data in delivering patient-centered 
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care is crucial as it focuses on assessing health outcomes from the patient’s perspective. PRO 

data are being used as a valuable tool for (i) screening common health problems, (ii) 

understanding and formulation of treatment goals that patients value (iii) revising treatment 

plans, and (iv) making lifestyle changes.45 A systematic review identified that PRO 

implementation is mostly done at academic/tertiary care hospitals with adequate resources like 

systems and staff in place to deploy PRO tools.46 

Incorporating PROMs in routine clinical care is vital in improving patient-provider 

communication, detecting and managing health conditions, and improving patient satisfaction. 

For example, integrating PRO data into routine clinical care can enable remote reviewing of 

patients six months post-surgery to determine their subsequent appointments based on their 

PROM score.47 In orthopedics, PRO data have helped in reducing follow-up appointments by 

70%.48 However, for PROMs to be successful in clinical practice, measures must be reliable and 

valid. Some of the main resources available to assist in selecting valid PROMs are (i) The 

Australian Commission’s lists of validated PROM,36 (ii) The Standard Sets of the International 

Consortium for Health Outcomes Measurement (ICHOM),49 (iii) The Patient-Reported 

Outcomes Measurement Information System (PROMIS) of the US Department of Health and 

Human Services,50 and (iv) The Patient-Reported Indicators Survey initiative of the Organization 

for Economic Co-operation and Development (OECD).51  

The development of electronic PRO (ePRO), i.e. a PRO that is collected electronically, 

and their integration within EHR52 has increased their adoption and use in routine clinical care.53 

Another vital step the US government took, stressing the importance of patient-centeredness in 

healthcare, was creating the Patient-Centered Outcomes Research Institute (PCORI), authorized 

in the 2010 Patient Protection and Affordable Care Act.54 The primary mission of PCORIs is to 
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integrate patient’s voices in Patient-Centered Outcomes Research (PCOR), with PRO being a 

vital tool used for that purpose. The formation of PCORI was crucial in stressing the importance 

of stakeholders, including patients in comparative effectiveness research, that helps healthcare 

stakeholders to make informed decisions to improve healthcare at all levels.55  

1.3 PROs in Ophthalmology 

The use of PRO in ophthalmology started during the early 1950s. A 2001 study by 

Massof and Rubin noted that around 12 PROMs were developed and reported since 1980s.56 

However, a positive trend was witnessed over the years and more than 160 PROMs instruments 

are developed and used in ophthalmology currently.28 Using PRO in routine clinical practice is 

highly relevant for patients with chronic health conditions like visual impairment, which 

profoundly impacts the patients’ well-being and daily activities.57 Recent years have shown 

significant progress in the development and use of PROMs in routine clinical care within 

ophthalmology.58,59 PRO data are also used as a primary and secondary outcome in clinical 

research within ophthalmology.28 In order to facilitate the collection of PROMs, various vision-

related QoL measures have also been developed, including the Visual Function (VF)-14, Vision 

Core Module 1(VCM1), the National Eye Institute Visual Function Questionnaire (NEI-VFQ),60 

the Activities of Daily Vision Scale (ADVS), the Impact of Vision Impairment profile (IVI),61 

the Visual Symptoms and Quality of Life Questionnaire (VSQ),62 and the EuroQoL.63  

1.3.1 The use of PRO in routine clinical care in ophthalmology 

In ophthalmology, PROs are used in various sub-specialties/services. PRO data are used 

in various ophthalmic conditions such as cataract64 and glaucoma65 as well as subspecialties 

including retina,66 cornea,67 and neuroophthalmology.68 Within ophthalmology practice, PROs 
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are used in identifying the impact of particular diseases in the quality of life of patients,68–70 

treatment and management of various diseases,66,71 and identifying the vision-related quality of 

life (VRQoL) associated with specific surgeries and treatments.64,67,72 PRO data are 

collected/administered through various means like paper, electronic self-reported questionnaires, 

telephone,73 face-face interviews etc. With the increased adoption of electronic health records, 

hospitals are migrating from paper-based to electronic platforms to collect PRO data.32 PROMs 

administered via electronic platforms are comparable with measures administered on paper and 

can reduce costs.74 However, it is imperative to have multiple modes of PRO administration, to 

allow the selection based on the choice of the users.75 In terms of the implementation of PROMs 

to visually impaired people, PROM completion at home76 prior to hospital appointments is  more 

effective, and that caregiver or family member assistance with PRO completion does not 

introduce bias.77  

Although the use of PRO data in routine clinical care is successfully implemented in 

many specialties, their use in routine ophthalmic practice is very limited.57 A lack of robust 

vision-related PROMs is one of the significant barriers to the use of PROMs in routine clinical 

care, especially in pediatric ophthalmology practice.70 Other key barriers include a lack of robust 

condition-specific PROs for common ophthalmic conditions like refractive error69 and 

psychometric validity,68,78 and failure to address the needs and preferences of stakeholders.57 To 

overcome the psychometric limitations in some of the current ophthalmic PRO measures, “third 

generation - item banking” PROMs tools are being developed to address the quality-of-life 

parameters and yield parametrically distributed outcome measures. Item-banks are a set of 

questions that are statistically calibrated to measure different HRQoL dimensions. Item-banking 

is considered as more reliable and valid than traditional PROMs.79 By using Computer Adaptive 
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Testing (CAT) methods to implement these item-banks, individually tailored PRO questions can 

be administered based on the response of the patient.80 This has the potential to transform patient 

care by providing real-time information to providers for clinical decision making.81 In spite of 

the plethora of benefits of integrating PRO in routine clinical care, the evidence is still lacking in 

ophthalmology around its successful integration and use in routine clinical practice.28 Many 

studies have attempted to understand the stakeholder perceptions on the routine use of PRO in 

clinical care, the barriers and gaps in integrating PRO data into routine clinical practice.82 

However, only a few studies in ophthalmology attempted to understand the stakeholder 

perceptions, attitudes, and preferences for the routine use of PRO.57 

1.4 Challenges in using PROs in routine clinical practice 

Despite the potential benefits, such as improved communication, personalized treatment 

plans, and better patient outcomes, the implementation of PROs faces multifaceted challenges. 

These barriers span across patient, provider, and system levels, each presenting unique obstacles 

that can hinder the effective utilization of PRO data. Understanding these challenges is crucial 

for developing strategies to overcome them and for realizing the full potential of PROs in 

enhancing healthcare delivery. The following section delves into the specific challenges 

encountered at each level, as identified in empirical studies,83 providing insights into the 

complexities of integrating PROs into daily medical practice. 

1.4.1 Patient-level Barriers 

At the patient level, several barriers impact the routine collection and use of PROs. One 

of the most common barriers is the time required for patients to complete PROMs. Given the 

frequent and time-consuming nature of various treatment appointments and procedures, 
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additional time required to fill out PROMs may be viewed negatively by patients, potentially 

leading to non-compliance or incomplete data.84 Additionally, patient incapacity, such as 

physical or cognitive limitations, can hinder the completion of PROMs. Difficulties with using 

electronic devices to complete PROMs also present a significant barrier, particularly for older 

patients or those with limited technological literacy.85 Furthermore, patients perceiving PROMs 

as irrelevant, often because they do not see a direct benefit to their care, also represents a 

significant challenge.86,87  

1.4.2 Provider-level Barriers 

Health professionals face their own set of challenges in integrating PROs into clinical 

practice. A primary barrier is the significant time required to educate patients about PROs,87 

administer PROMs, and follow up on the data collected.88 Even when data is successfully 

collected, health professionals often lack the necessary knowledge or training to interpret and 

integrate these outcomes effectively into patient care.89 This highlights the importance of training 

and continuous education in the use of PROs. Moreover, many clinicians are challenged by 

electronic PRO systems, which can be cumbersome and not seamlessly integrated into existing 

clinical workflows. These technical and knowledge-based barriers can diminish the perceived 

usefulness of PRO data, as health professionals may find the information redundant or irrelevant 

to immediate clinical decisions.90 To address these challenges, experts recommend making PRO 

tools relevant and actionable, and emphasizes using a user-friendly interface with graphics, 

dashboards, threshold lines, and color codes to boost engagement and aid healthcare 

professionals in effectively interpreting and utilizing PRO data.91,92  
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1.4.3 System-level Barriers 

At the system level, integrating PROs into routine clinical workflows presents substantial 

challenges. One major barrier is the lack of effective collection and integration of PRO collection 

and utilization within existing clinical practices and electronic health records (EHRs). Inadequate 

IT infrastructure often complicates the collection, storage, and retrieval of PRO data, leading to 

inefficiencies and missed opportunities for improving patient care.93 Additionally, the inability to 

act on PRO data due to these integration issues can discourage ongoing use and reduce the 

potential benefits of this information.94 

1.5 PRO Systems in Ophthalmology 

Over the past decades, ophthalmology has shown increased adoption of information and 

digital technology tools. The past two decades, in particular, have shown a significant 

improvement in technology, transforming the diagnosis,95 treatment, and management of various 

ophthalmic conditions, thereby improving care quality.96 With around 2 billion people estimated 

to be over 60 years by 2050,97 this can directly impact eye health, which calls for the need to 

leverage information technology for early detection and treatment of eye diseases98 and to 

provide high-quality eye care overcoming geographical barriers.99 Some areas of digital 

interventions used in ophthalmology are telemedicine100 or teleophthalmology,101 artificial 

intelligence102 including deep learning, and machine learning.103 In particular, these technologies 

play a vital role in diagnosing and monitoring ocular diseases like Diabetic Retinopathy,104 early 

detection of Glaucoma,105 and early identification of lesions to prevent Age-related Macular 

Degeneration (AMD),106 and predict treatment requirement.107 

Although there is limited evidence on PRO systems in ophthalmology, clinicians have 

noted the importance of PROs in routine clinical practice, as they provide crucial insights into 
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patients' subjective experiences and treatment outcomes.57 PRO systems in ophthalmology have 

shown promise in improving the management of eye diseases. For instance, Nagino et al. (2023) 

demonstrated the equivalence of app-based and paper-based versions of the Ocular Surface 

Disease Index (OSDI) for assessing dry eye disease symptoms.108 Providers also noted that an 

electronic patient record system would be optimal, facilitating clinicians' interpretation and 

minimizing time spent viewing data.57 While there is increased evidence of using e-PROs in 

other specialties, it is crucial that the reporting tool matches the context and information needs of 

the users.109  

1.6 Digital Interventions for reporting PROs in routine clinical practice 

The development of digital computers and medical computing applications in the 1950s 

led to the introduction of information technology in healthcare.82 Although the adoption of 

information technology is slower in healthcare than in other industries, various government 

policies and incentives have led to the widespread adoption of health IT tools like Electronic 

Health Records (EHR). The Health Information Technology for Economic and Clinical Health 

(HITECH) Act110 of 2009 paved the way to the increased adoption of IT tools in healthcare by 

providing incentives for EHR111 use. In the past decade, the healthcare industry has witnessed 

significant advances in digital interventions to deliver quality, affordable, and safe healthcare.112 

In order to mitigate the impact of the COVID-19 pandemic over other health services,113 an 

increase in maturation and uptake of different digital platforms in healthcare was witnessed.112  

Health information technology tools are complex electronic tools or platforms that 

provide information and support necessary to provide health services to patients.114 Health 

information technology plays a key role in improving the quality of care delivery.115 As stated by 

WHO, digital technologies for health use information and communication technologies to 
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address healthcare needs.116 As defined by WHO, digital health interventions are “discrete 

functionality of digital technology that is applied to achieve health objectives”.117 Digital 

interventions play a significant role in various domains of healthcare like prevention, treatment, 

health promotion, self-management, health awareness, behavioral changes, self-management118, 

and management of chronic conditions.114,119 The term digital interventions is used broadly to 

include both the information systems and the interventions that they generate.120 This research 

focuses on the latter, a reporting intervention to push the PRO information to the clinicians. In 

the case of PROMs, digital interventions can facilitate the involvement of patients in the care 

process, through completing the PROMs questionnaire and shared-decision making, thus 

delivering patient-centered care.121  

Digital interventions for reporting patient-reported outcomes (PROs) have become 

increasingly significant in routine clinical practice, offering substantial improvements in patient 

care and clinical decision-making. These interventions utilize electronic systems to collect, store, 

and analyze patient-reported data, enabling real-time integration of this information into 

electronic health records (EHRs). The primary advantage of digital PRO reporting is the 

facilitation of continuous monitoring of patient health status, which enhances the ability of 

healthcare providers to make timely and informed decisions. Integrating PROs into clinical 

workflows can lead to improved patient outcomes, as healthcare providers can tailor treatments 

based on real-time patient feedback, ultimately enhancing patient satisfaction and engagement. 

For example, Chen et al. (2013) conducted a systematic review and found that the routine 

collection of PROs in oncologic settings led to significant improvements in patient management 

and outcomes, including better symptom control and enhanced quality of life.122 Furthermore, 

digital PRO interventions support personalized medicine by capturing patient experiences and 
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outcomes that are not typically measured during routine clinical visits. This approach enables 

healthcare providers to address the specific needs and preferences of patients, fostering a more 

patient-centered care model. For instance, a randomized controlled trial demonstrated that 

electronic PROs in oncology practice not only improved symptom management but also 

enhanced patient survival rates.123 The use of electronic PRO systems allows for the efficient 

capture and analysis of data, which can be readily accessed and utilized by healthcare providers 

to adjust treatment plans in a timely manner. Additionally, the integration of PRO data into 

EHRs helps in identifying trends and patterns in patient health over time, facilitating research 

and quality improvement initiatives within healthcare organizations. Jensen et al. highlighted that 

electronic PRO systems in cancer clinical care contributed to better communication between 

patients and providers, ensuring that patient-reported symptoms and concerns are systematically 

addressed.53 

The Behavior Change Intervention Ontology (BCIO) is an important framework (Figure 

1) that specifies the components of digital interventions, more specifically digital behavior 

change interventions. BCIO enables a systematic approach to defining and categorizing the 

components of the intervention, facilitating more consistent and effective intervention design, 

implementation, and assessment.  

The key components of the BCIO include: (i) Intervention: The intervention comprises 

content and delivery aspects. Content refers to the specific elements included in the intervention. 

Delivery pertains to the methods and channels through which the intervention content is 

communicated to the target population. (ii) Mechanisms of Action: The mechanisms of action 

represent the processes through which the intervention exerts influence on behavior. (iii) 

Behavior: This refers to the specific target behavior the intervention aims to modify. (iv) 
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Context: This includes the target population and the setting in which the intervention is 

implemented. The population refers to any group of individuals for whom the intervention is 

designed. The setting encompasses the physical, social, and cultural environment where the 

intervention occurs. (v) Exposure: Exposure involves the reach and engagement of the 

intervention. Reach refers to the extent to which the intervention is delivered to the intended 

audience, and engagement pertains to the level of participation and interaction of the target 

population with the intervention. 

 

Figure 1: Behavior Change Intervention Ontology 

 

By using BCIO, researchers and practitioners can identify and define various elements of 

intervention like the content, mechanisms of action, target behaviors, context, exposure and 

outcome behavior.124  

1.7 User-Centered Design Methods 

1.7.1 User-Centered Design (UCD) methods in healthcare  

With the plethora of digital interventions in healthcare, the software development 

methodologies shifted from a traditional linear approach to an iterative process. This 
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methodology shift put users at the center of product design and development to improve quality, 

usability, and satisfaction with the product.125 The term ‘User-Centered Design’ was first 

introduced and used by Donald Norman in 1986, providing a shift of focus from user testing to 

user involvement throughout the designing process.126 A systematic review identified the 

evidence of UCD methods in healthcare dated back to 1992. However, there were only 4 studies 

reported until the year 2005.127 Although the UCD approaches and principles were slower to be  

adopted in healthcare, a recent report from the US Agency for Healthcare Research and Quality 

(AHRQ) suggests user involvement as an effective way of optimizing the functionality, 

accessibility, and impact of any reporting intervention.128 UCD methods are iterative processes 

that ensure users’ perspectives are incorporated into the design process when developing 

products, services, or systems. UCD is a participatory approach that facilitates the co-design of 

an intervention by developers and users129 in the following phases (Figure 2):  

(i) Understanding the User: This phase focuses on users and the context of product use. 

Users are any persons who interact with or use the product for a purpose. Understanding 

the user also means understanding the needs, goals, strengths, limitations, context, and 

intuitive processes.  

(ii) Develop/Refine Prototype: This is a multistage process that starts from creating a 

low-cost early prototype (with or without user involvement), further refined to the final 

prototype based on the users’ information and visualization needs. For feedback reports, 

refinements can be done in terms of measures, data, and display.130  

(iii) Usability Testing: ISO 9241-11 (1998) defines usability as the "extent to which a 

product can be used by specified users to achieve specified goals with effectiveness, 

efficiency, and satisfaction in a specified context of use".131 In this phase of UCD 
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methods, user observation is done through field trials to observe users' interactions with 

the prototype.132 The concept of usability is not just about understanding the product’s 

characteristics; instead, it focuses on the interaction between the user, their work, and the 

designed product.133 

 

Figure 2: User-centered design framework 
 

UCD methods are being widely used in the development of various interventions in 

healthcare. The ISO standard on ergonomics of human-system interaction outlines six principles 

for successful UCD methods: (i)Focus on an explicit understanding of users, tasks, and 

environments (ii) Involvement of users throughout the design and development of the product 

(iii) User-centered evaluation for the refinement of design (iv) Iterative process (v) User 

experience is addressed (vi) Focus on multidisciplinary skills and perspectives.134 
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1.8 Applying UCD methods for PRO data use in routine practice 

Further highlighting the significance of methodology in the context of PROs, UCD 

methods are used in developing digital interventions for patients to report PRO.135 Incorporating 

UCD practices in designing PRO reporting tools can aid in understanding display contents and 

graphical preferences of the users, which in turn can impact intervention effectiveness and better 

stakeholder engagement.136 Incorporating UCD methods have shown to be helpful to understand 

how it influences the provider experience with the intervention.137 A 2018 AMIA workshop 

highlighted the importance of incorporating UCD methods to understand the information needs 

at the clinician and system level for its PRO integration in routine practice.138 In the UCD 

process, the qualitative methods can also aid in identifying the contextual barriers and facilitators 

towards the adoption of the intervention, thereby enabling the design of an intervention that fits 

the needs of diverse user groups.139 Prior studies have mentioned the impact of integrating PRO 

in electronic medical records140 by using UCD methodologies to understand the clinician’s 

perspectives and concerns with integrating PRO in EHR141.  

Some of the critical concerns/barriers identified by stakeholders in integrating PRO data 

in clinical practice are: (i) lack of integration with the provider workflow,139 (ii) information 

overload (iii) poor data visualization142 (iv) Difficulty in interpreting PRO data and taking action, 

and (v) prolonged consultation time.83 UCD methodologies are significant in this context, as 

these methodologies employ qualitative methods to enable understanding of the needs specific to 

each stakeholder type. Also, iterative cycles can help refine the prototype until the user needs 

and preferences are satisfied. The role of user-centered design methodologies to develop digital 

interventions has been well advocated in the literature.24,143,144 However, we only found limited 

evidence that discussed the role of UCD methods in ophthalmology in the context of PRO.145  
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Although there is growing evidence of UCD methods for designing PRO tools in other 

specialties, our literature search did not yield any studies that mentioned UCD methods in 

designing a PRO reporting tool in ophthalmology.
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Chapter 2 Research Study Design and Methodology 

2.1 Research Aim: 

The aim of this research is to understand the content and delivery characteristics of a 

provider-facing digital intervention for reporting PROs and develop design recommendations for 

such interventions to support decision-making and provide patient-centered care.  

2.2 Research Questions: 

We achieved the aim through the investigation of the following research questions: 

Research Question 1: How does vision-related quality of life vary based on demographic 

factors such as age, gender, race, socioeconomic status, and ethnicity in a diverse patient 

population? 

Research Question 2: What are the contextual factors, information needs, and preferences that 

influence the providers’ use of PRO in clinical practice? 

Research Question 3: What are the information content and delivery characteristics of an 

electronic health record (EHR) integrated patient-reported outcomes (PRO) report to be 

effectively utilized in routine clinical practice? 

2.3  Research Design  

We employed a mixed methods design (Figure 3) that involves a combination of 

quantitative and qualitative research methods to better understand the research problem.146 The 

rationale behind using mixed-methods design is that, as this research will use UCD methods, a 
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combination of quantitative and qualitative methods and tools are needed to deeply understand 

the context-dependent needs and preferences of the providers. Qualitative analysis, in the context 

of a healthcare setting, is “the theoretical study and its corresponding use in investigation of a set 

of scientific methods, techniques and procedures, adequate to both describe and interpret the 

senses and the meanings given to the phenomena and also related to individuals' life (patients or 

any other participating person in the healthcare setting, such as family members, health 

professionals and community people)”.147 Qualitative study focuses on the participants' attitudes, 

experiences and behavior by asking open-ended questions such as ‘how’ and ‘why’, and thus 

provides a deeper insight into the problem.148 Qualitative methods follow techniques such as 

participant observation, interviews, focus groups. This helps in exploring and understanding the 

participant’s setting, their knowledge, behavior, opinions, preferences.149 Quantitative methods 

employ systematic investigation of phenomena by collecting and analyzing numerical data to 

describe, predict or control variables of interest.150 Quantitative research focuses on determining 

the relationship between an independent and a dependent(outcome) variable. Qualitative and 

quantitative methods can be used in ways that are complementary to each other in developing 

new knowledge to solve research questions.151  

As this research is multifaceted that involves quantitative data analysis, prototyping, and 

user evaluation, a mixed methods design was identified as the most ideal for this study. As 

defined by Johnson et.al mixed methods research is “the type of research in which a researcher 

or team of researchers combines elements of qualitative and quantitative research approaches 

(e.g., use of qualitative and quantitative viewpoints, data collection, analysis, inference 

techniques) for the broad purposes of breadth and depth of understanding and corroboration”.152 

For the purpose of this study, a three-phase mixed methods design was used. This design 
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involved three distinct and consecutive phases: (i) Collection and analysis of quantitative data 

(Research Question 1), (ii) Collection and analysis of qualitative data (Research Question 2); and 

(iii) Collection and analysis of qualitative data (Research Question 3). The combination of 

quantitative and qualitative research methods helped in providing a detailed insight into each 

step of the UCD process. In Phase 1(RQ:1), we conducted descriptive analysis to understand 

variations in VFQ-9 composite and domain scores based on demographic factors. In Phase 2 

(RQ: 2) we conducted contextual inquiry to understand the VFQ-9 workflow and understand the 

information needs of the users. In Phase 3 (RQ: 3) we conducted iterative prototyping and 

evaluation to design the EHR-integrated digital intervention for reporting VFQ-9.  
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Figure 3: Research Design 

 

2.4 Setting and Population 

This research study took place at the University of Michigan W.K. Kellogg Eye Center. 

The Kellogg Eye Center (KEC) is a center for eye care and research located in Ann Arbor. The 
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center has over 100 clinical and research faculty and more than 500 employees in 10 different 

locations surrounding Ann Arbor. The center conducts more than 100,000 patient visits each 

year and features a comprehensive ophthalmology and cataract surgery clinic and eight 

subspecialty clinics. KEC also provides genetic counseling, ocular prosthetics, and ophthalmic 

photography for patients. Kellogg is an important referral center for the Midwest and beyond and 

conducts various clinical and research programs with the support from federal agencies and other 

foundations. The population in this study includes patients, staff and ophthalmologists at the 

Kellogg Eye Center.  

The VFQ-9 is administered annually to all ophthalmology patients over 18 years at the 

KEC. This self-administered questionnaire captures essential aspects of visual function, 

including various domains such as general vision, mental health, and the ability to perform 

activities requiring near and distance vision. Patients can complete the VFQ-9 electronically 

through the patient portal before their appointment or in the clinic using a tablet or paper version. 

The VFQ-9 uses a variety of answer scales tailored to each question, generally ranging from six-

level scales (e.g., "no difficulty at all" to "stopped doing because of your eyesight") to five-level 

scales (e.g., "none of the time" to "all of the time"). Each item is scored to reflect the level of 

difficulty or frequency of issues reported by the patients, with higher scores typically indicating 

better visual function and quality of life. The scores for individual items are converted to a 0-100 

scale, where 0 represents the worst possible response and 100 represents the best possible 

response. To calculate the composite score, the scores of the individual items are averaged153. 

This composite score provides an overall measure of the patient's visual function and its impact 

on their quality of life. These scores provide valuable insights into how visual impairment affects 
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daily activities, emotional well-being, and social interactions, enabling clinicians to make 

informed decisions about patient care and monitor changes in visual function over time. 

2.5 Methods 

Through research question 1, we aimed to understand variation in VFQ-9 scores and 

related demographic factors. We stratified VFQ scores by various demographic factors such as 

gender, age group, race, ethnicity and Distressed Community Index (DCI) to understand how the 

VFQ scores changed differed on these demographic factors. The Distressed Community Index 

(DCI), developed by the Economic Innovation Group (EIG), measures the economic well-being 

and health of communities in the U.S. using indicators like poverty rates, median income, 

employment rates, and education levels. The DCI assigns scores from zero to 100, with higher 

scores indicating more distress. This tool aids policymakers, researchers, and community leaders 

in identifying areas with significant economic and social challenges, facilitating targeted 

interventions and resource allocation for economic recovery and improved quality of life.154 At 

KEC, the DCI scores are calculated and prepopulated in the EHR for all patients. We also looked 

at the domain scores of VFQ-9 to understand how these domain level changes differed based on 

the demographic factors. In research question 2, we aimed to understand the contextual factors, 

information needs, and preferences that influence the providers’ use of PROs in clinical practice. 

To better understand the context, we conducted clinical workflow analysis using observations, 

field interviews and semi-structured interviews with various stakeholders including front-office 

staff, technicians and clinicians. Qualitative semi-structured interviews conducted with clinicians 

were focused to understand their information needs and preferences for the provider facing PRO 

reporting tool. Based on the findings, we created an initial prototype for reporting VFQ-9 data to 

clinicians. In RQ 3, we conducted prototype evaluation which involved think-aloud semi-
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structured interviews with providers. Iterative rounds of evaluations were conducted to refine the 

prototypes and create a final design and design recommendations based on the user requirements. 

Through these phases, we engaged the clinicians in iterative user-centered design 

activities which informed the design of a provider-facing EHR-integrated reporting tool that 

displays the VFQ-9 scores of their patients. 
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Chapter 3 Understanding Variations in Vision-Related Quality of Life based on 

Demographic Factors: A Descriptive Study 

3.1 Introduction: 

Vision impairment encompasses a spectrum of visual deficits that can significantly 

impact individuals' daily lives and overall well-being.2 From mild visual disturbances to severe 

blindness, vision impairment can affect various aspects of functioning, including mobility, 

communication, and independence. Vision impairment can thus substantially impact one’s 

physical,2 social,7 and emotional7,8 well-being and affects the quality of life.155 In the realm of 

eye health, Vision-related Quality of Life (VRQoL) is a critical indicator of how visual 

impairments affect the everyday life of individuals.156 Progressive conditions like diabetic 

retinopathy and age-related macular degeneration (AMD) have shown detrimental effects on 

VRQoL including emotional well-being, social interaction, and independence.157  

By involving patients in the decision-making process, care teams can gain insights into the 

treatment's impact from the patient's perspective, thereby tailoring interventions more effectively 

to improve their quality of life.158 Patient-reported outcome measures (PROMs) are vital tools in 

this context, helping to facilitate shared decision-making and ensuring that patient voices are 

incorporated into care planning and delivery.35  

The National Eye Institute’s nine-item Visual Function Questionnaire (VFQ-9) evaluates 

VRQoL by gauging individuals' perceptions of their visual function and its effects on their daily 

activities, emotional well-being, and independence.159 The VFQ-9 (Appendix 1) comprises nine 

questions focused on specific domains of visual function. These questions assess various aspects 
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of vision-related quality of life, including general vision, mental health, near vision, distance 

vision, peripheral vision, and driving. Each question is designed to capture individuals' 

perceptions of their visual abilities and their impact on daily activities and emotional well-being. 

By addressing these domains comprehensively, the VFQ-9 provides valuable insights into the 

multifaceted nature of vision-related quality of life, enabling healthcare providers to tailor 

interventions and support strategies to meet the unique needs of individuals with vision 

impairment. By analyzing VFQ-9 scores and their domain scores, healthcare providers can gain 

valuable insights into the precise domains of visual functioning that drive alterations in quality of 

life of the patients. This understanding is instrumental in guiding interventions to enhance 

functional outcomes and overall patient well-being.  

Understanding how VRQoL varies with demographic factors like age, sex, race, 

ethnicity, and socio-economic status is also crucial for tailoring interventions and improving 

patient outcomes. Research has shown that demographic variables such as age and gender can be 

used to predict individuals' quality of life with eye-related diseases. For example, a study on 

patients with macular edema undergoing intravitreal anti-vascular endothelial growth factor 

(VEGF) treatment revealed that demographic and clinical characteristics were predictive of 

vision-related quality of life.160 Demographic factors play a pivotal role in shaping individuals' 

quality of life, influencing various dimensions of well-being across different population groups. 

Age, for instance, is a key demographic determinant, with older adults often facing unique 

challenges related to physical health, social support, and financial security.161 As individuals age, 

they may experience declines in physical functioning and cognitive abilities, which can impact 

their overall quality of life. Gender also influences quality of life, as societal norms and 

expectations may shape individuals' experiences and opportunities differently based on gender 
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identity. Moreover, racial and ethnic disparities can significantly impact quality of life, with 

minority populations often facing barriers to healthcare access, economic opportunities, and 

social inclusion. Additionally, socioeconomic status, educational attainment, and geographical 

location are important demographic factors that influence quality of life, as they can affect access 

to resources, healthcare services, and social support networks. In a recent study investigating the 

impact of socioeconomic status (SES) on VRQoL in patients with primary open-angle glaucoma 

(POAG), researchers observed a significant influence of SES on VRQoL, highlighting the 

importance of understanding socioeconomic factors in shaping individuals' perceptions of vision-

related quality of life.162 

Building on this, our study delves into understanding how VRQoL differs based on the 

demographic variables and VRQoL, exploring how age, sex, race, ethnicity, and socio-economic 

conditions (as measured by the Distressed Community Index) affect the VFQ-9 scores. A first 

step towards understanding the utility of the PRO data for use by clinicians is to understand the 

distribution of the data and their variation across demographic categories to recognize the 

implications of using these PRO data to improve patient-centered care, both in terms of 

opportunities to intervene with a digital intervention, and to do so equitably. Addressing gaps in 

current research, this study aims to examine the variations in VRQoL based on key demographic 

variables. This research seeks to understand how the VRQoL changes based on the demographic 

factors and add to the knowledge base clinicians can draw upon to better understand potential 

VRQoL differences based on those demographic factors. By elucidating how VRQoL differ by 

demographic factors, this study aims to provide clinicians with additional insights that could 

influence future clinical practices. The findings may enhance clinicians' ability to consider 

demographic factors more comprehensively in their practice, potentially leading to improved 
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patient outcomes and satisfaction. This study also examines if there are significant differences in 

the VFQ-9 scores across demographic factors and across each domain. This study will inform the 

design of an EHR integrated provider-facing intervention to report VFQ-9 scores. 

3.1.1 Objectives:  

To understand the variation in vision-related quality of life, as measured by composite 

VFQ scores, and their domain-level score differences across demographic factors. 

3.2 Methods:  

3.2.1 Study Design and Data Source 

We retrospectively analyzed a longitudinal dataset from a major university hospital's eye 

center in the midwestern United States. The dataset includes comprehensive patient records from 

September 2017 to September 2023, specifically focusing on individuals who completed the 

vision-related quality-of-life assessment using the Visual Function Questionnaire-9 (VFQ-9). 

3.2.2 Population and Sampling:  

Adult patients who visited the eye center between September 2017 and September 2023 

were selected for inclusion in this study. Inclusion criteria required patients to have complete 

records, including VFQ-9 scores and detailed demographic information such as age, sex, race, 

ethnicity, and socio-economic status, quantified using the Distressed Community Index. Initially, 

our dataset comprised 135,655 patient records, accounting for multiple encounters for some 

individuals. To ensure the reliability and integrity of our analysis, we included only the first VFQ 

score for each patient and excluded records with missing or incomplete data. Additionally, 

pediatric patients were excluded from the analysis as VFQ-9 data were not collected for this 
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population. Following this refinement process, our final analytical sample consisted of 69,615 

unique patient encounters. This approach enabled us to utilize a comprehensive dataset that 

adequately represents the diverse population visiting the eye center, ensuring that our findings 

are based on robust and complete data. 

3.2.3 Data Collection:  

The data were extracted from the hospital’s EHR system, encompassing detailed 

demographic information such as age, gender, race, ethnicity, Distressed Community Index 

(DCI), and VFQ-9 scores. VFQ-9 composite scores, ranging from 0 to 100, were utilized as the 

primary outcome measure. To maintain data security, all information was accessed from a virtual 

sandbox environment, ensuring compliance with privacy regulations and safeguarding patient 

confidentiality. 

3.2.3.1 Dependent Variable:  

The primary dependent variable in our study was the VFQ-9 composite and domain 

scores. This score represents the overall vision-related quality of life as assessed by the VFQ-9, 

which evaluates various functional impairments and their impacts on an individual’s daily 

activities and emotional well-being. The VFQ-9 composite score is calculated by averaging the 

scores of all the subscales/domains included in the questionnaire, providing a comprehensive 

measure of the patient’s visual function and its effect on their quality of life. 

3.2.3.2 Independent Variables:  

Our analysis focused on age, gender, race, ethnicity, and the Distressed Community 

Index (DCI) as the independent variables. We categorized age into specific groups (e.g., 18-35, 

36-55, 56-75, and over 75) to capture the potential variances in vision-related quality of life 
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across different life stages. Race and ethnicity were classified according to standard national 

classifications. Additionally, we stratified the Distressed Community Index, a measure of 

economic and social hardship, into quartiles.  

3.2.3.3 Statistical Analysis:  

We calculated descriptive statistics for all demographic variables. For categorical 

independent variables including age groups, gender, race, ethnicity, and socioeconomic status 

quantified by the DCI quartiles, we calculated frequencies and percentages. This helped in 

understanding the distribution of these demographic factors within our study population. We 

used the Mann-Whitney U test for non-parametric testing of independent variables with two 

groups and the Kruskal-Wallis test for variables with more than two groups to determine if the 

differences observed among the groups were statistically significant. 

3.2.4 Ethical Consideration: 

This study was approved as exempt by the Institutional Review Board at the University 

of Michigan (HUM00201862) 

3.3 Results: 

3.3.1 Descriptive analysis: Patient Demographics and Characteristics: 

Table 1 presents the distribution of demographic characteristics among the participants in 

this study. We analyzed a sample of 69,615 unique participant encounters, and the demographic 

breakdown showed a predominance of females, constituting 59.3% of the sample, compared to 

40.7% who were male. The age distribution reveals that the largest group was those aged 56-75 

years, representing nearly half of the population at 49.6%, followed by the 36-55 years age group 

at 23.7%. The youngest cohort, 18-35 years, comprised 11.9%, while the oldest, those above 75, 
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accounted for 14.7%. The racial composition was majority White at 81.1%, with Black or 

African American at 9.3%, Asian at 6.5%, and smaller percentages for American Indian or 

Alaska Native (0.3%), Native Hawaiian or Other Pacific Islander (0.1%), and other races (2.7%). 

The ethnicity of the participants was predominantly non-Hispanic or Latino, making up 97.2% of 

the sample. Socioeconomic status, gauged by the Distressed Community Index (DCI), showed 

that 55% of the sample resided in the least distressed communities (Quartile 1), with descending 

representation through more distressed quartiles: 25.3% in Quartile 2, 9.9% in Quartile 3, and 

9.7% in Quartile 4. In our analysis, all demographic factors were treated as categorical variable, 

whereas the VFQ composite score was treated as a continuous variable.  

 
Demographic Factor Count (%) 

N=69,615 

Gender 
Female 
Male 

Age group 
18-35  
36-55  
56-75  
Above 75 

Race 
White 
Black or African American 
Asian 
American_Indian or Alaska Native 
Native Hawaiian or Other Pacific Islander 
Other 

Ethnicity 
Hispanic/Latino 
Not Hispanic/Latino 

Distressed Community Index (DCI) 
Quartile 1 (Low distressed community) 
Quartile 2 
Quartile 3 
Quartile 4 (Highly distressed community) 

 
41,251 (59.3%) 
28,364 (40.7%) 
 
8,305 (11.9%) 
16,496 (23.7%) 
34,551 (49.6%) 
10,263 (14.7%) 
 
56,436 (81.1%) 
6,502 (9.3%) 
4,499 (6.5%) 
242 (0.3%) 
54 (0.1%) 
1,882 (2.7%) 
 
1,950 (2.8%) 
67,665 (97.2%) 
 
38,298 (55%) 
17,627 (25.3%) 
6,915 (9.9%) 
6,775 (9.7%) 

 
Table 1: Descriptive Statistics of Demographic Factors 
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3.3.2 VFQ Scores by Demographic factors: 

We observed significant differences in vision-related quality of life as assessed by VFQ-9 

scores when examining demographic factors. Table 2 shows the VFQ-9 mean scores of the 

population by gender, age group, race, ethnicity, and DCI quartiles. 

N=69615  Mean Median SD IQR pvalue 

Gender         p<0.05 

Female 80.8 86.7 17.5 18.9   

Male 81.8 86.7 17.1 18.3   

Age Group         p<0.05 

18-35 86.4 92.2 15.6 15.5   

36-55 82.2 86.7 16.7 18.3   

56-75 81.0 86.7 16.5 18.3   

above75 76.3 81.7 20.7 24.5   

Race         p<0.05 

White 81.5 86.7 17.0 17.2   

Black or African American 76.7 83.9 20.3 24.5   

Asian 85.0 89.4 14.1 15.6   

American Indian or Alaska Native 74.7 81.1 20.5 29.0   

Native Hawaiian or Other Pacific Islander 79.5 84.4 19.0 24.4   

Other 79.7 84.4 18.0 19.4   

Ethnicity         p=0.09 

Hispanic/Latino 80.3 86.7 18.1 19.4   

Non-Hispanic 81.2 86.7 17.3 17.8   

DCI Quartile         p<0.05 

Q1 83.3 87.2 15.4 16.7   

Q2 81.1 86.7 17.2 18.9   

Q3 75.7 81.7 20.3 26.4   

Q4 75.0 81.7 21.3 27.2   

Table 2: VFQ scores by demographic factors 



 35 

We observed significant differences in the mean VFQ score within each demographic group 
(Figure 4).  

 
Figure 4: Average VFQ scores stratified by demographic factors 

 

Overall, the mean VFQ-9 score for the entire cohort was 81.3. When stratified by gender, 

we noticed that males exhibited slightly higher mean score of 81.8 compared to women at 80.8. 

Significant variations were evident across racial categories, with Asian participants reporting the 
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highest mean score of 85, followed by White participants at 81.5, while Black participants 

reported a lower mean score of 76.7, and American Indian participants had the lowest at 74.7. 

Ethnicity also played a role, with Hispanic individuals showing a slightly higher mean VFQ-9 

score of 86.66 compared to non-Hispanic individuals at 86.67.  

Age stratification revealed that younger participants aged 18-35 had the highest mean VFQ-9 

score of 86.4, followed by those aged 36-55 at 82.2, and subsequently, participants aged 56-75 

and above 75 reported mean scores of 81 and 81.67, respectively. All groups had high median 

scores above 80, indicating generally good quality of life (Figure 5). The younger age groups, 

18-35 and 36-55, had slightly higher median scores and less variability compared to the older 

groups. The number of outliers increased with age, suggesting greater variability in vision-

related quality of life among older populations. 

 

Figure 5: Average VFQ scores stratified by patient age group 
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Additionally, differences in VFQ-9 scores were observed across socioeconomic strata as 

indicated by DCI quartiles, with participants in the first quartile demonstrating the highest mean 

score of 83.3, followed by those in the second quartile at 81.1 and subsequently decreasing 

scores in the third and fourth quartiles at 75.7 and 75, respectively. These findings underscore the 

multifaceted relationships of gender, race, ethnicity, age, and socioeconomic status with vision-

related quality of life. 

Statistical tests were conducted to assess if the score differences observed across each 

group are significant. The Kruskal-Wallis test revealed significant differences in VFQ-9 scores 

across age groups (χ² = 1567.7, p < 0.001), racial categories (χ² = 436.9, p < 0.05), and DCI 

quartiles (χ² = 1342.9, p < 0.05). Additionally, Mann-Whitney U tests showed significant 

differences in VFQ-9 scores between genders (W = 564676696, p < 0.05). However, when 

comparing VFQ-9 scores between Hispanic and non-Hispanic individuals, the Mann-Whitney U 

test did not reveal a statistically significant difference (W = 64464259, p = 0.08). These findings 

highlight the complex relationship between demographic factors and vision-related quality of 

life, with ethnicity being the exception in this analysis. 

3.3.3 VFQ subdomain scores stratified by demographic variables: 

In addition to examining overall VFQ scores, we conducted an analysis of VFQ 

subdomain scores stratified by demographic variables. This analysis allowed us to assess how 

specific aspects of vision-related quality of life varied across different demographic groups (see 

Table 3). To investigate the associations between demographic factors and VFQ subdomain 

scores, we utilized statistical tests tailored to the nature of each variable. Specifically, we 

employed the Kruskal-Wallis test to assess differences in subdomain scores across race, age 

groups, and Distressed Community Index (DCI) quartiles. For gender and ethnicity, we utilized 



 38 

the Mann-Whitney test to compare subdomain scores between groups. These tests enabled us to 

comprehensively explore the relationship between demographic variables and VFQ subdomain 

scores in our study population.
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  Average VFQ Scores by domains 

N=69615 

Mean 
VFQ 
Score 

General 
Vision 

Mental 
Health 

Near vision 
(Reading) 

Near 
Vision 
seeing well 
up close 

Distance 
Vision Driving 

Role 
Limitation 

Peripheral 
Vision 

Near Vision 
(Finding 
Objects 
crowded shelf) 

Total Patient Population 81.2 70.2 64.9 74.5 76.8 84.5 89.2 91.9 89.4 89.5 

Gender   

Female 80.8 70.0** 64.4*** 74.2** 76.7 82.9*** 88.6*** 91.5*** 89.4 89.7*** 

Male 81.8 70.4** 65.5*** 75.0** 76.9 87.0*** 90.1*** 92.4*** 89.4 89.2*** 

Age Group                     

18-35 86.4 72.8*** 68.7*** 87.2*** 89.4*** 90.6*** 91.4*** 94.9*** 90.6*** 91.9*** 

36-55 82.2 70.0*** 64.1*** 74.6*** 77.4*** 87.7*** 91.2*** 93.4*** 90.3*** 90.7*** 

56-75 81.0 70.4*** 64.8*** 73.1*** 74.8*** 83.7*** 89.9*** 92.4*** 89.9*** 89.7*** 

above 75 76.3 67.7*** 63.2*** 69.0*** 72.5*** 77.3*** 81.8*** 85.1*** 85.2*** 84.8*** 

Race   

White 81.5 70.6*** 65.8*** 74.7*** 76.4*** 84.4*** 89.5*** 92.4*** 89.7*** 89.9*** 

Black or African American 76.7 66.1*** 57.0*** 69.2*** 75.5*** 82.1*** 84.9*** 86.8*** 84.7*** 84.3*** 

Asian 85.0 71.1*** 67.3*** 80.7*** 83.9*** 90.2*** 92.1*** 93.7*** 93.5*** 92.4*** 
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  Average VFQ Scores by domains 

N=69615 

Mean 
VFQ 
Score 

General 
Vision 

Mental 
Health 

Near vision 
(Reading) 

Near 
Vision 
seeing well 
up close 

Distance 
Vision Driving 

Role 
Limitation 

Peripheral 
Vision 

Near Vision 
(Finding 
Objects 
crowded shelf) 

American Indian or Alaska 
Native 74.7 66.3*** 57.1*** 67.6*** 69.7*** 76.5*** 82.7*** 86.6*** 83.1*** 83.0*** 

Native Hawaiian or Other 
Pacific Islander 79.5 69.6*** 65.7*** 69.9*** 76.9*** 80.6*** 85.6*** 89.4*** 89.4*** 88.9*** 

Other 79.7 68.6*** 59.3*** 73.5*** 77.8*** 84.8*** 87.7*** 89.5*** 88.4*** 87.7*** 

Ethnicity   

Hispanic/Latino 80.3 68.8*** 60.3*** 74.1 78.4*** 84.7 88.3* 90.9* 88.7 88.4* 

Non-Hispanic 81.2 70.2*** 65.0*** 74.5 76.8*** 84.5 89.2* 91.9* 89.4 89.5* 

DCI Quartile   

Ql 83.3 71.9*** 67.7*** 76.8*** 78.6*** 86.7*** 91.3*** 93.7*** 91.6*** 91.7*** 

Q2 81.1 70.0*** 64.7*** 74.4*** 77.1*** 84.4*** 89.2*** 91.8*** 89.4*** 89.3*** 

Q3 75.7 65.8*** 57.5*** 68.8*** 71.4*** 78.7*** 83.6*** 87.6*** 83.4*** 84.2*** 

Q4 75.0 65.2*** 57.0*** 67.6*** 71.7*** 78.7*** 82.9*** 85.8*** 82.9*** 83.0*** 

 
*** p-value<0.001, ** p-value < 0.005, *p-value < 0.05 
 
Table 3: VFQ subdomain stratified by demographic factors
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In our analysis of mean VFQ scores by subdomains we found that of all the subdomains, 

mental health had the lowest mean score (64.9), followed by general vision (70.2) across the 

entire sample. (Figure 6) 

 
Figure 6: Average subdomains scores for the population 

 
When stratified by age groups, we observed that all subdomain scores decreased as the 

age increases. (Figure 7).  
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Figure 7: VFQ subdomain scores stratified by age groups 

 

Specifically, we noted a trend of lower mental health-related quality of life across age 

groups, with mean scores for the mental health subdomain declining from 68.7 for 18-35 age 

group to 63.2 for those above 75. (Figure 8) 
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Figure 8: VFQ subdomain mental health scores stratified by age groups 

 
Furthermore, when considering race, Black and American Indian participants exhibited 

the lowest mean scores for the mental health subdomain, with scores of 57 and 57.1, respectively 

(Figure 9).  

 
Figure 9: VFQ subdomain scores by race 
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3.4 Discussion: 

Our study looked at the variations in VFQ-9 composite and subdomain scores, in a large 

sample from a Midwest university hospital's eye center. Significant variations in VFQ-9 

composite and domain scores were evident across demographic groups. Notably, age-stratified 

analysis revealed a decline in VRQoL as age increased, with younger individuals reporting 

higher VFQ scores compared to older age groups. Racial disparities were also notable, with 

Asian participants reporting the highest VFQ scores, followed by White individuals, while Black 

and American Indian participants exhibited lower scores. Similarly, ethnicity played a role, with 

Hispanic individuals reporting slightly higher VFQ scores compared to non-Hispanic 

counterparts. Socioeconomic status, as measured by the DCI score, showed varying impacts on 

VRQoL across quartiles, with individuals in less distressed communities reporting higher VFQ 

scores. 

Our study also highlights the importance of examining VFQ subdomain scores for the 

patient population. Well-being/Mental health emerged as a particularly salient subdomain, with 

the lowest mean score observed as compared to other domains. We also observed significant 

variations within other domains of VFQ-9 like General vision, Distance vision, Near Vision, 

Peripheral vision, Role limitation and Driving.  

Our findings emphasize the importance of incorporating VFQ composite and subdomain 

scores into routine clinical assessments. By providing clinicians with a more nuanced 

understanding of patients' VRQoL, including specific domains of visual function, our study 

necessitates the need for a reporting tool that can deliver these subjective measures for shared 

decision making. Our study has the following limitations. Although we looked at the variations 

in VFQ scores, we did not look at the impact of these demographic factors on VFQ-9 composite 
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and domain scores. Moreover, our study sets the stage for future research exploring provider-

facing interventions, such as EHR-integrated tools, aimed at enhancing the reporting and 

utilization of VFQ subdomain scores in clinical decision-making. Subsequent analyses should 

include an analysis of the relationship between VRQoL and visual acuity, to identify 

opportunities to inform clinicians about unexpectedly low VRQoL scores, when visual acuity is 

normal would also be conducted in the future. We anticipate that future analyses are also needed 

to better understand the relationship between mental health and visual acuity. 
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Chapter 4 Using Patient-Reported Outcomes (PROs) in Routine Ophthalmology Practice: 

A Contextual Inquiry 

4.1 Introduction: 

Visual impairments profoundly influence an individual's quality of life and extend 

beyond the loss of visual acuity to affect various aspects of daily living.163 In ophthalmology, 

visual acuity is often used as the primary metric for assessing a patient’s visual function.164 

However, such objective measures fail to fully indicate the broader effects of eye conditions and 

their treatments on patients' vision-related quality of life (QoL).165  

Patient-reported outcomes (PROs) can provide a comprehensive assessment of the broad 

impact of eye conditions on patients’ quality of life, delivering direct insights into their 

symptoms, functional status, mental health, and overall well-being.31,69 In the context of 

ophthalmology, the National Eye Institute’s 9-item Visual Function Questionnaire (VFQ-9) is a 

validated PRO instrument designed to capture the patient's perspective on how their vision 

impairment affects their daily life, activities, and overall well-being, making them an essential 

tool for assessing the quality of life-related to visual function.153 By focusing on key areas of 

visual function, VFQ-9 provides information about the personal experiences of those with visual 

impairments, emphasizing the patient's perspective in assessing visual health outcomes.159  

Incorporating PROs in routine clinical care have shown to be useful in detecting and 

managing health conditions, improving patient-provider communication, and improving patient 

satisfaction.58,71 Therefore, PROs like the VFQ-9 hold considerable value in clinical practices,159 
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providing insights into the broader effects of visual impairment on daily life aspects that clinical 

assessments do not capture.166  

For PROs to be effectively utilized in routine clinical practice, PRO data must be easily 

accessible and readily available during patient care. EHR-integrated PROs can enable more 

standardized and efficient PRO documentation, use, and workflows.138,167,168 However, 

incorporating PROs into clinical settings presents significant concerns, such as increased 

workload, the clinical relevance of PROs, interruptions to existing workflows, and insufficient 

data visualization capabilities.83,168 The successful integration and adoption of an EHR-integrated 

PRO system depends on careful consideration of the workflow and the needs of stakeholders, as 

well as potentially tailoring the PRO intervention to meet diverse needs.94,169 While there are 

studies focused exclusively on provider perspectives30,170 for using PROs in clinical practice, 

there is limited evidence of a comprehensive approach to exploring the workflow, stakeholder 

perspectives, and the requirements for effective collection, reporting, and use of PRO 

information in routine clinical practice.171   

Contextual Inquiry (CI) is a user-centered research method that aims to uncover users' 

true needs by observing and interviewing them in their work environments.172 This method is 

foundational in understanding the complex conditions surrounding users’ tasks, which can then 

inform the redesign of work processes and the development of tailored user interfaces. CI 

combines direct observation with partnership and focused inquiry to ensure a deep, accurate 

comprehension of users' needs in their "real world" contexts. Key concepts of CI include: (i) 

Context: This encompasses all the factors that influence users' work, such as their physical 

environment, social interactions, organizational culture, and the tools they use. Understanding 

these factors is essential to grasp the full scope of users' needs and challenges. (ii) Partnership: 
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Traditional interviews often fail to capture detailed needs because users might not articulate the 

subtleties of their tasks. CI addresses this by involving users as co-investigators, which helps 

obtain a more accurate and complete understanding of their requirements, and (iii) Focus: CI is 

directed by a specific focus that narrows the research to a particular area of interest, facilitating 

the collection of detailed and relevant data.173  

Therefore, this study employs a contextual inquiry approach to examine the clinical 

workflows, stakeholder perspectives, and information needs related to using PRO data in routine 

clinical settings. We aim to inform the development of integrated VFQ-9 reporting systems 

within EHRs.  

4.2 Methods: 

4.2.1 Setting and Context:  

The study was conducted at a major eye center located within an academic medical center 

in the Midwestern United States. Starting in 2017, the center began incorporating the National 

Eye Institute’s 9-item Visual Function Questionnaire (VFQ-9) into the Electronic Health 

Records (EHR) for all patients aged 18 and above on an annual basis.  

4.2.2 Participants:  

Participants in this study included front office staff, technicians, managers and 

ophthalmologists. Our observations included front office staff and technicians in their clinical 

settings, specifically looking at how they collected and entered VFQ-9 scores into the EHR. 

Along with the technicians and front office staff, we also interviewed the managers to understand 

the operational challenges in collecting and reporting VFQ-9 data. We conducted semi-structured 

interviews with clinicians who have engaged with VFQ-9 scores within the EHR system, aiming 
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to capture their perspectives and information needs to use VFQ-9 scores in their routine clinical 

practice. We selected stakeholders for interviews using a purposive sampling method, focusing 

on individuals directly involved with the VFQ-9 process.  

4.2.3 Study Design and Approach:  

Our study employs a contextual inquiry approach grounded in user-centered design 

principles to ensure a detailed examination of the integration and utilization of the VFQ-9 within 

clinical workflows (Figure 10). 

First, we performed clinical workflow analysis to map out the processes involved in 

collecting and reporting the VFQ-9 data within the clinical setting. As part of the clinical 

workflow analysis, we also carried out observations and semi-structured interviews with front 

office staff and technicians to understand the process involved in collecting and reporting VFQ-9 

data. Then, we conducted semi-structured interviews with clinicians to understand their 

perspectives and the information needed to use VFQ-9 data in routine clinical practice.  

 
Figure 10: Overview of the Contextual Inquiry Approach 
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4.2.4 Clinical Workflow Analysis: 

We implemented a 3-step process for the workflow analysis. This included (1) initial 

observations of the clinical environment to gain a comprehensive understanding of the VFQ-9 

workflow, (2) targeted interviews with stakeholders involved in the VFQ-9 process to elucidate 

their perspectives and identify specific challenges, (3) workflow mapping to visually represent 

the VFQ-9 workflow.  

(1) Initial Observations: 

The initial observations involved systematically evaluating and documenting the VFQ-9 

workflow within the clinical environment. We conducted 40 hours of direct observation across 

various clinical settings within the eye center to capture real-time interactions and processes 

related to the VFQ-9 collection, data entry into the EHR, and PRO reporting to a dashboard. This 

step enabled us to understand how the questionnaire is integrated into daily operations across 

clinical specialties. We gathered information on how the VFQ-9 is administered, how the data is 

entered into the EHR, how it is reported, and who utilizes the reports.  

(2) Targeted Interviews: 

Additionally, we carried out field interviews with diverse stakeholders involved in the 

VFQ-9 process. This group included front office staff (n=6), who often serve as the first point of 

contact for patients; technicians (n=6), who are crucial in administering the VFQ-9 and ensuring 

its completion; and managers (n=3), who oversee the operational aspects of VFQ-9 integration. 

These interviews were designed to explore their experiences, identify any challenges they face in 

their roles concerning the VFQ-9, and collect their recommendations for process improvements. 
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(3) Workflow mapping 

The workflow mapping step visually represented the collection, integration, and reporting 

processes of the VFQ-9 data within the clinical setting. Creating a detailed map of how VFQ-9 

data moves through various stages—from patient entry to data utilization—helped identify 

challenges in the current workflow. The visual nature of workflow mapping allowed the research 

team and stakeholders to pinpoint bottlenecks and areas identified through observation and 

targeted interviews where the current VFQ-9 process could be improved. By synthesizing 

information from diverse sources, this step provided a comprehensive view of the challenges and 

opportunities within the existing workflow. 

4.2.5 Semi-structured interviews 

After the clinical workflow analysis, we focused on understanding the clinician's 

perspective and information needs for using VFQ-9 scores in routine clinical practice. We 

conducted semi-structured interviews with clinicians (n=9) who had direct experience with VFQ-

9 data within the EHR system. The interviews were transcribed verbatim, and we conducted 

thematic analysis to develop common themes related to information needs, and challenges for the 

use of VFQ-9 data. We aimed to understand the perspective of clinicians and their specific 

information needs for using VFQ-9 data in routine clinical practice. By employing this 

multifaceted, hands-on approach, our study not only aimed to map out the existing workflows 

and interactions surrounding the VFQ-9 but also sought to identify areas for improvement.  

4.2.6 Data Collection and Analysis:  

Clinical workflow analysis was conducted over a period of one month during February 

2023. Direct observation and field interviews with front office staff and technicians were 
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conducted over a period of five weeks between February and March of 2023.  Semi-structured 

interviews with the clinicians were conducted from 2020 to 2023. Study participants were 

recruited via email, face-to-face, and through referrals from the managers of each clinic. Verbal 

consent was obtained from all participants prior to conducting the interviews. Participants were 

fully informed about the purpose of the study, the nature of their participation, and their right to 

withdraw at any time without any consequences. We collected field notes for all observations 

and interviews with front office staff, technicians, and managers. Additionally, semi-structured 

interviews with clinicians were recorded, transcribed verbatim, and later edited for clarity. We 

conducted a thematic analysis of field notes and interview transcripts to systematically develop 

and categorize key themes. 

4.2.7 Ethical Consideration: 

This study was reviewed and determined to be not regulated by the Institutional Review 

Board at the University of Michigan (HUM00228979) 

4.3 Results: 

4.3.1 Clinical Workflow Analysis 

4.3.1.1 Initial observations 

Based on the workflow analysis, we created a flowchart that presents the clinical 

workflow around the collection and reporting of VFQ-9 within the eye center. (Figure 11). The 

flow chart presents the VFQ-9 workflow from how the data is collected to how it is reported in 

the EHR.  
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Figure 11: Clinical workflow mapping of VFQ-9 

 
Based on the field interviews conducted, we identified the following challenges in 

collecting and reporting PROs (Figure 12).  
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(i) Low patient engagement with the portal 

Participants noted that the primary challenge in collecting VFQ-9 data is related to the 

low engagement with the portal, as some patients could not fill out the forms because of their 

existing visual conditions. For example, a front office staff member said, “Completing the VFQ 

forms can be a real challenge for some of our patients, particularly those with eye conditions 

that impair their vision, like glaucoma. It's especially tough for them due to the progressive 

nature of their conditions.”  

(ii) Inadequate accessibility features within the portal: 

Managers reported the need for accessibility options within the patient portals, like text-

to-speech. They noted that these improvements would assist visually impaired patients in 

completing the VFQ-9 through the portal and improve the portal usage rate. For example, a 

participant said, “To support all our patients, incorporating accessibility options like text-to-

speech into our portal is essential. This can enable patients with visual impairments to navigate 

and complete the VFQ-9 independently, increasing overall usage rates of our portal and 

improving portal usage rates”. 

(iii) Limited font size in both paper and portal versions of the VFQ-9 

A staff member noted that increasing font sizes in the portal and on printed VFQ-9 forms 

can also help patients with varying degrees of visual impairment access and complete the 

questionnaire more comfortably. “There should be options to increase the font sizes on the 

portal, and we also need additional printed VFQ-9s with larger fonts. This will greatly benefit 

people with visual impairments, making it easier for them to complete the forms comfortably.”  
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(iv) Limited availability and use of tablets: 

Staff highlighted that tablets are limited in availability and use, and most clinics use 

paper VFQ-9 forms. Even in clinics that do utilize tablets, during times of high patient volume, 

there are not enough devices to go around or no convenient charging facilities for tablets, leading 

staff to resort to paper VFQ forms. For example, one staff member said, “In our clinic, we do not 

have an adequate number of tablets; if the patients do not complete VFQ during their online 

check-in, we give paper forms.”  

Another staff member added, "Most clinics use paper VFQ forms. In the clinic where 

they use tablets, we have a limited number of devices. And we just don't have enough to go 

around on busy days. So, we give paper VFQ-9 forms, which means more manual data entry for 

our technicians." 

(v) Increased workload 

Technicians reported increased workload due to the limited use of patient portals and 

tablets to fill VFQ-9 as another bottleneck. Patients who have not completed the VFQ-9 during 

online check-in are given paper VFQ-9 forms in most clinics. This increases the workload of 

technicians who must manually input VFQ-9 data into the EHR. The technicians added that the 

use of tablets, however, could automate this data entry, effectively reducing the technicians' 

workload. One of the technicians stated, "It would be great if all patients could fill out the VFQ-9 

through the portal or tablet here at the clinic. When they don't, we're manually entering their 

responses from the paper forms into the EHR, and that takes up a lot of our time, especially 

during a busy clinic day" 
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Figure 12: Bottlenecks identified in the workflow map of VFQ-9 

 

4.3.1.2 Semi-structured interviews with providers: 

The interviews with the clinicians lasted 30 minutes on average, ranging from 20-42 

minutes. During the interviews, providers shared their perspectives on VFQ-9, including its 

significance, some of the current challenges associated with using them for clinical decision-

making, and their needs for using VFQ-9 scores in routine clinical practice. Based on the 

analysis, we identified four main themes: (i) Theme 1: VFQ for Improved Patient 

Communication and Engagement, (ii) Theme 2: Challenges and Limitations in using VFQ-9, (iii) 
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Theme 3: Information needs for using VFQ-9, and (iv) Theme 4: Educational Needs on VFQ-9 

Clinical Utilization. Appendix B outlines the themes identified in our study and includes 

representative quotes from providers to illustrate these themes. 

 

VFQ for Improved Patient Communication and Engagement:  

Theme 1: VFQ-9 helps in understanding patient's perspectives of their vision 

During the interviews, providers consistently highlighted the significance of the Visual 

Function Questionnaire (VFQ) in their clinical practice. One provider noted, “Some people are 

just a lot more sensitive to little imperfections in their vision compared to other patients. And so I 

get to know them a little better with the VFQ-9. More of their perception of what it's like outside 

of the exam room, like what it's like to live their life with their vision. (010)”  

The providers emphasized that the VFQ is crucial for gauging patients' perceptions of 

their vision-related quality of life, offering invaluable insights beyond traditional clinical 

measures. Another provider noted, “For me, it's a really good thing to know before I walk into a 

patient about how their perceptions of how severe their eye problems are affecting them. When 

we take a history, sometimes we really don't have a relative severity compared to other patients 

and compared to sort of perfect health. So I found them (VFQ-9) incredibly useful” (003). This 

emphasis on the VFQ underscores its role as a diagnostic tool and a medium for fostering more 

meaningful and informed conversations between providers and patients.  

Providers also highlighted the effectiveness of the VFQ-9 due to its concise and targeted 

nature. “[VFQ-9] is one of the more accessible questionnaires because of its length. Most people 

can complete it in three or four minutes. Most patients, especially with something like glaucoma, 

which is the majority of my patient population, are deeply concerned with their long-term ability 
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to continue doing all of their daily functional activities. And this questionnaire gets at those 

things. (001)" 

According to the feedback gathered, the VFQ's ability to capture the subjective impact of 

vision impairments on daily activities enables providers to tailor their care approaches more 

effectively, ensuring that treatment plans align with patients' needs and concerns. A provider 

shared, “I see some conditions that don't manifest as clinical signs that I can see on examination. 

And really a lot of that is subjective, so specifically for my world, dry eye, a lot of people can 

have very little clinical signs on eye exam, but they can be very symptomatic and very 

functionally impaired. So, the VFQs are invaluable in capturing the patient's subjective 

experience, allowing us to tailor treatments more effectively to their specific needs. (003)". This 

acknowledgment of the VFQ's importance reflects its integral role in enhancing patient-centered 

care by bridging the gap between clinical assessments and the patient's experience. 

 

Theme 2: Challenges and Limitations in using VFQ-9: 

This theme captures the logistical and practical challenges encountered by healthcare 

providers when implementing the VFQ-9 into clinical practice. These challenges primarily 

revolve around the additional time and workload required, perceived inefficiencies in the current 

workflow, and the timing of VFQ completion to optimize patient care. 

Providers expressed concern that incorporating the VFQ into their routine assessments 

significantly increases their clinic time and workload. This is especially pertinent in fast-paced 

clinical settings where time is limited. One provider articulated this challenge by stating, “The 

challenge is time. The time it takes for me to look at it. [...] In some clinics, the technicians 

actually take time during the visit to answer the question, [...], and record their answers. And 
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nobody likes that because it takes technician time, increases workload, and delays clinic visits.” 

(006) 

The workflow associated with the VFQ administration has been identified as another 

critical challenge. Providers feel that the current process could be streamlined for efficiency. A 

representative quote that highlights this says, “It's tough because [...] sometimes the patients 

aren't even finished with the questionnaire by the time the technician is done working them up. 

So they're usually finishing the questionnaire while they're waiting to see me. [...]. So then it's 

not available to me in the EHR when I'm actually seeing the patient. [...] so it's not available to 

me unless I go through the paper and add up. I don't even know how it works everywhere, but the 

whole workflow should be streamlined”. (009) 

Many providers suggest that having the VFQ completed before the patient's visit could 

alleviate some of these challenges, allowing for a more focused and efficient use of consultation 

time. One clinician noted, “The technicians are administering the [VFQ] questionnaire often. 

Even still, that's [...] three or four minutes, sometimes in a busy clinic, the technician will move 

through 100 patients. So that's literally hundreds of minutes of asking these questions. I think if 

patients could complete this prior to their visits, that would be great.” (001) 

 

Theme 3: Information Needs for Using VFQ-9 

This theme addresses the critical information needs identified by healthcare providers to 

optimize the use and interpretation of VFQ-9 in clinical settings. Providers emphasized the 

importance of quickly accessing VFQ scores within the EHR. A clinician noted, “I actually have 

no idea where even to find the results of the VFQ. I don't know where to find it in EHR. That's 

how little we use it. But if it was there and readily available, yeah, I’d review it.”  (007) 
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Providers underscored the need to show changes within each domain of visual function, 

such as General vision, Well-being/mental health, near vision, distance vision, driving, role 

limitation, and peripheral vision, as captured by VFQ scores, for a more detailed insight into 

patient conditions. A clinician remarked, "It's important to see changes within each VFQ-9 

domain so that we can tailor our approach to precisely address the areas where patients are 

experiencing difficulties." 

Most providers emphasized the necessity of time point and time series data to monitor 

VFQ scores longitudinally. “It's nice to know what it [VFQ score] is that day, but we can also hit 

if there's a trend button or a graph button where we can trend it over time, and I think both of 

those will be helpful.” (009). Another provider noted, “I think, [...] it would also be nice to have 

these trends over time within each patient so that we can see people's VFQ score over time [...] 

like this is where they were this year, this is where they were last year. And I think that would be 

helpful.” (003).  

The need for simple and straightforward visual representations of VFQ data was 

emphasized to facilitate quick interpretation. A provider mentioned, “In terms of visualization, 

the simpler the better. I need to be able to look at it in like 5 seconds and take it in. However, 

that works. (006)” 

Lastly, aligning VFQ results more closely with exam scores, such as visual acuity scores 

and Intraocular Pressure, was mentioned as a way to better correlate subjective patient 

experiences with objective clinical measurements. A clinician highlighted, “If I can view the 

VFQ data [...] side by side with the clinical data [...], for example, visual acuity and intraocular 

pressure are things that just pop up right in front of you when I open a patient chart. If this 

[VFQ score] was right there alongside them, I have visual acuity, intraocular pressure, and 
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VFQ. Then it went in the face, and I couldn't miss it even if I'm moving fast; it would be 

impossible to miss this.” (002). Another provider said, “And there's a snapshot that shows you 

trends in intraocular pressure (IOP) over time. I think the most useful place for it [VFQ Scores] 

would be in that trend over time snapshot window with IOP. (001). 

Theme 4: Educational Needs for VFQ-9 Utilization 

This theme underscores the need for continuous internal educational initiatives on the 

clinical utility of VFQ scores. It highlights two main areas of focus: (i) the need for enhanced 

education regarding the clinical utility of VFQs and (ii) the promotion of continuous discussions 

on the VFQs' clinical benefits via internal education platforms. 

The gap in knowledge regarding how PROs, like VFQs, can be leveraged in clinical 

practice to enhance patient care was a concern. A provider expressed, “I think that a lot of this 

conversation around VFQ gets sequestered in the research community, [..] I think getting 

information about the clinical utility of VFQs out to clinical providers [...] could be helpful.”  

(001). Another provider added, “I think tailoring why VFQ is helpful with clinical examples to 

each subspecialty is probably a nice way to go about doing it. [...] Tailoring to the specific 

subspecialty makes the VFQ much more powerful. [...] Because I don't know how clinically 

meaningful a VFQ score is to a specific clinical condition. And I think that clinical 

meaningfulness would come from being able to talk about VFQ’s clinical utility to clinicians so 

that they can't ignore it; except now, it is like, go find it!”. (008) 

Continual education and dialogue on the application and benefits of VFQs and PROs 

within the healthcare team were recommended. “Showing clinicians the utility of this VFQ 

scores related to the traditional outcomes that they're familiar with, like in grand rounds, journal 

clubs, educational forums [...] and to be able to talk about this from an educational standpoint 
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and demonstrate to people that it can actually impact their patient care would be helpful. I mean, 

I see it in my own work, but I think that sort of ongoing dialogue is really important.” (003). 

Another provider noted, “We have different seminars like we have a fall seminar, a 

midwinter one, and a spring one. And that is well attended. So maybe there could be someone 

who could talk for 15-20 minutes about VFQ; I feel like you could cover it enough to help us 

understand why we should care about it” (010).  

4.4 Discussion: 

This contextual inquiry into the use of the National Eye Institute’s 9-item Visual 

Function Questionnaire (VFQ-9) within routine ophthalmology practice at a major eye center has 

uncovered significant insights into information needs and challenges for PRO integration. The 

clinical workflow analysis helped in understanding the workflow challenges in collecting the 

VFQ-9. At the patient level the workflow bottlenecks identified are (i) Low patient engagement 

with the portal (ii) Inadequate accessibility features within the portal, and (iii) Limited font-size 

in both the paper and portal versions of the VFQ-9. At the front-office, limited availability and 

use of tablets were identified as the bottlenecks. Technicians noted that a significant challenge 

was increased workload due to the low usage of the portal by patients. 

Our thematic analysis yielded the following themes: Theme 1: VFQ helps in 

understanding patient's perspectives of their vision, Theme 2: Challenges and Limitations in 

using VFQ-9, Theme 3: Information needs for using VFQ-9 and Theme 4: Educational Needs for 

VFQ-9 Utilization.  

Further exploration within our study revealed that operational challenges, such as 

inadequate patient portal features and the physical limitations of tablet use in clinical settings, 

significantly hinder the collection and utilization of PROs. In our study, providers articulated 
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their specific needs for integrating VFQ-9 within the EHR system. They emphasized the 

importance of the VFQ-9 as a vital tool for capturing patients' subjective experiences of vision 

impairments, which are only sometimes apparent through clinical examination alone.174 

However, providers faced significant challenges in effectively using VFQ-9 scores due to 

workflow inefficiencies and limitations within the EHR system. They highlighted the need for 

quicker access to VFQ-9 results to minimize disruptions during patient consultations and 

improved visualization of VFQ-9 scores within the EHR to facilitate easier interpretation and 

integration into clinical decision-making processes.30 Consistent with previous studies, providers 

also highlighted the necessity of continuous training and the development of tailored educational 

resources to enhance understanding and effective use of PRO/VFQ-9 scores.168 These insights 

are crucial for developing more refined systems that support the nuanced needs of both patients 

and healthcare providers. 

Our findings align with existing literature emphasizing the value of PROs in enriching 

clinical assessments and patient care. Studies, such as those by Valderas et al.,109 have similarly 

identified the integration of PROs into clinical practice as a method to improve the accuracy of 

patient health assessments and treatment outcomes. However, unlike most studies that focus on 

the theoretical or small-scale implementation of VFQ in clinical practice,175 our inquiry 

comprehensively analyzes the implementation across a large, specialized clinical setting. This 

contextual inquiry uniquely contributes to understanding the practical challenges and 

adjustments needed for successful PRO integration in healthcare workflows. 

A notable strength of this study is the use of a comprehensive approach to capture a 

holistic view of the VFQ-9 integration process from multiple stakeholder perspectives. A 

limitation of our research is the exclusion of direct patient feedback, which could provide deeper 
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insights into patient perceptions and the usability of PRO tools. Our findings illustrate a range of 

barriers and information needs for the use of VFQ-9 but do not necessarily represent these 

characteristics for ophthalmology clinics more broadly.  

Future studies should include patient interviews to understand their experiences and 

preferences regarding PRO completion and integration into their care. Despite these limitations, 

our methodology—combining observations, workflow analysis, and stakeholder interviews—

offers a robust framework for identifying critical areas for improvement in designing tools for 

collecting and using PRO within clinical practice.  

4.5 Conclusion: 

This contextual inquiry into the VFQ-9 integration at a major ophthalmology center has 

identified challenges associated with patient visual impairments, inadequate hardware resources, 

and limitations in the current EHR systems to manage and display PRO data effectively. The 

results of our study revealed significant insights into the VFQ-9 integration process, which are 

crucial for designing a more efficient system for reporting PRO data in routine clinical practice. 

Moreover, the study highlights operational issues, such as inefficient patient portal features and 

the cumbersome physical use of tablets within clinical environments, which impede the optimal 

collection and use of PROs. Our findings suggest a need for system improvements to enhance 

access to and the usability of PRO data and ongoing provider education to maximize the benefits 

of PROs in clinical settings. Importantly, to advance the utility of PROs in enhancing patient 

care, future efforts should prioritize direct patient input to better align the system’s capabilities 

with the users' needs. This is important not only in Ophthalmology but also across any health 

system as patients with visual impairment see all kinds of providers and applies to all the other 

care they receive from other specialties as well. This approach will ensure that the system’s 
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design and functionalities closely match the actual needs of its users, making PRO tools more 

practical and effective in clinical settings. This study provides valuable insights into the 

dynamics of PRO integration. It lays the groundwork for more effective implementations in the 

future, potentially leading to more patient-centered and nuanced healthcare solutions in 

ophthalmology.
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Chapter 5 Designing and Evaluating an EHR-Integrated PRO Reporting Tool for 

Ophthalmology: A User-Centered Design Approach 

 

5.1 Introduction: 

In recent years, the healthcare landscape has undergone a profound transformation, 

shifting towards a model of care that places patients at the center of decision-making and 

treatment planning.176 At the heart of this movement lies the concept of patient-centered care, 

which emphasizes the need to engage patients in their own care journey, recognize their 

individual preferences, and address their unique needs and concerns.43,177 Patient-reported 

outcomes (PROs) have emerged as a key mechanism for capturing patients' subjective 

experiences and perspectives and offer a more holistic and patient-centered approach to assessing 

healthcare outcomes.177 

The integration of PROs into routine clinical practice, especially in specialized fields like 

ophthalmology, has garnered significant attention for its potential to improve patient care and 

treatment outcomes.178 In ophthalmology, the National Eye Institute Visual Function 

Questionnaire (NEI-VFQ) has proven to be a valuable tool for evaluating vision-related quality 

of life (VRQOL).179 The NEI-VFQ-9 (Appendix 1) is an abbreviated 9-item PRO measure often 

used in clinical settings due to its simplicity and practicality.153,180 It consists of nine questions 

that cover various aspects of visual function, including general vision, near vision, distance 

vision, peripheral vision, mental health, role limitation, and driving. The VFQ-9 is a valuable 
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tool in ophthalmology, providing clinicians with a comprehensive understanding of how a 

patient’s visual impairment affects their daily life. 

Despite the emphasis on PROs in clinical care, several challenges remain, including the need for 

standardized measurement tools, efficient data collection and reporting methods, and seamless 

integration into existing workflows.168 Integrating PRO data into the EHR systems allows 

healthcare providers to gain real-time access to patient-reported information, allowing for more 

personalized and patient-centered care delivery.167 However, the successful implementation of 

PROs depends on the data being accurately integrated into EHRs, easily accessible, and 

interpretable.181 Given that the utility of PROs is context-specific, reporting systems must be 

tailored to meet the unique needs of users and their contexts.182 User-centered design (UCD) is 

thus instrumental in this process, ensuring that the end-user’s experience is the focal point 

throughout the development of these systems.183 

UCD methods have been successfully used to develop electronic patient-reported 

outcome measures (ePRO) tools, demonstrating their effectiveness in enhancing user experience 

and satisfaction with new systems.184 By actively involving end-users in the design process, 

UCD methodologies enable developers to gain valuable insights into the usability, functionality, 

and relevance of PRO reporting tools.135 Through iterative prototyping and user testing, 

designers can identify potential usability issues,185 gather feedback on design elements, and make 

informed decisions about refinement and optimization. This iterative approach enhances the final 

product's usability and effectiveness and fosters greater acceptance and adoption among end-

users.186  

In our previous study (Aim 2), we employed contextual inquiry to understand the users 

and their information needs. This comprehensive approach incorporated workflow analysis, 
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observations, and semi-structured interviews. These activities facilitated a grounded 

understanding of the existing system and user needs, directly informing the design of initial low-

fidelity prototypes. By leveraging UCD principles, this study seeks to develop design 

recommendations for PRO reporting interventions that meet providers' unique needs and 

preferences to deliver patient-centered care in the field of vision health.  

5.2 Methods: 

5.2.1 Setting:  

This study was conducted at a leading eye center within a major university hospital in the 

Midwest region of the United States. The center collects Visual Function Questionnaire (VFQ-9) 

scores annually from all patients aged 18 and older, which are then integrated into the hospital’s 

EHR system. Recruitment and data collection for this study spanned from May 2023 to March 

2024, facilitating the development of design recommendations for enhancing the VFQ-9 report 

integration within the clinical setting. 

5.2.2 Participants:  

Participants in the study were providers who either regularly interacted with or expressed 

willingness to engage with VFQ-9 scores within the EHR system. Eleven providers from the eye 

center were selected through purposive sampling to participate in the design study, some of 

whom were chosen based on their valuable insights from earlier research involvement. The 

inclusion criteria were specifically aimed at providers involved in adult patient care, aligning 

with the patient age group eligible for VFQ-9 assessments. Pediatric ophthalmologists were 

excluded from the study because they do not use the VFQ-9, as it is not administered to children. 

Providers who opted out of participating in the study design process were also excluded. This 
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strategic selection process was done to gather comprehensive, practical insights that would drive 

the development of a more functional and user-friendly VFQ-9 reporting format. 

5.2.3 Design process:  

This study used a user-centered design (UCD) framework130 (Figure 13), which is 

comprised of a three-stage design process to design a VFQ-9 report using input from the end 

users. The UCD framework was chosen for its emphasis on understanding and addressing the 

needs of the end users, thereby ensuring the development of a usable and effective solution. The 

three stages of UCD methods include (1) Contextual Inquiry, (2) Developing /refining the initial 

prototypes, and (3) Usability evaluation.  

5.2.3.1 Developing / Refining the Initial Prototypes: 

The process of developing and refining the VFQ-9 feedback report prototypes involved 

several iterative steps. Initially, low-fidelity sketches were created to explore design features and 

gather initial feedback from users. These sketches served as a foundation for generating ideas 

and refining the prototypes. The prototypes underwent iterative refinement through collaborative 

design sessions based on user feedback, requirements, and information needs. 
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Figure 13: User-centered design process for feedback reports 

 

5.2.3.2 Usability Evaluation: 

Usability evaluation was conducted to assess the effectiveness and usability of the VFQ-9 

reporting intervention prototypes. This involved conducting think-aloud semi-structured 

interviews, where participants were asked to verbalize their thoughts and reactions as they 

interpreted the prototypes. To ensure the prototypes met the users’ needs, iterative rounds of 

evaluations were carried out, allowing for continuous refinement. Feedback from these sessions 

was analyzed to identify usability issues, which informed subsequent modifications to enhance 

the interface and functionality of the prototypes. The study also employed user stories, a 

technique commonly used in agile software development, to capture the nuanced requirements 

and experiences of end-users. User stories are succinct narratives that focus on the user’s 

perspective, detailing their needs and the desired outcomes from interacting with a system.187 To 

create the user stories, we extracted quotes from the interview transcripts and transformed them 

into a structured format: ‘As a [type of user], I want [an action] so that [a benefit/value].’ This 
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process involved carefully analyzing the transcripts to identify key user needs and preferences 

and then rephrasing these insights into concise, actionable narratives. Each user story succinctly 

captured the perspective of the clinicians, detailing their specific requirements and the desired 

outcomes from interacting with the VFQ-9 report system. Alongside thematic analysis of 

interview transcripts, user stories helped provide a qualitative depth to the research, enabling the 

iterative refinement of the prototypes to meet the specific needs and contexts of the healthcare 

providers. 

5.2.4 Data Collection: 

The data collection period spanned from May 2023 to March 2024, during which 

multiple rounds of design sessions and interviews were conducted to gather feedback and refine 

the prototypes. We conducted semi-structured interviews via Zoom using interview guides with 

open-ended questions to capture participants' thoughts and reactions to the VFQ-9 report 

prototypes. All interviews were recorded, and the data were transcribed verbatim. The transcripts 

were then edited for clarity and anonymized to remove any identifying information. Participant 

IDs were assigned to maintain confidentiality and facilitate data management. 

5.2.5 Data Analysis: 

We analyzed the data collected from the think-aloud semi-structured interviews using 

thematic analysis to identify recurring patterns, themes, and insights regarding the usability and 

effectiveness of the VFQ-9 report prototypes. Thematic analysis involves a systematic process of 

coding, categorizing, and interpreting the qualitative data to uncover meaningful themes and 

patterns within the participants' responses. This process allowed for the identification of key 

issues, concerns, and preferences related to the VFQ-9 report prototypes. 
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5.2.6 Ethical considerations: 

The study complied with ethical guidelines and was determined to be exempt by the 

University of Michigan's Institutional Review Board (IRB) (HUM00201862) due to the minimal 

risk involved. 

5.3 Results: 

We developed initial prototypes based on the needs identified from the contextual inquiry 

and our understanding of the users. These prototypes were rough sketches (Figure 14) co-created 

with two providers who actively utilize the VFQ-9 in their clinical practice. Based on provider 

needs and requirements, we made the following changes to the display. 

 
 

 
Figure 14: Initial sketch and low-fidelity prototype 



 73 

The current VFQ-9 report provides a single composite score which providers identified as 

insufficient for a detailed clinical analysis and decision-making.  

Also, the VFQ-9 sub-domain results are represented in an ordinal scale format. While 

informative, providers noted that this is challenging to interpret quickly and effectively during 

consultations. 

Clinicians emphasized the need for visualizations that quickly convey changes in the 

composite score and individual domains. In response, the prototype was updated (Figure 15) to 

display the latest composite scores next to previous ones, with domain score fluctuations marked 

by intuitive upward or downward arrows.  

 
Figure 15: Prototype 1 (Snapshot report) 

 

5.3.1 Usability evaluation: 

We conducted 1:1 usability evaluation session with nine participants using think-aloud 

semi-structured in-person and via Zoom interviews. Each participant was asked to read through 

the VFQ-9 report prototypes and verbalize their thoughts and reactions as they attempted to 

understand and interpret the information presented. This think-aloud method was instrumental in 

capturing insights into the participants' cognitive processes as they interacted with the reports. 

The interviews were recorded and transcribed verbatim, followed by a thematic analysis to distill 

the key insights.  
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Participants expressed the need for an easily interpretable data presentation. One provider 

mentioned, “If you are interested, you can delve into the VFQ-9 data. But for a quick look, [...] 

we want a quick and easily interpretable report here. I should be able to review key data points 

and changes at a glance. This is nice.” 

Providers appreciated having visual aids like up/down arrows and color coding in the 

report, which helped them quickly interpret the data. One provider noted, “I did like the colors 

because I can easily visualize[...] which areas were decreased, which areas were increased. This 

could really speed up my data interpretation.” Another mentioned, "It was easier to quickly 

glance at the colors. The green and the red give an easier, quick interpretation." 

They also highlighted the importance of displaying positive and negative patient score 

trends. "I don't want to be depressed and only see the bad stuff. I also want to see the good stuff 

or the stable things. It's all about stability, like our goal is always stability," mentioned one 

clinician. Furthermore, another clinician highlighted, "So overall score is really nice to have. 

And I like the comparison between the most recent and the previous. I like seeing changes where 

things have improved, not just having the decreased categories." 

Addressing the needs of colorblind users was also a concern raised. "If people are 

colorblind, obviously red and green don't work very well. So having the up/down arrow is also 

important," stated one participant, indicating the need for an inclusive design. 

Participants desired a more streamlined report with less clicking and faster access to 

information. "And it should be on one page. The overall VFQ Score, trend, domain scores, and 

their trends should all be on just one page. The more you can shove on one page, the better [...] 

Every time I click, I have to wait, and the computers don't always work well. [...] You're trying to 

decrease the clicks already. So I think making only one click is better.” shared a provider. 
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Another suggested, "If you click on VFQ Score[heading], I would want to be able to see the 

trends of the subdomains and the total composite score, all in one page." Based on the needs, we 

added created another prototype (Figure 16) 

 
Figure 16: VFQ-9 summary report and trend data 
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Another provider added on the importance of displaying domain-specific scores. “The 

overall score isn’t the most telling factor[...]it’s like asking someone’s height and weight 

combined into one number. For instance, if two people both have a combined height and weight 

of 312, one could be tall and slim, the other short and heavy[...]they’re completely different. 

Similarly, combining all VFQ domain scores into one doesn't accurately reflect distinct aspects 

of a patient's vision[...] it obscures critical details about specific domains. So, I need domain-

specific scores to effectively assess and address different areas of visual impairment." 

Some participants suggested the integration of the VFQ scores into commonly used 

screens to enhance visibility and utility in clinical decision-making. "You know how there's an 

overview of the vision and IOP in other screens as well[...] I would need it [VFQ-9 scores] like 

that, too. It's nice to have the vision and the pressure outside of here [eye exam screen]; it would 

also be nice to have this VFQ-9 on multiple screens to have visibility. We will be able to use it 

better that way," a participant expressed. Another clinician added, “I currently do not look at the 

VFQ-9 scores. But if the scores are moved into a space that I look at more often, it would [..] 

change the way [...] I use this information to inform my clinical decision-making. If it's more in 

the space that I'm used to looking at to make decisions. [...] It's probably better.” 

In response to the requirement, we also created some prototypes with VFQ-9 integrated into 

multiple screens  

From this analysis, we developed user stories (Table 4) that captured the participants' needs and 

preferences.   
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Story As a I want So that 

1 provider VFQ-9 summary data on a single 
page 

I can access all data at once without having to do 
multiple clicks 

2 provider 
the VFQ-9 report to visually 
display both improvements and 
declines 

I can assess the overall stability and changes in 
patient conditions for a balanced understanding. 

3 provider 
changes in the VFQ score to be 
color-coded like green for 
improvement and red for decline 

I can easily distinguish between areas of 
improvement and decline, making data 
interpretation faster. 

4 provider domain-specific VFQ-9 scores 
I can effectively assess and address different areas 
of visual impairment, ensuring targeted and 
precise treatments. 

5 provider a trend for VFQ-9 scores across 
multiple visits 

I can assess the effectiveness of interventions and 
observe long-term changes in the patient’s visual 
function. 

6 provider an easily interpretable VFQ-9 
report 

I can efficiently review key data points and 
changes at a glance, optimizing time during 
consultations. 

7 provider VFQ-9 scores integrated into the 
screens I use most often 

I can effectively correlate the scores with clinical 
data. 

8 provider the report to include up/down 
arrows in addition to color-coding 

providers who are colorblind can also interpret the 
score changes 

Table 4: User stories 

 
These stories were then mapped (Figure 17) to the elements of the final design to ensure 

that all user feedback was effectively incorporated. This approach ensured that the redesigned 

VFQ-9 report prototypes met user requirements for a more intuitive and comprehensible tool.  
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Figure 17: User story mapping with the prototypes. Lines indicate that a prototype satisfies the 
requirement. 

 

5.4 Discussion 

Our study focused on designing an intervention to report and use PROs in clinical 

practice. We found that providers highly valued specific design features aimed at enhancing 

usability. For example, providers preferred visual aids like arrows and color coding to interpret 

changes in patient data quickly. This preference underscores how critical user feedback is in 

shaping design decisions, which in turn improves the practical utility and efficiency of clinical 

consultations. Such insights highlight the significant impact of direct user involvement on the 

overall effectiveness of healthcare technologies. 
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The integration of patient-reported outcomes (PROs) into routine healthcare practices to 

enhance patient-centered care has been emphasized in the current research.188 Studies, such as 

those conducted by Basch et al., have demonstrated that effective use of PROs in routine clinical 

care can lead to improved patient satisfaction and treatment outcomes.167 However, these studies 

also highlight a significant gap in the integration of PRO tools into daily clinical workflows, 

often due to the inaccessibility of PRO data within clinical interfaces.189 Our study addresses this 

gap by showcasing how user-centered design can facilitate the integration of PROs into EHR 

systems, thereby ensuring that these tools are not only accessible but also have the potential to 

enhance user engagement and satisfaction, which are critical for the adoption and effective use of 

PROs in clinical practice. 

While there is a solid foundation for the value of PROs in clinical settings, there remains 

a disconnect between the availability of PRO data and its routine use during clinical decision-

making.190. Despite the availability of sophisticated PRO measures, their adoption is often 

hindered by system design and user interface challenges.46,191 Our study offers recommendations 

(Table 5) for designing EHR-integrated interventions that support the reporting and use of PROs. 

As the clinicians in our study suggested, healthcare providers may potentially make more 

informed and timely decisions by integrating VFQ-9 scores into commonly used interfaces 

within the EHR. This approach has the potential to improve the usability of PRO data and 

enhance the overall quality of patient care. Looking forward, our research suggests a roadmap for 

future EHR system designs that prioritize user-friendliness and accessibility, ensuring that PROs 

become integral components of clinical practice rather than peripheral elements. 

Moreover, the study underscores the importance of tailoring the tool to the specific 

context and user needs, including considerations for colorblind users, which highlights the 
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necessity of inclusive design in digital interventions. By addressing these unique user 

requirements, the redesigned VFQ-9 report aims to enhance usability for all clinicians, thereby 

encouraging broader adoption and more effective utilization. The process of mapping user stories 

to design elements was key to ensuring that all identified needs were met in the final designs.  

Our study has several limitations. The study's focus on a single clinical setting may limit 

the generalizability of our results to other contexts or specialties. Additionally, the enthusiasm 

and specific suggestions of users who are already familiar with the VFQ-9 might not represent 

the broader range of potential end-users. Future studies should examine the application of UCD 

principles across various healthcare settings and with different types of PROs to validate our 

findings and explore their broader implications. Our findings suggest that involving users in the 

design process is not merely beneficial but essential for developing technologies that enhance 

patient care and clinical efficiency. Our study advocates for a paradigm shift towards more 

inclusive and participatory design practices in healthcare IT, aiming to bridge the gap between 

technology development and clinical utility.  
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Intervention Content  

● The intervention should include composite and domain-specific PRO scores to 

provide detailed insights into specific areas of visual function. 

● The PRO scores should be available as a snapshot report for quick viewing of the 

scores 

● The PRO summary score data should be presented on a single page for quick and 

comprehensive review. 

● The PRO scores should be integrated into the EHR screens that clinicians use most 

often to streamline access to patient-reported outcomes. 

Delivery characteristics 

● The PRO report should be integrated into the EHR, enabling clinicians to quickly 

access and act on the data. 

● The report should visually display both improvements and declines in patient-reported 

outcomes. 

● The visualization should implement color-coding for changes in PRO scores, using 

green to indicate improvements and red to indicate declines. 

● The report should show trends for PRO scores across multiple visits to track patient 

progress over time. 

● The report should include up/down arrows in addition to color-coding to clearly 

indicate increases and decreases in PRO scores for quick comprehension. 

Table 5: Summary of design recommendations for provider-facing EHR- integrated intervention 
for PRO reporting in Ophthalmology 

 

5.5 Conclusion: 

This research demonstrates the potential benefits of applying user-centered design 

methodologies to the refinement of clinical reporting tools in ophthalmology. By engaging end-

users in the design process and incorporating their feedback through iterative prototyping and 

evaluation, we developed VFQ-9 report prototypes that significantly improve upon the existing 
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system. These prototypes not only meet the specific needs of clinicians but also have the 

potential to enhance the overall usability and effectiveness of PROs in clinical practice. 

As healthcare continues to evolve towards more patient-centered approaches, the 

integration of enhanced PRO tools like the VFQ-9 into clinical workflows becomes increasingly 

vital. The insights from this study provide a valuable framework for future developments in PRO 

tool integration within ophthalmology. The implications for practice are clear: more intuitive, 

accessible, and comprehensive PRO tools have the potential to transform patient care by 

enabling more informed and patient-centric clinical decision-making. 

Further research should explore the long-term impact of these redesigned tools on clinical 

outcomes and patient satisfaction. Additionally, expanding this approach to other fields of 

medicine could yield significant benefits across the healthcare system, promoting a more holistic 

and nuanced understanding of patient health and treatment outcomes. 
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Chapter 6 Discussion 

This dissertation aimed to advance our knowledge on the application of UCD principles in 

the design of an EHR-integrated provider-facing reporting tool for PROs in ophthalmology. The 

integration of PROs into routine clinical practice faces significant challenges, including systems 

that fail to align with healthcare providers' specific needs, leading to data overload, and disruption 

of workflows.138 This often results in the underutilization of PRO data, despite its potential to 

deepen understanding of patient conditions and improve treatment outcomes.158 

User-centered design offers a solution by aligning the development of the intervention with the 

actual needs, preferences, and daily operations of healthcare providers. This research not only aims 

to design a tailored reporting tool for ophthalmologists but also to establish design 

recommendations for similar tools in the field. By focusing on the end-users, our study offers 

practical and impactful solutions, that have potential to enhance the adoption and effectiveness of 

PROs in ophthalmology and serve as a model for similar initiatives in other medical specialties. 

In Chapter 1 of this dissertation, we established a foundational understanding of PROs,190 

their routine use in clinical practice, and the prevailing challenges associated with their 

integration.192 The review highlighted that while PROs hold significant potential to enhance 

patient-centered care, their implementation often faces barriers such as poor system integration 

and lack of user-friendly interfaces. The literature also explored how digital interventions could 

facilitate the delivery of PROs193 by improving accessibility and interaction, ultimately 

enhancing the efficiency of clinical workflows. Additionally, the review underscored the critical 
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role of user-centered design (UCD) in developing digital interventions. By prioritizing the needs 

and preferences of end-users, UCD emerges as an essential approach for creating interventions 

that are not only effective but also widely adopted in clinical settings.136,183 This synthesis of 

existing knowledge framed the subsequent research questions and methodology, guiding the 

development of a tailored, user-centered PRO reporting tool aimed at addressing the identified 

gaps and enhancing the application of PROs in ophthalmology. 

Utilizing the VFQ-9 as a measure, in Chapter 3, through Research Question 1, we 

explored how vision-related quality of life varies based on demographic factors such as age, 

gender, socioeconomic status, and ethnicity. The results demonstrated significant differences in 

the quality of life based on the demographic factors, aligning with broader healthcare research 

that indicates the impact of demographics on health outcomes. Additionally, we analyzed how 

each of the seven domains within the VFQ-9 such as General Vision, Near Vision, Distance 

Vision, Peripheral Vision, Driving, Mental Health and Role limitation varied across our study 

population and their demographic characteristics. This analysis was critical to determine if 

significant differences existed between the domains, and to determine if there is value in 

displaying these domain-level score changes to clinicians for each patient. When we analyzed 

VFQ-9 data, we found that the average composite score for the total population was 81.2, 

indicating a relatively good vision-related quality of life. However, domain-specific analysis 

revealed significant disparities; the average score for mental health was notably lower at 64.9, 

followed by general vision at 70.2. This variation highlights the critical need for clinicians to 

have access to detailed domain-specific data, which can greatly improve the personalization of 

patient care. This study offers a novel perspective exploring variations in quality-of-life scores 

based on demographic factors within the field of Ophthalmology. This is crucial as it enables 
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clinicians to tailor interventions more effectively by understanding which aspects of vision-

related quality of life are most affected by patient demographics. By providing detailed insights 

into domain-specific responses, this research enriches the existing knowledge base, helping to 

develop personalized care strategies that address the unique needs of diverse patient populations, 

and ultimately improving treatment outcomes. 

In Chapter 4, we conducted a contextual inquiry to understand the workflow, user 

information needs and preferences to use VFQ-9 within routine clinical practice at the eye 

center. Our findings revealed that integrating PROs like the VFQ-9 is feasible and beneficial for 

enhancing communication and decision-making between patients and providers. However, 

significant operational challenges were uncovered, such as low patient engagement with digital 

tools for completing the VFQ-9 questionnaire, inadequate accessibility features within the patient 

portal, and the limited availability of devices to collect the VFQ-9 in clinical settings. These 

significantly hindered the collection of PROs. During semi-structured interviews providers 

emphasized the importance of capturing subjective experiences of vision impairments which is 

not always evident through clinical examination. Yet, they faced significant challenges with 

workflow inefficiencies and EHR system limitations that hindered the effective use of VFQ-9 

scores. Providers stressed the need for quick access to VFQ-9 results and improved visualization 

within the EHR to minimize disruptions and facilitate easier interpretation during patient 

consultations. The importance of continuous training and tailored educational resources was also 

underscored to enhance the understanding and effective use of PRO/VFQ-9 scores. These 

insights are vital for developing refined systems that meet the nuanced needs of both patients and 

healthcare providers, promoting better adoption and usability of PRO tools. 
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In Chapter 5, to answer Research Question 3, we delved into the design and functionality 

of the PRO report integrated within the EHR system, focusing on creating a tool that both aligns 

with clinician needs and support in clinical decision-making. The final design of the PRO 

reporting tool was the result of an extensive, iterative process based on direct feedback from end-

users. This user-centric approach ensured that each iteration of the tool was progressively refined 

to better meet the practical demands of daily clinical use. The interface of the PRO report is 

streamlined to present complex data in a clear, digestible format, reducing cognitive load and 

enabling quick interpretation. By simplifying the presentation of data, the tool can help clinicians 

quickly assess critical patient-reported outcomes in a busy clinical setting where time is limited, 

and data utility is paramount. Further, the design process paid special attention to integrating the 

PRO tool within existing workflows of the EHR system, aiming to ensure that accessing and 

utilizing PRO data does not disrupt the natural flow of patient consultations. The tool features 

intuitive navigation and is embedded within the usual EHR environment, which reduces the 

learning curve and resistance often associated with new technology adoption. To enhance 

usability and effectiveness, the tool also incorporates visual aids such as graphs and color-coded 

arrows, that highlight areas of concern or significant changes in a patient’s health status over 

time. These visual aids are designed based on clinician feedback, which indicated a preference 

for at-a-glance information that could be easily discussed with patients during consultations.  

By thoroughly aligning the PRO reporting tool’s design with user feedback, the tool can not only 

support the effective use of PROs in ophthalmological care but can also contribute to a more 

responsive and efficient healthcare delivery system. 
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6.1 Through Learning Health System Lens: 

Using the Learning Health System (LHS) lens, we identified the elements of LHS within 

this work. As defined by the Institute of Medicine (IOM), an LHS is “a system in which science, 

informatics, incentives, and culture are aligned for continuous improvement and innovation, with 

best practices seamlessly embedded in the care process, patients and families as active 

participants in all elements, and new knowledge is captured as an integral by‐product of the care 

experience”.194 Successful integration of PROs hinges on robust governance, seamless 

integration into clinical workflows, and effective reporting mechanisms. Specifically, the 

generalizable guidelines to adopt an LHS approach to integrating PROs across the healthcare 

organization highlight the importance of defining clear objectives, developing IT strategies, 

establishing formal governance structures, and fostering continuous learning and 

multidisciplinary engagement.195 

By continuously leveraging the existing infrastructure and engaging in iterative learning 

cycles, our study aims to support real-time data analytics, enhance patient care, and foster a 

culture of continuous improvement. This aligns with the core principles of an LHS, where data, 

technology, and clinical practice intersect to generate and apply evidence-based insights in a 

continuous feedback loop.  Our provider-facing intervention exemplifies the practical application 

of the learning cycle (Figure 18), where data is translated into knowledge, knowledge is applied 

in practice, and practice informs further data collection.  
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Figure 18: Through the LHS Lens 

 
Practice to Data (P2D): VFQ-9 PRO data is routinely collected and reported, indicating the 

patients’ experience of their health. This ongoing data collection can help facilitate 

understanding of the impact of interventions and identify areas for further improvement through 

analysis in the following stage of the cycle.  

Data to Knowledge (D2K): We analyzed VFQ-9 PRO data and additional patient data to 

identify variations in the scores, transforming raw data into actionable knowledge.  

Knowledge to Practice (K2P): To integrate the knowledge derived from PRO data into clinical 

practice, we designed a provider-facing digital intervention that presents PRO data to clinicians 

for decision-making. Features like single-page summaries, color-coded score changes, and trend 

visualizations enable clinicians to quickly interpret patient-reported outcomes and make 

informed decisions.  

VRQoL 
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Once these interventions are implemented, new performance data are collected in the 

subsequent P2D phase as the cycle continues. This feedback loop can help promote a culture of 

continuous learning and improvement. We notice that as this study aligns with the core 

principles of LHS, where continuous learning and adaptation drive meaningful improvements in 

healthcare delivery, there is a potential for an eye center to become a learning health system, that 

responds to patient needs and fosters innovation in ophthalmic practice.  

6.2 Future Work 

This dissertation sets a foundation for future work in using PROs in routine clinical 

practice in Ophthalmology. While this study explored how quality of life scores change based on 

demographic factors, further research could expand these analyses to study how these 

demographic factors can predict VFQ scores. This would help to develop predictive models that 

could be integrated into clinical decision-making processes, allowing for more personalized 

patient care. Understanding these predictive relationships could also aid in designing targeted 

interventions that preemptively address potential declines in vision-related quality of life, 

enhancing both preventative care and treatment outcomes. In Chapter 4, we conducted a 

contextual inquiry to understand the workflow challenges and user needs related to a PRO 

reporting tool in routine clinical care. While this involved observations and interviews with 

several key stakeholders, patient perspectives were not included. Future research should seek to 

integrate patient viewpoints to deepen understanding of the challenges they encounter when 

completing the PRO questionnaire. Capturing these insights is crucial for identifying necessary 

improvements in the patient portal, which would support patients to more easily and effectively 

complete the VFQ-9. Additionally, future studies should aim to include a national-level sample 

of clinicians to understand the broader spectrum of information needs and preferences for using 
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PROs in routine clinical practice. This expansion would provide a more comprehensive view of 

the diverse clinical environments across the country, enhancing the generalizability of our 

findings. By gathering insights from a wide range of geographical locations and healthcare 

settings, we can better tailor the PRO reporting tools to meet the varied demands of clinicians 

nationwide, ensuring that the developed solutions are adaptable and effective across different 

contexts. 
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Appendix A: Visual Function Questionnaire 9 

Q1. General vision (6-level) 
At the present time, would you say your eyesight (with glasses or contact lenses, if you wear 
them) is: 1) excellent, 2) good, 3) fair, 4) poor, 5) very poor, or 6) are you completely blind? 
Q2. Well-being/mental health (5-level) 
How much of the time do you worry about your eyesight?  1) None of the time, 2) a little of 
time, 3) some of the time, 4) most of the time, or 5) all of the time. 
Q3. Near vision, reading normal newsprint (6-level)  
How much difficulty do you have reading ordinary print in newspapers?  1)No difficulty at all, 
2) a little difficulty, 3) moderate difficulty, 4) extreme difficulty, 5) stopped doing because of 
your eyesight, or 6) stopped doing this for other reasons or not interested in doing this. 
Q4. Near vision, seeing well up close (6-level) 
How much difficulty do you have doing work or hobbies that require you to see well up close, 
such as cooking, sewing, fixing things around the house, or using hand tools?  1) No difficulty at 
all, 2) a little difficulty, 3) moderate difficulty, 4) extreme difficulty, 5) stopped doing because of 
your eyesight, or 6) stopped doing this for other reasons or not interested in doing this. 
Q5. Distance vision, going downstairs at night (6-level)  
Because of your eyesight, how much difficulty do you have going down steps, stairs, or curbs in 
dim light or at night? 1) No difficulty at all, 2) a little difficulty, 3) moderate difficulty, 4) 
extreme difficulty, 5) stopped doing because of your eyesight, or 6) stopped doing this for other 
reasons or not interested in doing this. 
Q6. Driving (6-level) 
How much difficulty do you have driving during the daytime in familiar places? 1) No difficulty 
at all, 2) a little difficulty, 3) moderate difficulty, 4) extreme difficulty, stopped doing because of 
your eyesight, or 5) stopped doing this for other reasons or not interested in doing this. 
Q7. Role limitation (5-level) 
Are you limited in how long you can walk or do other activities such as housework, childcare, 
school, or community activities because of your vision? 1) All of the time, 2) most of the time, 3) 
some of the time, 4) a little of time, or 5) none of the time. 
Q8. Peripheral vision (6-level) 
Because of your eyesight, how much difficulty do you have noticing objects off to the side while 
you are walking along? 1) No difficulty at all, 2) a little difficulty, 3) moderate difficulty, 4) 
extreme difficulty, 5) stopped doing because of your eyesight, or 6) stopped doing this for other 
reasons or not interested in doing this. 
Q9. Near vision, finding objects on a crowded shelf (6-level) 
Because of your eyesight, how much difficulty do you have finding something on a crowded 
shelf? 1) No difficulty at all, 2) a little difficulty, 3) moderate difficulty, 4) extreme difficulty, 5) 
stopped doing because of your eyesight, or 6) stopped doing this for other reasons or not 
interested in doing this. 
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Appendix B: Table-Themes and Representative Quotes from Provider Interviews  

Table B.1: Themes and representative quotes from provider interviews 

 
Themes Codes Representative Quotes 

Theme 1: VFQ for 
Improved Patient 
Communication and 
Engagement 

VFQ helps in 
understanding 
patient's 
perspectives of 
their vision 

“Some people are just a lot more sensitive to little imperfections in their 
vision compared to other patients. And so I get to know them a little 
better with the VFQ. Just more of their perception of what it's like 
outside of the exam room, like what it's like to live their life with their 
vision.” 

VFQ is short and 
specific 

“[VFQ-9] is one of the more accessible questionnaires because of its 
length. Most people can complete it in three or four minutes. Most 
patients, especially with something like glaucoma, which is the majority 
of my patient population, are deeply concerned with their long-term 
ability to continue doing all of their daily functional activities. And this 
questionnaire gets at those things." 

VFQ helps in 
improving 
conversations 
with patients 

“I see some conditions that don't manifest as clinical signs that I can see 
on examination. And really a lot of that is subjective. So specifically for 
my world, dry eye, a lot of people can have very little clinical signs on 
eye exam, but they can be very symptomatic and very functionally 
impaired. So, the VFQs are really invaluable in capturing the patient's 
subjective experience, allowing us to tailor treatments more effectively 
to their specific needs." 

Theme 2: Challenges 
and Limitations in 
Using VFQ-9 

VFQ increases 
time/ workload 

“The challenge is time. The time it takes for me to look at it. [...] In 
some clinics, the technicians actually take time during the visit to 
answer the question, [...], and record their answers. And nobody likes 
that because it takes technician time, increases workload, and delays 
clinic visits.” 

The current VFQ 
workflow is not 
ideal 

“It's tough because [...] sometimes the patients aren't even finished with 
the questionnaire by the time the technician is done working them up. 
So they're usually finishing the questionnaire while they're waiting to 
see me. [...]. So then it's not available to me in the EHR when I'm 
actually seeing the patient. [...] So it's not available to me unless I go 
through the paper and add up. I don't even know how it works 
everywhere, but the whole workflow should be streamlined”. 
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Themes Codes Representative Quotes 

VFQ not 
completed prior 
to the visit 

“The technicians are administering the [VFQ] questionnaire often. Even 
still, that's [...] three or four minutes, sometimes in a busy clinic, the 
technician will move through 100 patients. So that's literally hundreds 
of minutes of asking these questions. I think if patients could complete 
this prior to their visits, that would be great.” 

Theme 3: Information 
needs for using VFQ-9 

VFQ results 
should be easily 
accessible within 
the EHR 

“I actually have no idea where even to find the results of the VFQ. I 
don't know where to find it in EHR. That's how little we use it. But if it 
was there and readily available, yeah, I’d review it.” 

Need domain-
specific VFQ 
scores 

"It's important to see changes within each VFQ-9 domain so that we can 
tailor our approach to precisely address the areas where patients are 
experiencing difficulties." 

Need time point 
and time series 
data for VFQ 
results 

“It's nice to know what it [VFQ score] is that day, but we can also hit if 
there's a trend button or a graph button where we can trend it over time, 
and I think both of those will be helpful.” 

Need simple and 
quick-to-interpret 
visualization 

“In terms of visualization, the simpler, the better. I need to be able to 
look at it in like 5 seconds and take it in. However, that works." 

Need VFQ results 
closer to Visual 
Acuity scores 

“If I can view the VFQ data [...] side by side with the clinical data [...], 
for example, visual acuity and intraocular pressure are things that just 
pop up right in front of you when I open a patient chart. If this[VFQ 
score] was right there alongside them, I have visual acuity, intraocular 
pressure, and VFQ. Then it went in the face, and I couldn't miss it even 
if I'm moving fast; it would be impossible to miss this.” 

Theme 4: Educational 
Needs for VFQ 
Utilization 

Need more 
education on the 
clinical utility of 
PROs 

"I think tailoring why VFQ is helpful with clinical examples to each 
subspecialty is probably a nice way to go about doing it. [...] Tailoring 
to the specific subspecialty makes the VFQ much more powerful. [...] 
Because I don't know how clinically meaningful a VFQ score is to a 
specific clinical condition. And I think that clinical meaningfulness 
would come from being able to talk about VFQ’s clinical utility to 
clinicians so that they can't ignore it; except now, it is like, go find it!” 

Promoting 
Ongoing 
Dialogue on the 
Clinical Utility of 
VFQs/PROs 
through Internal 
Education 
Platforms 

“We have different seminars like we have a fall seminar, a midwinter 
one, and a spring one. And that is well attended. So maybe there could 
be someone who could talk for 15-20 minutes about VFQ; I feel like 
you could cover it enough to help us understand why we should care 
about it” 

 
 

 



 94 

Bibliography 

 
1. World report on vision. Accessed July 9, 2021. https://www.who.int/publications-detail-

redirect/9789241516570 

2. Burton MJ, Ramke J, Marques AP, et al. The Lancet Global Health Commission on Global 
Eye Health: vision beyond 2020. Lancet Glob Health. 2021;9(4):e489-e551. 

doi:10.1016/S2214-109X(20)30488-5 

3. Impact of Vision Loss. The Fred Hollows Foundation. Accessed July 9, 2021. 
https://www.hollows.org/us/why-sight-matters/impact-of-vision-loss 

4. Causes and Prevalence of Visual Impairment Among Adults in the UnitedStates. Arch 
Ophthalmol. 2004;122(4):477. doi:10.1001/archopht.122.4.477 

5. Congdon NG. Important Causes of Visual Impairment in the World Today. JAMA. 
2003;290(15):2057. doi:10.1001/jama.290.15.2057 

6. Varma R, Vajaranant TS, Burkemper B, et al. Visual Impairment and Blindness in Adults 
in the United States: Demographic and Geographic Variations from 2015 to 2050. JAMA 

Ophthalmol. 2016;134(7):802-809. doi:10.1001/jamaophthalmol.2016.1284 

7. Jones GC, Rovner BW, Crews JE, Danielson ML. Effects of depressive symptoms on 
health behavior practices among older adults with vision loss. Rehabil Psychol. 

2009;54(2):164-172. doi:10.1037/a0015910 

8. Zhang X, Bullard KM, Cotch MF, et al. Association Between Depression and Functional 
Vision Loss in Persons 20 Years of Age or Older in the United States, NHANES 2005–

2008. JAMA Ophthalmol. 2013;131(5):573-581. doi:10.1001/jamaophthalmol.2013.2597 

9. National Academies of Sciences E, Division H and M, Practice B on PH and PH, et al. Eye 
and Vision Health: Recommendations and a Path to Action. National Academies Press 

(US); 2016. Accessed July 11, 2021. https://www.ncbi.nlm.nih.gov/books/NBK402362/ 

10. Stewart M. Towards a global definition of patient centred care. BMJ. 2001;322(7284):444-
445. 

11. Little P, Everitt H, Williamson I, et al. Preferences of patients for patient centred approach 
to consultation in primary care: observational study. BMJ. 2001;322(7284):468. 



 95 

12. Zandbelt LC, Smets EMA, Oort FJ, Godfried MH, de Haes HCJM. Medical Specialists’ 
Patient-Centered Communication and Patient-Reported Outcomes. Med Care. 

2007;45(4):330-339. 

13. Greene SM, Tuzzio L, Cherkin D. A Framework for Making Patient-Centered Care Front 
and Center. Perm J. 2012;16(3):49-53. 

14. NQF: Patient-Reported Outcomes in Performance Measurement. Published online January 
2013. Accessed July 4, 2021. 

https://www.qualityforum.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=72537 

15. Tzeng HM, Pierson JM. Measuring patient engagement: which healthcare engagement 
behaviours are important to patients? J Adv Nurs. 2017;73(7):1604-1609. 

doi:10.1111/jan.13257 

16. Burns KEA, Rizvi L, Charteris A, et al. Characterizing Citizens’ Preferences for 
Engagement in Patient Care and Research in Adult and Pediatric Intensive Care Units. J 

Intensive Care Med. 2020;35(2):170-178. doi:10.1177/0885066617729127 

17. Burns KEA, Misak C, Herridge M, Meade MO, Oczkowski S. Patient and Family 
Engagement in the ICU. Untapped Opportunities and Underrecognized Challenges. Am J 

Respir Crit Care Med. 2018;198(3):310-319. doi:10.1164/rccm.201710-2032CI 

18. How Patient Engagement Drives Better Outcomes. Published May 18, 2021. Accessed June 
13, 2022. https://www.healthcatalyst.com/insights/how-patient-engagement-drives-better-

outcomes/ 

19. Weldring T, Smith SMS. Patient-Reported Outcomes (PROs) and Patient-Reported 
Outcome Measures (PROMs). Health Serv Insights. 2013;6:61-68. 

doi:10.4137/HSI.S11093 

20. Integrating Patient-Reported Outcomes Into Research and Clinical Practice- ClinicalKey. 
Accessed April 27, 2021. https://www-clinicalkey-

com.proxy.lib.umich.edu/#!/content/book/3-s2.0-B9780323448871000134 

21. Kingsley C, Patel S. Patient-reported outcome measures and patient-reported experience 
measures. BJA Educ. 2017;17(4):137-144. doi:10.1093/bjaed/mkw060 

22. Kotronoulas G, Kearney N, Maguire R, et al. What Is the Value of the Routine Use of 
Patient-Reported Outcome Measures Toward Improvement of Patient Outcomes, Processes 
of Care, and Health Service Outcomes in Cancer Care? A Systematic Review of Controlled 

Trials. J Clin Oncol. 2014;32(14):1480-1501. doi:10.1200/JCO.2013.53.5948 

23. Medicare and Medicaid Programs; Electronic Health Record Incentive Program-Stage 3 
and Modifications to Meaningful Use in 2015 Through 2017. Federal Register. Published 

October 16, 2015. Accessed August 11, 2021. 
https://www.federalregister.gov/documents/2015/10/16/2015-25595/medicare-and-

medicaid-programs-electronic-health-record-incentive-program-stage-3-and-modifications 



 96 

24. Grossman LV, Feiner SK, Mitchell EG, Masterson Creber RM. Leveraging Patient-
Reported Outcomes Using Data Visualization. Appl Clin Inform. 2018;9(3):565-575. 

doi:10.1055/s-0038-1667041 

25. Stelmack JA, Tang XC, Reda DJ, et al. Outcomes of the Veterans Affairs Low Vision 
Intervention Trial (LOVIT). Arch Ophthalmol Chic Ill 1960. 2008;126(5):608-617. 

doi:10.1001/archopht.126.5.608 

26. Lamoureux EL, Mcintosh R, Constantinou M, et al. Comparing the effectiveness of 
selective laser trabeculoplasty with topical medication as initial treatment (the Glaucoma 

Initial Treatment Study): study protocol for a randomised controlled trial. Trials. 
2015;16:406. doi:10.1186/s13063-015-0924-6 

27. Gazzard G, Konstantakopoulou E, Garway-Heath D, et al. Laser in Glaucoma and Ocular 
Hypertension (LiGHT) trial. A multicentre, randomised controlled trial: design and 

methodology. Br J Ophthalmol. 2018;102(5):593-598. doi:10.1136/bjophthalmol-2017-
310877 

28. Braithwaite T, Calvert M, Gray A, Pesudovs K, Denniston AK. The use of patient-reported 
outcome research in modern ophthalmology: impact on clinical trials and routine clinical 

practice. Patient Relat Outcome Meas. 2019;10:9-24. doi:10.2147/PROM.S162802 

29. McMullan C, Retzer A, Slade A, et al. Care providers’ and patients’ attitudes toward using 
electronic-patient reported outcomes to support patients with traumatic brain injury: a 

qualitative study (PRiORiTy). Brain Inj. 2020;34(6):723-731. 
doi:10.1080/02699052.2020.1740944 

30. Zhang R, Burgess ER, Reddy MC, et al. Provider perspectives on the integration of patient-
reported outcomes in an electronic health record. JAMIA Open. 2019;2(1):73-80. 

doi:10.1093/jamiaopen/ooz001 

31. Puell MC, Contreras I, Pinilla I, et al. Beyond visual acuity: Patient-relevant assessment 
measures of visual function in retinal diseases. Eur J Ophthalmol. Published online January 

22, 2021:1120672121990624. doi:10.1177/1120672121990624 

32. Sandhu S, King Z, Wong M, et al. Implementation of Electronic Patient-Reported 
Outcomes in Routine Cancer Care at an Academic Center: Identifying Opportunities and 

Challenges. JCO Oncol Pract. 2020;16(11):e1255-e1263. doi:10.1200/OP.20.00357 

33. Cain CH, Neuwirth E, Bellows J, Zuber C, Green J. Patient experiences of transitioning 
from hospital to home: An ethnographic quality improvement project: Patient Experiences 

of Hospital Discharge. J Hosp Med. 2012;7(5):382-387. doi:10.1002/jhm.1918 

34. Dopp AR, Parisi KE, Munson SA, Lyon AR. Integrating implementation and user-centred 
design strategies to enhance the impact of health services: protocol from a concept mapping 

study. Health Res Policy Syst. 2019;17. doi:10.1186/s12961-018-0403-0 



 97 

35. Dawson J, Doll H, Fitzpatrick R, Jenkinson C, Carr AJ. The routine use of patient reported 
outcome measures in healthcare settings. BMJ. 2010;340:c186. doi:10.1136/bmj.c186 

36. PROMs lists | Australian Commission on Safety and Quality in Health Care. Accessed July 
18, 2021. https://www.safetyandquality.gov.au/our-work/indicators-measurement-and-

reporting/patient-reported-outcomes/proms-lists 

37. Mesana L, Dubois  de GC, Syed IA. CP4 PAYER PERSPECTIVES ON PATIENT 
REPORTED OUTCOMES MEASURES FOR REIMBURSEMENT DECISION-MAKING 

IN THE UNITED STATES. Value Health. 2019;22:S37. doi:10.1016/j.jval.2019.04.027 

38. Squitieri L, Bozic KJ, Pusic AL. The Role of Patient-Reported Outcome Measures in 
Value-Based Payment Reform. Value Health J Int Soc Pharmacoeconomics Outcomes Res. 

2017;20(6):834-836. doi:10.1016/j.jval.2017.02.003 

39. Neubert A, Brito Fernandes Ó, Lucevic A, et al. Understanding the use of patient-reported 
data by health care insurers: A scoping review. PLoS ONE. 2020;15(12):e0244546. 

doi:10.1371/journal.pone.0244546 

40. Snyder CF, Aaronson NK, Choucair AK, et al. Implementing patient-reported outcomes 
assessment in clinical practice: a review of the options and considerations. Qual Life Res. 

2012;21(8):1305-1314. 

41. Cella D, Hahn EA, Jensen SE, et al. Types of Patient-Reported Outcomes. RTI Press; 2015. 
Accessed March 4, 2021. https://www.ncbi.nlm.nih.gov/books/NBK424381/ 

42. Siegler M. The Three Ages of Medicine and the Doctor Patient Relationship. :36. 

43. Reynolds A. Patient-centered care. Radiol Technol. 2009;81(2):133-147. 

44. Davidson GH, Haukoos JS, Feldman LS. Practical Guide to Assessment of Patient-
Reported Outcomes. JAMA Surg. 2020;155(5):432. doi:10.1001/jamasurg.2019.4526 

45. Øvretveit J, Zubkoff L, Nelson EC, Frampton S, Knudsen JL, Zimlichman E. Using patient-
reported outcome measurement to improve patient care. Int J Qual Health Care. 

2017;29(6):874-879. doi:10.1093/intqhc/mzx108 

46. Foster A, Croot L, Brazier J, Harris J, O’Cathain A. The facilitators and barriers to 
implementing patient reported outcome measures in organisations delivering health related 

services: a systematic review of reviews. J Patient-Rep Outcomes. 2018;2. 
doi:10.1186/s41687-018-0072-3 

47. Withers K, Palmer R, Lewis S, Carolan-Rees G. First steps in PROMs and PREMs 
collection in Wales as part of the prudent and value-based healthcare agenda. Qual Life Res. 

Published online November 29, 2020. doi:10.1007/s11136-020-02711-2 

48. valuing-our-health.pdf. Accessed July 19, 2021. 
https://gov.wales/sites/default/files/publications/2019-05/valuing-our-health.pdf 



 98 

49. ICHOM | ICHOM Standard Sets | View Our Collection. ICHOM. Accessed July 18, 2021. 
https://www.ichom.org/standard-sets/ 

50. PROMIS. Accessed July 18, 2021. https://www.healthmeasures.net/explore-measurement-
systems/promis 

51. Patient-Reported Indicator Surveys (PaRIS) - OECD. Accessed July 18, 2021. 
https://www.oecd.org/health/paris/ 

52. EASIPRO_PressRelease_102016.pdf. Accessed July 26, 2021. 
http://www.healthmeasures.net/images/applications/EASIPRO_PressRelease_102016.pdf 

53. Jensen RE, Snyder CF, Abernethy AP, et al. Review of Electronic Patient-Reported 
Outcomes Systems Used in Cancer Clinical Care. J Oncol Pract. 2014;10(4):e215-e222. 

doi:10.1200/JOP.2013.001067 

54. Sheridan S, Schrandt S, Forsythe L, Hilliard TS, Paez KA. The PCORI Engagement 
Rubric: Promising Practices for Partnering in Research. Ann Fam Med. 2017;15(2):165-

170. doi:10.1370/afm.2042 

55. PCORI-Authorizing-Legislation.pdf. Accessed August 1, 2021. 
https://www.pcori.org/sites/default/files/PCORI-Authorizing-Legislation.pdf 

56. Massof RW, Rubin GS. Visual function assessment questionnaires. Surv Ophthalmol. 
2001;45(6):531-548. doi:10.1016/s0039-6257(01)00194-1 

57. Robertson AO, Tadić V, Rahi JS. Attitudes, experiences, and preferences of ophthalmic 
professionals regarding routine use of patient-reported outcome measures in clinical 

practice. PLoS ONE. 2020;15(12). doi:10.1371/journal.pone.0243563 

58. Lundström M, Stenevi U. Analyzing Patient-Reported Outcomes to Improve Cataract Care. 
Optom Vis Sci. 2013;90(8):754-759. doi:10.1097/OPX.0b013e3182956c32 

59. Patient-Centered Outcome Measures to Assess Functioning in Randomized Controlled 
Trials of Low-Vision Rehabilitation: A Review | SpringerLink. Accessed July 27, 2021. 

https://link.springer.com/article/10.1007/s40271-016-0189-5 

60. IndianJOphthalmol_2018_66_3_416_226116_sm6.pdf. Accessed July 12, 2021. 
https://www.ijo.in/articles/2018/66/3/images/IndianJOphthalmol_2018_66_3_416_226116_

sm6.pdf 

61. Misajon R, Hawthorne G, Richardson J, et al. Vision and Quality of Life: The Development 
of a Utility Measure. Invest Ophthalmol Vis Sci. 2005;46(11):4007-4015. 

doi:10.1167/iovs.04-1389 

62. Gothwal VK, Wright TA, Lamoureux EL, Khadka J, McAlinden C, Pesudovs K. 
Improvements in visual ability with first-eye, second-eye, and bilateral cataract surgery 



 99 

measured with the Visual Symptoms and Quality of Life Questionnaire. J Cataract Refract 
Surg. 2011;37(7):1208-1216. doi:10.1016/j.jcrs.2011.01.028 

63. Rabin R, Charro F de. EQ-SD: a measure of health status from the EuroQol Group. Ann 
Med. 2001;33(5):337-343. doi:10.3109/07853890109002087 

64. Colin J, El Kebir S, Eydoux E, Hoang-Xuan T, Rozot P, Weiser M. Assessment of patient 
satisfaction with outcomes of and ophthalmic care for cataract surgery. J Cataract Refract 

Surg. 2010;36(8):1373-1379. doi:10.1016/j.jcrs.2010.02.015 

65. Vandenbroeck S, De Geest S, Zeyen T, Stalmans I, Dobbels F. Patient-reported outcomes 
(PRO’s) in glaucoma: a systematic review. Eye. 2011;25(5):555-577. 

doi:10.1038/eye.2011.45 

66. Janic A, Bowden S, Levy S, Stinson J, Dimaras H. Patient-reported outcome measures for 
retinoblastoma: a scoping review. J Patient-Rep Outcomes. 2020;4:66. doi:10.1186/s41687-

020-00232-7 

67. Lee J, Lee J, Park K, Cho W, Kim JY, Kang HY. Assessing the value of laser in situ 
keratomileusis by patient-reported outcomes using quality of life assessment. J Refract Surg 

Thorofare NJ 1995. 2005;21(1):59-71. 

68. Braithwaite T, Wiegerinck N, Petzold A, Denniston A. Vision Loss from Atypical Optic 
Neuritis: Patient and Physician Perspectives. Ophthalmol Ther. 2020;9(2):215-220. 

doi:10.1007/s40123-020-00247-9 

69. Kandel H, Khadka J, Goggin M, Pesudovs K. Patient-reported Outcomes for Assessment of 
Quality of Life in Refractive Error: A Systematic Review. Optom Vis Sci. 

2017;94(12):1102-1119. doi:10.1097/OPX.0000000000001143 

70. Tadić V, Hogan A, Sobti N, Knowles RL, Rahi JS. Patient-reported outcome measures 
(PROMs) in paediatric ophthalmology: a systematic review. Br J Ophthalmol. 

2013;97(11):1369-1381. doi:10.1136/bjophthalmol-2013-303350 

71. Jelin E, Wisløff T, Jørstad ØK, Heiberg T, Moe MC. Patient-reported outcome measures in 
the management of neovascular age-related macular degeneration: a 1-year prospective 
study. BMJ Open Ophthalmol. 2019;4(1):e000353. doi:10.1136/bmjophth-2019-000353 

72. Mahdaviazad H, Bamdad S, Roustaei N, Mohaghegh S. Vision-Related Quality of Life in 
Iranian Patients With Keratoconus: National Eye Institute Vision Function Questionnaire-
25. Eye Contact Lens. 2018;44 Suppl 2:S350-S354. doi:10.1097/ICL.0000000000000492 

73. Quaranta L, Riva I, Gerardi C, Oddone F, Floriano I, Konstas AGP. Quality of Life in 
Glaucoma: A Review of the Literature. Adv Ther. 2016;33(6):959-981. 

doi:10.1007/s12325-016-0333-6 

74. Muehlhausen W, Doll H, Quadri N, et al. Equivalence of electronic and paper 
administration of patient-reported outcome measures: a systematic review and meta-



 100 

analysis of studies conducted between 2007 and 2013. Health Qual Life Outcomes. 
2015;13:167. doi:10.1186/s12955-015-0362-x 

75. Somner JEA, Sii F, Bourne RR, Cross V, Burr JM, Shah P. Moving from PROMs to 
POEMs for Glaucoma Care: A Qualitative Scoping Exercise. Invest Ophthalmol Vis Sci. 

2012;53(9):5940-5947. doi:10.1167/iovs.12-10223 

76. Robertson AO, Tadić V, Cortina-Borja M, Rahi J. Feasibility of using patient-reported 
outcome measures with visually impaired children/young people attending paediatric 

ophthalmology clinics. Arch Dis Child. 2021;106(7):687-692. doi:10.1136/archdischild-
2020-318991 

77. Wolffsohn JS, Cochrane AL, Watt NA. Implementation methods for vision related quality 
of life questionnaires. Br J Ophthalmol. 2000;84(9):1035-1040. doi:10.1136/bjo.84.9.1035 

78. Patient-reported Outcomes for Assessment of Quality of Life in Refractive Error: A 
Systematic Review. Accessed July 20, 2021. https://oce-ovid-

com.proxy.lib.umich.edu/article/00006324-201712000-00006/HTML 

79. Khadka J, Chen G, Ratcliffe J. Exploring the Potential for Item Banking in Assessing 
Quality of Life for Evaluating Adolescent Health Interventions. In Review; 2020. 

doi:10.21203/rs.3.rs-50156/v1 

80. Item banks for measurement of refractive error‐specific quality of life. 
doi:10.1111/opo.12792 

81. Item Banking: A Generational Change in Patient-Reported Outcome Measurement. 
Accessed August 12, 2021. https://oce-ovid-com.proxy.lib.umich.edu/article/00006324-

201004000-00010/PDF 

82. J Ball M. The History of Medical Informatics in the United States. Springer Berlin 
Heidelberg; 2015. 

83. Nguyen H, Butow P, Dhillon H, Sundaresan P. A review of the barriers to using Patient-
Reported Outcomes (PROs) and Patient-Reported Outcome Measures (PROMs) in routine 

cancer care. J Med Radiat Sci. n/a(n/a). doi:https://doi.org/10.1002/jmrs.421 

84. Hughes R, Aspinal F, Addington-Hall JM, Dunckley M, Faull C, Higginson I. It just didn’t 
work: the realities of quality assessment in the English health care context. Int J Nurs Stud. 

2004;41(7):705-712. doi:10.1016/j.ijnurstu.2004.02.005 

85. Basch E, Artz D, Dulko D, et al. Patient Online Self-Reporting of Toxicity Symptoms 
During Chemotherapy. J Clin Oncol. 2005;23(15):3552-3561. 

doi:10.1200/JCO.2005.04.275 

86. Trautmann F, Hentschel L, Hornemann B, et al. Electronic real-time assessment of patient-
reported outcomes in routine care—first findings and experiences from the implementation 



 101 

in a comprehensive cancer center. Support Care Cancer. Published online February 18, 
2016. doi:10.1007/s00520-016-3127-0 

87. Duman-Lubberding S, Van Uden-Kraan CF, Jansen F, et al. Durable usage of patient-
reported outcome measures in clinical practice to monitor health-related quality of life in 

head and neck cancer patients. Support Care Cancer. 2017;25(12):3775-3783. 
doi:10.1007/s00520-017-3808-3 

88. Snyder CF, Jensen RE, Geller G, Carducci MA, Wu AW. Relevant content for a patient-
reported outcomes questionnaire for use in oncology clinical practice: Putting doctors and 

patients on the same page. Qual Life Res. 2010;19(7):1045-1055. doi:10.1007/s11136-010-
9655-z 

89. Blackford AL, Wu AW, Snyder C. Interpreting and Acting on PRO Results in Clinical 
Practice: Lessons Learned From the PatientViewpoint System and Beyond. Med Care. 

2019;57(Suppl 1):S46-S51. doi:10.1097/MLR.0000000000001086 

90. Girgis A, Durcinoska I, Levesque JV, et al. eHealth System for Collecting and Utilizing 
Patient Reported Outcome Measures for Personalized Treatment and Care (PROMPT-Care) 

Among Cancer Patients: Mixed Methods Approach to Evaluate Feasibility and 
Acceptability. J Med Internet Res. 2017;19(10):e330. doi:10.2196/jmir.8360 

91. LeBlanc TW, Abernethy AP. Patient-reported outcomes in cancer care — hearing the 
patient voice at greater volume. Nat Rev Clin Oncol. 2017;14(12):763-772. 

doi:10.1038/nrclinonc.2017.153 

92. Smith KC, Brundage MD, Tolbert E, et al. Engaging stakeholders to improve presentation 
of patient-reported outcomes data in clinical practice. Support Care Cancer. 

2016;24(10):4149-4157. doi:10.1007/s00520-016-3240-0 

93. Horan MR, Sim J ah, Krull KR, et al. Ten Considerations for Integrating Patient-Reported 
Outcomes into Clinical Care for Childhood Cancer Survivors. Cancers. 2023;15(4):1024. 

doi:10.3390/cancers15041024 

94. Van Der Wees PJ, Nijhuis‐Van Der Sanden MWG, Ayanian JZ, Black N, Westert GP, 
Schneider EC. Integrating the Use of Patient‐Reported Outcomes for Both Clinical Practice 

and Performance Measurement: Views of Experts from 3 Countries. Milbank Q. 
2014;92(4):754-775. doi:10.1111/1468-0009.12091 

95. The use of information technologies for diagnosis in ophthalmology - Alvydas Paunksnis, 
Valerijus Barzdziukas, Darius Jegelevicius, Skaidra Kurapkiene, Gintautas Dzemyda, 2006. 

Accessed July 16, 2021. https://journals-sagepub-
com.proxy.lib.umich.edu/doi/abs/10.1258/135763306777978443 

96. Technology driving advances in ophthalmology. Australian Journal of General Practice. 
Accessed July 16, 2021. https://www1.racgp.org.au/ajgp/2019/august/technology-driving-

advances-in-ophthalmology 



 102 

97. Global Coalition on Aging (GCOA) - The World’s Leading Business Voice on Aging. 
Global Coalition On Aging. Accessed July 16, 2021. https://globalcoalitiononaging.com/ 

98. Making 2021 a Turning Point for Vision Health & Aging. The International Agency for the 
Prevention of Blindness. Accessed July 16, 2021. https://www.iapb.org/blog/making-2021-

a-turning-point-for-vision-health-aging/ 

99. World Health Organization, ed. Telemedicine: Opportunities and Developments in Member 
States: Report on the Second Global Survey on eHealth. World Health Organization; 2010. 

100. Prasad S, Nagpal M, Sharma O, Nagpal P. The impact of information technology on the 
practice of ophthalmology. Indian J Ophthalmol. 2000;48(3). Accessed July 16, 2021. 

http://link.gale.com/apps/doc/A144703845/HRCA?sid=summon&xid=159948ca 

101. Nuzzi R, Bovone D, Maradei F, Caselgrandi P, Rossi A. Teleophthalmology Service: 
Organization, Management, Actual Current Applications, and Future Prospects. Int J 

Telemed Appl. 2021;2021:8876957. doi:10.1155/2021/8876957 

102. Lu W, Tong Y, Yu Y, Xing Y, Chen C, Shen Y. Applications of Artificial Intelligence in 
Ophthalmology: General Overview. J Ophthalmol. 2018;2018. Accessed July 17, 2021. 

http://link.gale.com/apps/doc/A590651049/HRCA?sid=summon&xid=a53125d7 

103. Ting DSW, Pasquale LR, Peng L, et al. Artificial intelligence and deep learning in 
ophthalmology. Br J Ophthalmol. 2019;103(2):167-175. doi:10.1136/bjophthalmol-2018-

313173 

104. Gulshan V, Peng L, Coram M, et al. Development and Validation of a Deep Learning 
Algorithm for Detection of Diabetic Retinopathy in Retinal Fundus Photographs. JAMA. 

2016;316(22):2402. doi:10.1001/jama.2016.17216 

105. Tangelder GJM, Reus NJ, Lemij HG. Estimating the clinical usefulness of optic disc 
biometry for detecting glaucomatous change over time. Eye. 2006;20(7):755-763. 

doi:10.1038/sj.eye.6701993 

106. Chakravarthy U, Goldenberg D, Young G, et al. Automated Identification of Lesion 
Activity in Neovascular Age-Related Macular Degeneration. Ophthalmology. 

2016;123(8):1731-1736. doi:10.1016/j.ophtha.2016.04.005 

107. Bogunovic H, Waldstein SM, Schlegl T, et al. Prediction of Anti-VEGF Treatment 
Requirements in Neovascular AMD Using a Machine Learning Approach. Investig 

Opthalmology Vis Sci. 2017;58(7):3240. doi:10.1167/iovs.16-21053 

108. Nagino K, Okumura Y, Akasaki Y, et al. Smartphone App–Based and Paper-Based Patient-
Reported Outcomes Using a Disease-Specific Questionnaire for Dry Eye Disease: 
Randomized Crossover Equivalence Study. J Med Internet Res. 2023;25:e42638. 

doi:10.2196/42638 



 103 

109. Valderas JM, Kotzeva A, Espallargues M, et al. The Impact of Measuring Patient-Reported 
Outcomes in Clinical Practice: A Systematic Review of the Literature. Qual Life Res. 

2008;17(2):179-193. 

110. What is the HITECH Act. HIPAA Journal. Accessed August 1, 2021. 
https://www.hipaajournal.com/what-is-the-hitech-act/ 

111. Meaningful use of Health IT improve quality safety efficiency Outcomes. Health IT Buzz. 
Published January 9, 2014. Accessed July 16, 2021. https://www.healthit.gov/buzz-

blog/electronic-health-and-medical-records/meaningful-use-healthit-improves-quality-
safety-efficiency-outcomes 

112. Ting DSW, Carin L, Dzau V, Wong TY. Digital technology and COVID-19. Nat Med. 
Published online March 27, 2020:1-3. doi:10.1038/s41591-020-0824-5 

113. Cucinotta D, Vanelli M. WHO Declares COVID-19 a Pandemic. Acta Bio Medica Atenei 
Parm. 2020;91(1):157-160. doi:10.23750/abm.v91i1.9397 

114. Alkhaldi G, Hamilton FL, Lau R, Webster R, Michie S, Murray E. The Effectiveness of 
Technology-Based Strategies to Promote Engagement With Digital Interventions: A 

Systematic Review Protocol. JMIR Res Protoc. 2015;4(2):e3990. doi:10.2196/resprot.3990 

115. Feldman SS, Buchalter S, Hayes LW. Health Information Technology in Healthcare 
Quality and Patient Safety: Literature Review. JMIR Med Inform. 2018;6(2):e10264. 

doi:10.2196/10264 

116. World Health Organization. WHO Guideline.; 2019. Accessed July 14, 2021. 
http://www.ncbi.nlm.nih.gov/books/NBK541902/ 

117. Introduction. World Health Organization; 2019. Accessed June 8, 2022. 
https://www.ncbi.nlm.nih.gov/books/NBK541905/ 

118. Perri-Moore S, Kapsandoy S, Doyon K, et al. Automated Alerts and Reminders Targeting 
Patients: A Review of the Literature. Patient Educ Couns. 2016;99(6):953-959. 

doi:10.1016/j.pec.2015.12.010 

119. Murray E, Burns J, See Tai S, Lai R, Nazareth I. Interactive Health Communication 
Applications for people with chronic disease. Cochrane Consumers and Communication 

Group, ed. Cochrane Database Syst Rev. Published online October 19, 2005. 
doi:10.1002/14651858.CD004274.pub4 

120. Health Information Technology Integration. Accessed July 14, 2021. 
http://www.ahrq.gov/ncepcr/tools/health-it/index.html 

121. health-information-technology-fact-sheet.pdf. Accessed July 14, 2021. 
https://www.healthit.gov/sites/default/files/pdf/health-information-technology-fact-

sheet.pdf 



 104 

122. Chen J, Ou L, Hollis SJ. A systematic review of the impact of routine collection of patient 
reported outcome measures on patients, providers and health organisations in an oncologic 

setting. BMC Health Serv Res. 2013;13(1):211. doi:10.1186/1472-6963-13-211 

123. Basch E, Deal AM, Kris MG, et al. Symptom Monitoring With Patient-Reported Outcomes 
During Routine Cancer Treatment: A Randomized Controlled Trial. J Clin Oncol. 

2016;34(6):557-565. doi:10.1200/JCO.2015.63.0830 

124. Michie S, West R, Finnerty AN, et al. Representation of behaviour change interventions 
and their evaluation: Development of the Upper Level of the Behaviour Change 

Intervention Ontology. Published online January 6, 2021. 
doi:10.12688/wellcomeopenres.15902.2 

125. Subramanyam R, Weisstein FL, Krishnan MS. User participation in software development 
projects. Commun ACM. 2010;53(3):137-141. doi:10.1145/1666420.1666455 

126. Lanter D, Essinger R. User-Centered Design. In: Richardson D, Castree N, Goodchild MF, 
Kobayashi A, Liu W, Marston RA, eds. International Encyclopedia of Geography: People, 

the Earth, Environment and Technology. John Wiley & Sons, Ltd; 2017:1-4. 
doi:10.1002/9781118786352.wbieg0432 

127. Ghazali M, Mat Ariffin NA, Omar R. User centered design practices in healthcare: A 
systematic review. In: ; 2014:91-96. doi:10.1109/IUSER.2014.7002683 

128. Part Two: Design of Physician Feedback Reporting Systems | Agency for Healthcare 
Research and Quality. Accessed July 25, 2021. https://www.ahrq.gov/ncepcr/tools/confid-

report/system-design.html 

129. Donetto S, Pierri P, Tsianakas V, Robert G. Experience-based Co-design and Healthcare 
Improvement: Realizing Participatory Design in the Public Sector. Des J. 2015;18(2):227-

248. doi:10.2752/175630615X14212498964312 

130. Landis-Lewis Z, Kononowech J, Scott WJ, et al. Designing clinical practice feedback 
reports: three steps illustrated in Veterans Health Affairs long-term care facilities and 

programs. Implement Sci IS. 2020;15:7. doi:10.1186/s13012-019-0950-y 

131. ISO/TS 20282-2:2013(en), Usability of consumer products and products for public use — 
Part 2: Summative test method. Accessed July 25, 2021. 

https://www.iso.org/obp/ui/#iso:std:iso:ts:20282:-2:ed-2:v1:en 

132. Witteman H, Chipenda-Dansokho S, Colquhoun H, et al. User-centered design and the 
development of patient decision aids: Protocol for a systematic review. Syst Rev. 2015;4:11. 

doi:10.1186/2046-4053-4-11 

133. Pitariu HD, Andrei DM, Guran AM. Social Research Methods Used in Moving the 
Traditional Usability Approach Towards a User-Centered Design Approach: Int J Inf 

Technol Web Eng. 2009;4(4):36-53. doi:10.4018/jitwe.2009100103 



 105 

134. ISO 9241-11:2018(en), Ergonomics of human-system interaction — Part 11: Usability: 
Definitions and concepts. Accessed July 30, 2021. 

https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-2:v1:en 

135. Gracey LE, Zan S, Gracz J, et al. Use of user-centered design to create a smartphone 
application for patient-reported outcomes in atopic dermatitis. NPJ Digit Med. 2018;1:33. 

doi:10.1038/s41746-018-0042-4 

136. Izard J, Hartzler A, Avery DI, Shih C, Dalkin BL, Gore JL. User-centered design of quality 
of life reports for clinical care of patients with prostate cancer. Surgery. 2014;155(5):789-

796. doi:10.1016/j.surg.2013.12.007 

137. Giguere AMC, Lawani MA, Fortier-Brochu É, et al. Tailoring and evaluating an 
intervention to improve shared decision-making among seniors with dementia, their 

caregivers, and healthcare providers: study protocol for a randomized controlled trial. 
Trials. 2018;19:332. doi:10.1186/s13063-018-2697-1 

138. Austin E, LeRouge C, Hartzler AL, Chung AE, Segal C, Lavallee DC. Opportunities and 
challenges to advance the use of electronic patient-reported outcomes in clinical care: a 

report from AMIA workshop proceedings. JAMIA Open. 2019;2(4):407-410. 
doi:10.1093/jamiaopen/ooz042 

139. Gray CS, Khan AI, Kuluski K, et al. Improving Patient Experience and Primary Care 
Quality for Patients With Complex Chronic Disease Using the Electronic Patient-Reported 

Outcomes Tool: Adopting Qualitative Methods Into a User-Centered Design Approach. 
JMIR Res Protoc. 2016;5(1):e5204. doi:10.2196/resprot.5204 

140. Gensheimer SG, Wu AW, Snyder CF. Oh, the Places We’ll Go: Patient-Reported Outcomes 
and Electronic Health Records. Patient - Patient-Centered Outcomes Res. 2018;11(6):591-

598. doi:10.1007/s40271-018-0321-9 

141. Blondon K, Ehrler F. Integrating Patient-Generated Health Data in an Electronic Medical 
Record: Stakeholders’ Perspectives. Integr Citiz Centered Digit Health Soc Care. Published 

online 2020:12-16. doi:10.3233/SHTI200685 

142. Backonja U, Haynes SC, Kim KK. Data Visualizations to Support Health Practitioners’ 
Provision of Personalized Care for Patients With Cancer and Multiple Chronic Conditions: 
User-Centered Design Study. JMIR Hum Factors. 2018;5(4):e11826. doi:10.2196/11826 

143. Korpershoek YJG, Hermsen S, Schoonhoven L, Schuurmans MJ, Trappenburg JCA. User-
Centered Design of a Mobile Health Intervention to Enhance Exacerbation-Related Self-
Management in Patients With Chronic Obstructive Pulmonary Disease (Copilot): Mixed 

Methods Study. J Med Internet Res. 2020;22(6):e15449. doi:10.2196/15449 

144. Ankolekar A, Vanneste BGL, Bloemen-van Gurp E, et al. Development and validation of a 
patient decision aid for prostate Cancer therapy: from paternalistic towards participative 

shared decision making. BMC Med Inform Decis Mak. 2019;19(1):130. 
doi:10.1186/s12911-019-0862-4 



 106 

145. Killeen O, MacKenzie C, Heisler M, Resnicow K, Lee PP, Newman-Casey PA. User-
Centered Design of the eyeGuide, a Tailored Glaucoma Behavior Change Program. J 

Glaucoma. 2016;25(10):815. doi:10.1097/IJG.0000000000000431 

146. Tashakkori A, Teddlie C. SAGE Handbook of Mixed Methods in Social & Behavioral 
Research. 2nd ed.; 2022. doi:10.4135/9781506335193 

147. Turato ER. Qualitative and quantitative methods in health: definitions, differences and 
research subjects. Rev Saúde Pública. 2005;39:507-514. doi:10.1590/S0034-

89102005000300025 

148. Tenny S, Brannan GD, Brannan JM, Sharts-Hopko NC. Qualitative Study. In: StatPearls. 
StatPearls Publishing; 2022. Accessed April 8, 2022. 

http://www.ncbi.nlm.nih.gov/books/NBK470395/ 

149. Clarke AM, Jack B. The benefits of using qualitative research. Prof Nurse Lond Engl. 
1998;13(12):845-847. 

150. Babbie ER. The Practice of Social Research.; 2021. Accessed April 18, 2022. 
https://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&A

N=2638432 

151. Tavakol M, Sandars J. Quantitative and qualitative methods in medical education research: 
AMEE Guide No 90: Part II. Med Teach. 2014;36(10):838-848. 

doi:10.3109/0142159X.2014.915297 

152. Johnson R, Onwuegbuzie A, Turner L. Toward a Definition of Mixed Methods Research. 
Journal of Mixed Methods Research, 1, 112-133. J Mix Methods Res. 2007;1:112-133. 

doi:10.1177/1558689806298224 

153. Kodjebacheva G, Coleman AL, Ensrud KE, et al. Reliability and Validity of Abbreviated 
Surveys Derived from the National Eye Institute Visual Function Questionnaire: The Study 

of Osteoporotic Fractures. Am J Ophthalmol. 2010;149(2):330-340. 
doi:10.1016/j.ajo.2009.09.008 

154. Brandon. Distressed Communities Index. Economic Innovation Group. Accessed May 27, 
2024. https://eig.org/distressed-communities/ 

155. Chia EM, Wang JJ, Rochtchina E, Smith W, Cumming RR, Mitchell P. Impact of bilateral 
visual impairment on health-related quality of life: the Blue Mountains Eye Study. Invest 

Ophthalmol Vis Sci. 2004;45(1):71-76. doi:10.1167/iovs.03-0661 

156. Elliott DB, Pesudovs K, Mallinson T. Vision-Related Quality of Life. Optom Vis Sci. 
2007;84(8):656. doi:10.1097/OPX.0b013e31814db01e 

157. Zheng Y, He M, Congdon N. The worldwide epidemic of diabetic retinopathy. Indian J 
Ophthalmol. 2012;60(5):428-431. doi:10.4103/0301-4738.100542 



 107 

158. Ethan B. Patient-Reported Outcomes — Harnessing Patients’ Voices to Improve Clinical 
Care. N Engl J Med. 2017;376(2):105-108. 

doi:http://dx.doi.org.proxy.lib.umich.edu/10.1056/NEJMp1611252 

159. Briceño CA, Fuller ML, Bradley EA, Nelson CC. Assessment of the Abbreviated National 
Eye Institute Visual Function Questionnaire (NEI VFQ 9) in blepharoptosis and 

dermatochalasis. Arq Bras Oftalmol. 2016;79(4):226-228. doi:10.5935/0004-
2749.20160065 

160. Rausch-Koster PT, Rennert KN, Heymans MW, Verbraak FD, van Rens GHMB, van 
Nispen RMA. Predictors of vision-related quality of life in patients with macular oedema 

receiving intra-vitreal anti-VEGF treatment. Ophthalmic Physiol Opt J Br Coll Ophthalmic 
Opt Optom. 2022;42(4):849-857. doi:10.1111/opo.12984 

161. Netuveli G, Wiggins RD, Hildon Z, Montgomery SM, Blane D. Quality of life at older 
ages: evidence from the English longitudinal study of aging (wave 1). J Epidemiol 

Community Health. 2006;60(4):357-363. doi:10.1136/jech.2005.040071 

162. Kuo YS, Liu CJL, Cheng HC, Chen MJ, Chen WT, Ko YC. Impact of socioeconomic status 
on vision-related quality of life in primary open-angle glaucoma. Eye. 2017;31(10):1480-

1487. doi:10.1038/eye.2017.99 

163. National Academies of Sciences E, Division H and M, Practice B on PH and PH, et al. The 
Impact of Vision Loss. National Academies Press (US); 2016. Accessed July 9, 2021. 

https://www.ncbi.nlm.nih.gov/books/NBK402367/ 

164. Ferris FL, Kassoff A, Bresnick GH, Bailey I. New visual acuity charts for clinical research. 
Am J Ophthalmol. 1982;94(1):91-96. 

165. Lamoureux E, Pesudovs K. Vision-Specific Quality-of-Life Research: A Need to Improve 
the Quality. Am J Ophthalmol. 2011;151(2):195-197.e2. doi:10.1016/j.ajo.2010.09.020 

166. Tuohy MM, Niziol LM, I. Mian S, Ballouz D, Bosch D, Woodward MA. Patient Reported 
Outcomes in Microbial Keratitis. Cornea. 2021;40(1):19-25. 

doi:10.1097/ICO.0000000000002362 

167. Bennett AV, Jensen RE, Basch E. Electronic patient‐reported outcome systems in oncology 
clinical practice. CA Cancer J Clin. 2012;62(5):336-347. doi:10.3322/caac.21150 

168. Harle CA, Listhaus A, Covarrubias CM, et al. Overcoming barriers to implementing 
patient-reported outcomes in an electronic health record: a case report. J Am Med Inform 

Assoc. 2016;23(1):74-79. doi:10.1093/jamia/ocv085 

169. Jensen RE, Rothrock NE, DeWitt EM, et al. The Role of Technical Advances in the 
Adoption and Integration of Patient-reported Outcomes in Clinical Care. Med Care. 

2015;53(2):153-159. doi:10.1097/MLR.0000000000000289 



 108 

170. Hubbard JM, Grothey AF, McWilliams RR, Buckner JC, Sloan JA. Physician Perspective 
on Incorporation of Oncology Patient Quality-of-Life, Fatigue, and Pain Assessment Into 

Clinical Practice. J Oncol Pract. 2014;10(4):248-253. doi:10.1200/JOP.2013.001276 

171. Schepers SA, Haverman L, Zadeh S, Grootenhuis MA, Wiener L. Healthcare Professionals’ 
Preferences and Perceived Barriers for Routine Assessment of Patient‐Reported Outcomes 
in Pediatric Oncology Practice: Moving Toward International Processes of Change. Pediatr 

Blood Cancer. 2016;63(12):2181-2188. doi:10.1002/pbc.26135 

172. Beyer H, Holtzblatt K. Contextual Design: Defining Customer-Centered Systems. Morgan 
Kaufmann; 1998. 

173. Coble JM, Maffitt JS, Orland MJ, Kahn MG. Contextual inquiry: discovering physicians’ 
true needs. Proc Symp Comput Appl Med Care. Published online 1995:469-473. 

174. https://fyra.io. NEI VFQ-25 Useful Tool for Determining Patients’ Vision-Related 
Function. Retina Today. Accessed April 12, 2024. https://retinatoday.com/articles/2007-

nov/1107_07-php 

175. Moreno MN, Morales Fernández L, Ruiz Medrano M, et al. Quality of life and visual 
function in children with glaucoma in Spain. Arch Soc Espanola Oftalmol. 2019;94(3):119-

124. doi:10.1016/j.oftal.2018.09.001 

176. Sanger PC, Hartzler A, Lordon RJ, et al. A patient-centered system in a provider-centered 
world: challenges of incorporating post-discharge wound data into practice. J Am Med 

Inform Assoc. 2016;23(3):514-525. doi:10.1093/jamia/ocv183 

177. Stewart M, Brown JB, Donner A, et al. The impact of patient-centered care on outcomes. J 
Fam Pract. 2000;49(9):796-804. 

178. Dean S, Mathers JM, Calvert M, et al. “The patient is speaking”: discovering the patient 
voice in ophthalmology. Br J Ophthalmol. 2017;101(6):700-708. 

doi:10.1136/bjophthalmol-2016-309955 

179. Mangione CM. Development of the 25-list-item National Eye Institute Visual Function 
Questionnaire. Arch Ophthalmol. 2001;119(7):1050. doi:10.1001/archopht.119.7.1050 

180. Dunbar GE, Titus M, Stein JD, Meijome TE, Mian SI, Woodward MA. Patient-Reported 
Outcomes After Corneal Transplantation. Cornea. Published online March 8, 2021. 

doi:10.1097/ICO.0000000000002690 

181. Wesley DB, Schubel L, Hsiao CJ, et al. A socio-technical systems approach to the use of 
health IT for patient reported outcomes: Patient and healthcare provider perspectives. J 

Biomed Inform. 2019;100:100048. doi:10.1016/j.yjbinx.2019.100048 

182. NQF: Patient-Reported Outcomes: Best Practices on Selection and Data Collection - Final 
Technical Report. Accessed April 20, 2024. 

https://www.qualityforum.org/Publications/2020/09/Patient-



 109 

Reported_Outcomes__Best_Practices_on_Selection_and_Data_Collection_-
_Final_Technical_Report.aspx 

183. Norman DA, Draper SW. User Centered System Design: New Perspectives on Human-
Computer Interaction. L. Erlbaum; 1986. 

184. Steele Gray C, Khan AI, Kuluski K, et al. Improving Patient Experience and Primary Care 
Quality for Patients With Complex Chronic Disease Using the Electronic Patient-Reported 

Outcomes Tool: Adopting Qualitative Methods Into a User-Centered Design Approach. 
JMIR Res Protoc. 2016;5(1). doi:10.2196/resprot.5204 

185. Chan J, Shojania KG, Easty AC, Etchells EE. Does user-centred design affect the 
efficiency, usability and safety of CPOE order sets? J Am Med Inform Assoc. 

2011;18(3):276-281. doi:10.1136/amiajnl-2010-000026 

186. Kujala S. User involvement: A review of the benefits and challenges. Behav Inf Technol. 
2003;22(1):1-16. doi:10.1080/01449290301782 

187. Cohn M. User Stories Applied: For Agile Software Development. Addison-Wesley; 2004. 

188. Forsberg HH, Nelson EC, Reid R, et al. Using Patient-Reported Outcomes in Routine 
Practice: Three Novel Use Cases and Implications. J Ambulatory Care Manage. 

2015;38(2):188. doi:10.1097/JAC.0000000000000052 

189. Cheung YT, Chan A, Charalambous A, et al. The use of patient-reported outcomes in 
routine cancer care: preliminary insights from a multinational scoping survey of oncology 

practitioners. Support Care Cancer. 2022;30(2):1427-1439. doi:10.1007/s00520-021-
06545-7 

190. Nelson EC, Eftimovska E, Lind C, Hager A, Wasson JH, Lindblad S. Patient reported 
outcome measures in practice. BMJ. 2015;350:g7818. doi:10.1136/bmj.g7818 

191. Antunes B, Harding R, Higginson IJ, EUROIMPACT  on behalf of. Implementing patient-
reported outcome measures in palliative care clinical practice: A systematic review of 

facilitators and barriers: Palliat Med. Published online June 25, 2013. 
doi:10.1177/0269216313491619 

192. Using Patient-Reported Outcomes in Clinical Practice: Challenges and Opportunities on 
JSTOR. Accessed April 20, 2021. https://www-jstor-

org.proxy.lib.umich.edu/stable/40302457?pq-
origsite=summon&seq=1#metadata_info_tab_contents 

193. Pritchett JC, Patt D, Thanarajasingam G, Schuster A, Snyder C. Patient-Reported 
Outcomes, Digital Health, and the Quest to Improve Health Equity. Am Soc Clin Oncol 

Educ Book. 2023;(43):e390678. doi:10.1200/EDBK_390678 

194. Best Care at Lower Cost: The Path to Continuously Learning Health Care in America. 
National Academies Press; 2013:13444. doi:10.17226/13444 



 110 

195. Austin EJ, LeRouge C, Lee JR, et al. A learning health systems approach to integrating 
electronic patient-reported outcomes across the health care organization. Learn Health Syst. 

n/a(n/a):e10263. doi:https://doi.org/10.1002/lrh2.10263 

 


	Dedication
	Acknowledgements
	List of Tables
	List of Figures
	List of Appendices
	Abstract
	Chapter 1 Introduction
	1.1 Patient-Reported Outcome Measures (PROMs)
	1.2 The growing importance of PROs in delivering patient-centered care
	1.3 PROs in Ophthalmology
	1.3.1 The use of PRO in routine clinical care in ophthalmology

	1.4 Challenges in using PROs in routine clinical practice
	1.4.1 Patient-level Barriers
	1.4.2 Provider-level Barriers
	1.4.3 System-level Barriers

	1.5 PRO Systems in Ophthalmology
	1.6 Digital Interventions for reporting PROs in routine clinical practice
	1.7 User-Centered Design Methods
	1.7.1 User-Centered Design (UCD) methods in healthcare

	1.8 Applying UCD methods for PRO data use in routine practice

	Chapter 2 Research Study Design and Methodology
	2.1 Research Aim:
	2.2 Research Questions:
	2.3  Research Design
	2.4 Setting and Population
	2.5 Methods

	Chapter 3 Understanding Variations in Vision-Related Quality of Life based on Demographic Factors: A Descriptive Study
	3.1 Introduction:
	3.1.1 Objectives:

	3.2 Methods:
	3.2.1 Study Design and Data Source
	3.2.2 Population and Sampling:
	3.2.3 Data Collection:
	3.2.3.1 Dependent Variable:
	3.2.3.2 Independent Variables:
	3.2.3.3 Statistical Analysis:

	3.2.4 Ethical Consideration:

	3.3 Results:
	3.3.1 Descriptive analysis: Patient Demographics and Characteristics:
	3.3.2 VFQ Scores by Demographic factors:
	3.3.3 VFQ subdomain scores stratified by demographic variables:

	3.4 Discussion:

	Chapter 4 Using Patient-Reported Outcomes (PROs) in Routine Ophthalmology Practice: A Contextual Inquiry
	4.1 Introduction:
	4.2 Methods:
	4.2.1 Setting and Context:
	4.2.2 Participants:
	4.2.3 Study Design and Approach:
	4.2.4 Clinical Workflow Analysis:
	4.2.5 Semi-structured interviews
	4.2.6 Data Collection and Analysis:
	4.2.7 Ethical Consideration:

	4.3 Results:
	4.3.1 Clinical Workflow Analysis
	4.3.1.1 Initial observations
	4.3.1.2 Semi-structured interviews with providers:


	4.4 Discussion:
	4.5 Conclusion:

	Chapter 5 Designing and Evaluating an EHR-Integrated PRO Reporting Tool for Ophthalmology: A User-Centered Design Approach
	5.1 Introduction:
	5.2 Methods:
	5.2.1 Setting:
	5.2.2 Participants:
	5.2.3 Design process:
	5.2.3.1 Developing / Refining the Initial Prototypes:
	5.2.3.2 Usability Evaluation:

	5.2.4 Data Collection:
	5.2.5 Data Analysis:
	5.2.6 Ethical considerations:

	5.3 Results:
	5.3.1 Usability evaluation:

	5.4 Discussion
	5.5 Conclusion:

	Chapter 6 Discussion
	6.1 Through Learning Health System Lens:
	6.2 Future Work
	Appendix A: Visual Function Questionnaire 9
	Appendix B: Table-Themes and Representative Quotes from Provider Interviews


	Bibliography

