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Abstract 
Patient portals are e-health technologies that enable patients to connect with health care professionals 

in a safe and convenient way to receive remote care. Additionally, patient portals allow patients to be 

advocates for their own healthcare, since portals could facilitate online disease management. 

Nevertheless, it remains a challenge to get patients actively engaged with these portals and generate the 

desired impact. In this report, the potential benefits and downsides of patient portals are discussed as 

well as the determinants of portal use. Also, the effect of multiple factors such as perceived effort and 

performance of the portals as well as the relationship between different patient characteristics and the 

use of and satisfaction with patient portals are investigated in an adaptation of the Unified Theory of Use 

and Acceptance of Technology (UTAUT). An online survey consisting of quantitative data supplemented 

by qualitative information was conducted amongst users of the patient portal Engage by Philips 

VitalHealth in the primary care setting. Despite some limitations, results showed social influence, 

perceived effort and portal use are the main predictors of satisfaction. A majority of patients using 

Engage was satisfied with the portal and valued the features of Engage as beneficial. Implications and 

suggestions for portal optimization are discussed.  
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Chapter 1. Introduction 

 In the midst of the COVID-19 pandemic, health and safety are top priority. Especially for those 

already suffering from one or more chronic illnesses. Visiting the general practitioner or hospital costs 

time and effort and additionally in this time increases the risk of getting infected. Through patient 

portals, patients are able to connect with their health care providers in a safe and convenient way to 

receive remote care that is no longer restricted to consultations. According to the Dutch government, 

the definition of a patient portal is: ‘An online gateway that facilitates patients via multiple websites 

and/or functionalities in gathering and sharing information about their health’ (Heldoorn, Herk, & 

Veereschild, 2011). Patient portals also allow patients to be advocates for their own healthcare, since 

portals could facilitate online disease management (Osborn et al., 2013; Urowitz et al., 2012). Reliable 

health information and online tools to improve patients’ health are just a few clicks away. Nevertheless, 

it remains a challenge to get patients actively engaged with these portals and generate the desired 

impact. In this report, the potential benefits and downsides of patient portals are discussed as well as 

the determinants of portal use. Also, the effect of multiple factors such as perceived effort and 

performance of the portals as well as the relationship between different patient characteristics and the 

use of and satisfaction with patient portals are investigated.  

Healthcare costs in the Netherlands are increasing every year and since 2018 the ‘magical 

number’ of more than €100 billion has been reached (CBS StatLine - Zorguitgaven; Kerncijfers, 2020). In 

2018, 33% of the Dutch population has been in contact with their general practitioner (GP) to consult on 

at least one chronic illness (Chronische Ziekte: Aantal Personen in Zorg Bij de Huisarts, 2019). These 

staggering numbers stress the importance of innovation in healthcare as for example applications that 

facilitate self-management. Worldwide there is a growing interest in moving healthcare partially to the 

digital world to promote self-management for the chronically ill patients. Patients’ self-management at 

home is crucial to manage chronic diseases and improve the lives of the chronically ill. Interventions 

through e-health solutions have the potential to improve self-management which could result in positive 

outcomes such as better monitoring of chronic illnesses, enhanced physical and psychosocial 

functioning, fewer symptoms and decreasing healthcare costs by reducing the need for healthcare 

resources (Clark, 2003). Innovation in health technologies have enabled us to get proper health 

information at home, which might result in fewer GP visits by patients. Especially in times of the global 

pandemic caused by COVID-19, patients are hesitant in visiting their GP and care professionals are 

hesitant to see patients. Increased workload experienced by GPs is causing them to introduce policies 
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that hamper the possibilities for visits even more (Johansen Fagerlund et al., 2019). Patient portals have 

the potential to be the e-health solution to achieve the benefits mentioned above (Clark 2003) without 

having to visit the GP (Ball & Lillis, 2001), since patient portals enable frequent and flexible personalized 

interaction between patient and healthcare providers, while at the same time providing relevant content 

and education to the patient. An example of a patient portal is Engage by Philips VitalHealth. Engage is a 

self-management platform for the chronically ill, mainly used in primary care groups in the Netherlands. 

The main goal of the platform is the facilitation of online health care and easy collaboration in the entire 

care network of a patient. Through the Engage patient portal, patients can enter home measurements, 

share them with care professionals, look into care plans and find relevant information about their 

disease. Engage also facilitates direct communication with the nurse practitioner.  

Despite the potential benefits and increased availability of patient portals, their use rates are 

often low (Grossman et al., 2019). Tulu and colleagues (2016) found that a mere 20% of people who 

were offered the use of a patient portal, used at least one of the services. A systematic review by 

Grossman and colleagues (2019) found that the availability of patient portals increased from 43% in 2013 

to 92% in 2015, but the self-reported use only rose from 17% in 2014 to 28% in 2017. Abd-Alrazaq and 

colleagues (2019) performed a cross-sectional study aimed to examine factors associated with patients’ 

use of the portal Patient Online in England. They found that patients are more likely to use the program 

if they perceived it to be useful, advantageous, secure and they feel that they have the resources and 

knowledge to use it. However, their model accounted for 48% of the variance in the use behavior 

indicating that there are other factors impacting patients’ use of patient portals yet to be identified.  

The use of patient portals comes with many potential benefits, nevertheless for some patients 

the use of patient portals may also have downsides. An underexposed factor that might play a role in the 

lack of uptake of patient’s portals is the assumption that more informed patients are better equipped to 

make informed decisions, resulting in more empowered patients. However studies are showing that this 

is not always the case, leaving some patients confused and anxious when confronted with unexpected 

results (Van Kuppenveld et al., 2020). Another study shows that the use of patient portals could also 

result in patients becoming more anxious when reading medical information without having somebody 

to discuss the results with or even misunderstand the information and take actions that might 

compromise their health and safety (Huvila et al., 2013). When studying the uptake of patient portals, 

the downsides of the portals should be taken in consideration and the negative consequences should be 

limited as much as possible.  



 

6 
 

Though there have been studies focusing on user acceptance of e-health solutions, the previous 

studies have been done on other technologies such as telemonitoring (Buysse et al., 2010), electronic 

personal health records (Abd-alrazaq et al., 2019; Tavares & Oliveira, 2016) and smartphone health 

technology (Dou et al., 2017; Luna-Perejon et al., 2019). In the past, to the best of my knowledge, very 

few studies to understanding the factors impacting patients’ use of portals have been grounded in a 

theory-driven framework. The intention of performing the current study is narrowing the gap in previous 

research about patient portals regarding the user perception and use, by developing and testing a 

theoretical model to predict and explain patients’ use of patient portals. Since previous models explained 

only part of the variance, there is room for improvement by combining models and identifying other 

important factors. The theory is tested in the context of the Engage patient portal by Philips VitalHealth. 

In addition, this study adds to the existing literature by not using the intention to use the system, but the 

self-reported actual portal use. 

Next, previous research in terms of e-health and general technology acceptance is discussed, as 

well as the main determinants of patient portal use specifically. Based on these findings, a theoretical 

model is developed and tested with the current users of Engage. Lastly, recommendations are made to 

VitalHealth based on the findings aimed at increasing patient portal use in order to achieve all the 

potential health benefits.  
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Chapter 2. Theoretical background: e-health and patient portals 
In this chapter, we elaborate on the benefits and downsides of e-health technologies in general, 

after which patient portals in specific are highlighted.  

2.1 Defining e-health: benefits and downsides 
Through the shift from offline healthcare to online healthcare, patients have the opportunity to 

transform into critical, assertive and informed consumers of healthcare with e-health as a crucial 

connector. The term e-health is widely used among many individuals like researchers, healthcare 

professionals, consumers, insurance companies and healthcare products producers. E-health is an 

accepted new concept, despite the lack of a precise definition. Literature reviews show that there is a 

wide range of themes, but no clear consensus about the exact meaning of the term e-health (Oh et al., 

2005; Pagliari et al., 2005). However, two universal themes, health and technology, arise from the 

literature reviews. A scoping exercise to map the field of e-health by Pagliari and colleagues (2005) 

resulted in the conclusion that the global definition by Eysenbach (2001) in the early development of the 

field represented the concept of e-health well:  

E-health is the field of medical informatics, referring to the organization and delivery of health 

services and information using the Internet and related technologies. In a broader sense, the 

term characterizes not only a technical development, but also a new way of working, an attitude, 

and a commitment for networked, global thinking, to improve health care locally, regionally, and 

worldwide by using information and communication technology. (p. 3) 

The introduction of e-health in the year 2000 represented the promise of new information and 

communication technologies (ICT) to improve health and the health care system. In the last twenty 

years, the use of ICT in the health care system through e-health tools has grown exponentially. E-health 

tools can be any internet-based programs or software used to help patients monitor and manage their 

health, including electronic medical records, mobile apps, patient portals, personal health records, and 

digital health libraries.  

 The potential of e-health to improve effectiveness and efficiency has been recognized by 

governments worldwide (Institute of Medicine, 2001). Countries developing health information 

infrastructures across North America, Europe, Australia and elsewhere are united by the vision to 

improve the safety, quality and efficiency of patient care by enabling access to electronic health records 

and by supporting clinical practice, service management, research and policy through availability of 

appropriate evidence and data (Pagliari et al., 2005). On top of that, strategies to ensure interoperability 
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and data security, as well as commitment to facilitate consumer empowerment and patient self-care 

through telemedicine, are more important than ever. The focus of health care information technology 

has been changing, from the emphasis on hardware and databases, to innovative applications of 

technology in order to facilitate communication and decision making, coupled with the growing 

recognition of the importance of patient engagement with their own health. The Dutch government 

even subsidizes projects to stimulate digital information exchange between health professionals and to 

create incentive to make remote care possible through e-health (VIPP 5 - Medisch Specialistische Zorg | 

Subsidie, 2020).  

Nearly two-thirds of the internet users are estimated to access health information on the 

internet (Caligtan & Dykes, 2011). With such high demand for accessible, comprehensible health 

information, e-health has become a popular way to provide patients with health information, 

recommendations to self-manage their health, and access their health records and data  

A literature review by Lancaster and colleagues (2018) on the use and effects of electronic health 

tools for patients showed that e-health tools focusing on symptoms and self-reporting can prompt 

positive changes in lifestyle and medication use. In addition, the majority of e-health tools studied were 

able to improve patient symptoms, self-management and self-efficacy. Research by Ball and Lillis (2001) 

showed that e-health can improve clinical decision-making, increases efficiency and strengthens 

communication between physicians and patients if sufficient support is offered.  

However, e-health tools as electronic medical records (EMR) face some disadvantages too. Care 

providers expect a lack of understanding the EMR-data, resulting in fear and stress among patients. 

Second, physicians express the worry that too much of the valuable consultation time would be spent on 

explaining the interpretation of the health data to patients, resulting in an increase of workload (Van Der 

Vaart et al., 2013). Finally, EMR could have the negative effect on the physician-patient relationship, due 

to the care professionals’ personal notes concerning the patient, especially in the case of psychiatric 

patients (Brakoulias, 2013).  

2.2 Patient portals 
One of the rather promising e-health tools are the patient portals. At the moment, patient data 

are gathered by different health care professionals. Since July 2020, according to the Dutch agreement 

regarding medical treatment, lawbook 7, section 5, articles 454, 455 and 456 (Wetten.Overheid.Nl - 

Regeling - Burgerlijk Wetboek Boek 7 , 2020), every patient in the Netherlands has the right to view, 

modify or destroy the data in their medical file. Dutch patients can view, manage and share their health 
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information in the personal health environment (persoonlijke gezondheidsomgeving (PGO)), however in 

this PGO no interpretation of the data is given, so the patient is left with an incomplete picture, leaving 

the patients possibly with more questions and no tools or skills to enhance their self-management. With 

the use of a patient portal, patients could be empowered by giving them the right actions based on the 

information. Features included in patient portals could be: keeping a diary for the health professional, 

chatting and video calling with health professional, entering home measurements and looking up 

previously made measurements, finding appropriate information and education about the condition, 

capturing agreements made with the health professional in the individual care plan, filling in surveys to 

prepare for a medical consultation, amongst other things. These features enabled by patient portals 

ensure that patients have the opportunity to look into their medical data at any desired time. In order to 

get patients more involved in their own health, patient portals help patients to transfer health 

information into the appropriate actions. Systematic literature research by Kruse and colleagues (2015) 

found that chronically ill patients using a patient portal improve in the management of their own health 

and their decision-making, which results in a heighted sense of responsibility and a greater feeling of 

empowerment in the management of their conditions. For example, in the self-management of some 

chronic conditions, the patient checks their own blood sugar or blood pressure and administers their 

own medicine. Furthermore, patients often have to change their lifestyle by altering their eating habits, 

getting more physically active and giving up on smoking. The use of a portal supports the patient in many 

ways in addition to the support of health care providers.  

In addition, patient portals have some clear benefits for health care providers such as increased 

quality of care, more efficiency, and smarter and therewith cheaper processes. It has been shown that 

patients show more therapy compliance, client loyalty and a lower no-show rate for consultations when 

using a patient portal (Heldoorn et al., 2011). Especially in countries where health care is managed on a 

competitive market, client loyalty is an important effect caused by patient portals.   

Despite the potential benefits of patient portals, their acceptance rates are often low (Tulu et al., 

2016). In England, the National Health Service launched in 2015 a country-wide program, named Patient 

Online. In this program, general practices are able to provide their patients with internet-based services, 

such as seeing an overview of GP records, booking appointments and requesting medication refills 

(National Health Service England » About GP Online Services, 2016). In April 2017, the percentage of 

patients to use at least one of the online services was only 19.30%. In January 2020, this use rate only 

reached a mere 29.96%, hence acceptance rates remain low (Patient Online Manag. Inf. April 2017 - 
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Januari 2020, 2020). Abd-alrazaq and colleagues (2019) found that the use of patient portal is depending 

on a number of factors as usefulness, security and skills of patients, however that study indicated that 

there are other influential factors involved. To investigate the factors concerning use behavior, the 

development of a holistic model is necessary.   
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Chapter 3. Model development 
In this chapter, the theory regarding general technology acceptance models that exist in 

literature are discussed in order to be able to explain general usage of technologies. These models, 

combined with specific determinants of patient portal use, result in the development of a holistic 

theoretical model of the use of patient portals in the context of Philips VitalHealth Engage.  

3.1 Technology acceptance research 
In the field of information technology, several technology acceptance models have been 

proposed focusing on factors influencing acceptance. In this paper, we will focus on the concept of 

acceptance, defined as the attitude towards accepting a technology (Renaud & Van Biljon, 2008), since 

this is a prerequisite of usage (Venkatesh et al., 2003). Some articles use the terms acceptance and 

adoption of a technology interchangeably, though there is a distinction between the two (Kaldi et al., 

2008). Technology adoption is the expansive process of selecting, purchasing and committing to a 

technology by a user, followed by persistent use and the user embracing the technology in their lives. 

Acceptance, as opposed to adoption, is the attitude towards the technology. However, without the user 

accepting the technology, it is unlikely that adoption will occur. 

In the past, studies to understanding web-based health information seeking behavior grounded 

in multiple theory-driven frameworks have been done. A review by Marton and Choo (2012) identified 

four studies that used theoretical frameworks to explain internet health information seeking. The 

frameworks in these studies were the Theory of Planned Behavior, the Technology Acceptance Model 

(TAM) and the Unified Theory of the Acceptance and Use of Technology (UTAUT). In general, all four 

studies identified by Marton and Choo (2012) were able to produce at least one significant relationship. 

The studies could explain a minimum of 23% and a maximum of 49% of the variance by the study 

variables. All studies identified race, income and employment as key demographic variables in health 

information seeking behavior. 

Only recently, studies that use a theoretical framework have been done in the context of patient 

portals. However, these frameworks themselves are not recent at all. In terms of users’ acceptance, the 

Technology Acceptance Model (TAM) by Davis (1989) is the most widely applied model. This model has 

strong behavioral elements to predict if people will use a technology. The model suggests that when a 

user is presented with a new technology, behavioral intention is formed based on multiple factors such 

as perceived usefulness, ease of use and other external variables. Perceived usefulness is the degree to 

which users believe using a technology enhances their task performance. Perceived ease of use is the 
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extent to which users believe a system would be easy to use. Based on the behavioral intention, the 

actual system use can be predicted.  

Despite the wide use of TAM, the model has been criticized because of its limited predictive and 

explanatory power and the lack of practical value (Chuttur, 2009). The results of the TAM do show what 

factors are most important in explaining the acceptance of a technology. However more than just this 

model is needed to improve the use of a technology such as a patient portal, since the TAM produces 

very little actionable results and explains only around 40 percent of the variance in the behavioral 

intention to use the technology (Venkatesh et al., 2003). After the basic model, many derivatives and 

alternatives of the TAM followed such as the Unified Theory of Acceptance and Use of Technology 

(UTAUT) (Venkatesh et al., 2003) and the Almere model (Heerink et al., 2010). The UTAUT is a model that 

integrates multiple theories and research studies into one unified theoretical model of user acceptance 

of technologies. Venkatesh and collegues (2003) found strong emperical evidence for UTAUT, with three 

direct factors (performance expectancy, effort expectancy and social influence) that influence the 

intention to use the technology. In addition, emperical support is found for two direct affectors 

(intention and facilitating conditions) of the usage behavior. According to UTAUT, gender, age and 

voluntariness were confimered to be significant moderators on at least three of the direct effects, 

whereas the voluntariness of use is only a moderator on the relationship between social influence and 

behavioral intention. Figure 1 displays the original UTAUT model by Venkatesh and collegues (2003). An 

adaptation of the UTAUT model is the Almere model by Heerink et al. (2010). This model does not 

explain the behavioral intentention and use behavior merely on functional evaluation, but also on 

variables that are related to social interaction. For example, the Almere model demonstrated the 

importance of attitudinal factors in predicting the acceptance of a technology and that attitudinal factors 

are partly affected by social factors.  
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Figure 1. The UTAUT model.  Reprinted from “User Acceptance of Information Technology: Towards a Unified View”, 

by Venkatesh, V., Morris, M., Davis, G. and Davis, F., 2003, Management Information Systems Quarterly, 27(3), page 

447.   

3.2 Determinants of use of patient portals 
 A study by Zhang and colleagues (2019) aimed to identify determinants of patients’ intention to 

use diabetes management apps based on an integrated theoretical model found that performance 

expectancy and social influence were the most important determinants. However, also facilitating 

conditions perceived by patients was significant predictor of behavioral intention to use the applications.  

In order for any system to become a success, not only functional factors are important, but also a 

person’s satisfaction with the technology. Philip Kotler and Kevin Keller (2006) define customer 

satisfaction as: “a person's feeling of pleasure or disappointment, which resulted from comparing a 

product's perceived performance or outcome against his/her expectations” (p. 144).  A study by DeLone 

and McLean (2016) found that the behavioral intention to use a particular system is significantly 

influenced by user satisfaction. However, since according to Kotler and Keller (2006) the satisfaction is 

dependent on the expectation of the user, and the fact that the expectation of a user might change 

during use, use might also have an influence on the satisfaction with a system. A recent study by Silver, 

Subramaniam and Stylianou (2020) indicated the importance of portal satisfaction and the role it might 

play influencing the health-seeking behavior of patients. However, this study is solely done with college 

students as participants. Resulting in patient characteristics such as age, education level and technology 

literacy might not be representative for the actual sets of patients. 
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A study by Maillet and colleagues (2015) about nurse satisfaction with an electronic health 

record system found that conditions facilitating the use of the system gave a positive user experience, 

which led to higher user satisfaction. The construct, social influence, can be defined as the extent to 

which users perceive that others who are important to them, such as friends, family and healthcare 

providers, endorse the technology (Tavares & Oliveira, 2016). Heath and Porter (2017) found that when 

family members discussed the benefits of portal use with the patient, the patient was more likely to be 

satisfied with the portal themselves. 

 Nowadays, computer-literate public can find all kinds of health information on the 

internet. The demand and interest for online health portals and access to physician web sites has created 

a new dimension between patients and health care providers. Physicians can improve the quality of 

clinical decision-making and collaborate better with their patients. However, first an accurate picture of 

the current e-health consumer should be formed to get a clear understanding of these patients, their 

capabilities and what can be done to advance the patient portal use.  

A review of studies on patient acceptance of health information technologies reveals that 

personal factors such as age, ethnicity, education level, health status and health literacy strongly 

influence the usage of an electronic patient portal (Irizarry et al., 2015). Socioeconomic status (SES), 

including education level, work status and income were found to be factors influencing use or nonuse of 

an electronic patient portal (Ukoha et al., 2019). Ancker and colleagues (2011) found that use and early 

acceptance rates of patient portals was highest among low-income population, in particular for patients 

with chronic diseases (Dendere et al., 2019). Especially repeated portal use has been associated with 

patients with chronic medical conditions. The systematic research by Dendere and colleagues (2019) also 

showed that user training and patient-provider communication were among the facilitators of using the 

patient portal while privacy concerns and lack of encouragement from providers were among the main 

barriers. Another barrier that is mentioned is anxiety amongst patients associated with viewing their 

own personal medical information. 

A study in 2017 by Price-Haywood and colleagues (2017) stressed that in order to encourage all 

patients to use a patient portal, the e-health literacy should be sufficient. E-health literacy is defined as 

the capability to seek, find, comprehend and evaluate health information from electronic sources and 

apply the knowledge gained to addressing or solving problems (Norman & Skinner, 2006) and is 

positively associated with both computer literacy and health literacy (Choi & Dinitto, 2013).  
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3.3 Research question and hypotheses 
 The previous chapter shows that despite the potential benefits of patient portals, the portals are 

not used by every patient when offered to them. This research explores the main factors affecting the 

use of patient portals and the satisfaction of patients with the portals.  

The UTAUT model seems a stable basis to start exploring all factors (see appendix A for an 

overview of the meaning of each construct) that influence the use of patient portals. This is due to its 

potential applicability of the model to patient-technology interaction and validation as indicated by 

Heerink and colleagues (2010). All hypotheses described in this chapter are tested in one complete 

model adapted from the original UTAUT model. If patients perceive using the portal as effortless and the 

portal will help with self-management of their chronic illness, they are more likely to use the portal 

(Lazard et al., 2016). This leads us to the following hypotheses:  

H1: Perceived effort is negatively associated with patients’ portal use.  

H2: Perceived performance is positively associated with patients’ portal use.  

Combining the functional approach of TAM with the more attitudinal approach of UTAUT and 

the Almere model, it is likely that percieved performance and perceived effort, as well as facilitating 

conditions and social influence have an effect on the acceptance of patient portals. Facilitating 

conditions is the contruct that describes the resources and support available in a system when 

performing a task (Venkatesh et al., 2003). Social influence is the extent to which users perceive that 

important others endorse the technology (Tavares & Oliveira, 2016). Drawing from the previous research 

into facilitating conditions and social influence (Maillet et al., 2015), we hypothesize the following: 

H3: Facilitating conditions are positively associated with portal satisfaction. 

H4: Social influence is positively associated with portal satisfaction. 

In the context of patient portals, to my best knowledge, very little research is done on the 

satisfaction of patients using such a system. Building on the findings by Silver, Subramaniam and 

Stylianou (2020), we explore whether patient satisfaction is associated with portal use, but also if portal 

use influences satisfaction, as is expected when looking at the definition of satisfaction by Kotler and 

Keller (2006).  

 H5: A positive correlation exists between patient satisfaction and portal use.  
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Since patient characteristics as age, gender, socioeconomic status, disease burden, health and 

computer literacy seem to affect the use of patient portals (Abd-alrazaq et al., 2019; Heath & Porter, 

2017; Silver et al., 2020; Tieu et al., 2015), we explore the effects of six patient characteristics on portal 

satisfaction and portal use too.  

3.4 The hypothesized theoretical research model 

 On the basis of the above reasoning, we propose the following theoretical model, which 

integrates social influence, facilitating conditions, perceived effort, and perceived performance and 

patient characteristics as age, gender, SES, disease burden, health and computer literacy. In this study 

the relationship between these factors and portal satisfaction and portal use is investigated by means of 

a survey study conducted among patients using the patient portal Engage by Philips VitalHealth. Figure 2 

illustrates the theoretical model tested in this study. The theoretical model is tested as a whole to see 

how much of the variance can be explained by the UTAUT variables and the patient characteristics 

combined and if the relationships are as expected according to hypotheses.  

 

Figure 2. Hypothesized research model based an adaptation of the UTAUT.  
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Chapter 4. Methodology 

4.1 Participants and design 

Four care groups (Gezondheidscentra Nijkerk, Zorggroup Katwijk, Zorggroep Ridderkerk and 

Ketenzorg Friesland) were selected through convenience sampling. The care groups were asked to invite 

their patients who use the patient portal Engage by Philips VitalHealth to participate in this study. 

However, because of the increased workload due to the Covid-19 crisis, only three care groups included 

patients in this study. The other care group was unable to comply. Participants were patient in one of the 

following care groups: Gezondheidscentra Nijkerk (N=28), Zorggroep Ridderkerk (N=19) or Ketenzorg 

Friesland (N=12).  

Since the study was a web-based, cross-sectional survey design, the patients were recruited via 

an email coming from their care group with the request to fill in a survey about their satisfaction and use 

of the patient portal Engage. In figure 3. the process of recruitment can be seen. In order to test the 

hypothesized research model, structural equation modeling was performed. Although determining 

appropriate sample size is of great importance to conduct structural equation modeling, there is no 

consensus in literature. Some research states that quite small samples (N = 50) can already produce 

evidence for simple SEM models (Hoyle & Gottfredson, 2015). However, more common is a sample size 

around N = 100-150 (Bentler & Chou, 1987; Tanaka, 1987). In this research, the aim for the sample size 

was at least 120 participants, which would be sufficient since the statistical analysis required at least 10 

participants for every included construct (Gefen et al., 2000) and at least 10 times more data points than 

the number of items of the most complex construct in the model (Barclay et al., 1995). 

Prior to further data analyses, all variables are examined in order to check for outliers and 

missing data. Nine participants did not complete the survey, resulting in their removal from the data set.  

Patients’ answers about perceived effort and health literacy are checked against the reversed 

items in the questionnaire. For example, patients are asked if they (strongly) agreed or (strongly) 

disagreed with ‘It is often unclear where to find certain features in Engage’ and ‘It is easy to find features 

in Engage’. No participants gave contradictory answers in two or more pairs of these kind of questions, 

so no participants were eliminated. 

Therefore, the sample for the final analysis was composed of 50 participants (15 female).  
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Participants received a gift voucher with a worth of €10, sent to their home address as monetary 

compensation.  

Philips Research asked ‘key nurse practitioners’ for cooperation.  

The key nurse practitioners also received an example email to forward to the patients. 

 

The key nurse practitioner of each care groups asked Engage users to fill in a survey via email. 

 

Engage user filled in survey anonymously in Philips approved survey tool: Verint Enterprise Feedback 

Management. 

 

Engage user received VVV-voucher at home address. 

 

Figure 3. Recruitment process 

4.2 Measures 

A total of 57 survey items were used to measure the 6 constructs and 6 demographic variables in 

the research model. Most items were drawn from previously validated measurement instruments, such 

as in the UTAUT model (Venkatesh et al., 2003) which allowed us to measure the constructs of perceived 

effort, perceived performance, social influence and facilitating conditions. The demographic variables 

were measured through items from the following sources: socioeconomic status by items used by the 

Dutch Central Bureau of Statistics (Shavers, 2007), health literacy was measured by the brief health 

literacy survey by Chew and colleagues (2004), computer literacy by items from the Pharos Quick Scan 

(Quickscan Digitale Vaardigheden van Je Patiënten - Pharos, 2020) and disease burden was measured 

through self-created items. Patients mostly responded by Likert Scale-type responses (1 = Strongly 

Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree).  

The survey was reviewed by different stakeholders both from a clinical perspective as well as 

from a business perspective to ensure completeness and understandability. In the end, three researchers 

from Philips VitalHealth, three nurse practitioners from one of the care groups and one person without a 

professional background in health care gave feedback, to ensure that all questions were relevant and 

clearly and unambiguously formulated. The language used in the survey had been checked according to 
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the Dutch b1-language level (Taalniveau B1 | Rijkswebsites, n.d.) in order to make sure the survey was 

understandable for the target group. Based on the feedback from the business perspective, questions 

about problems, risk and trust were added (questions 11, 25 and 26 in appendix B). Also questions 

inspired by the outcome driven innovation (ODI) method (Ulwick, 2016) were added. This market 

research method could reveal hidden opportunities for growth (question 8 in appendix B). Based on the 

feedback from a domain expert, a question about perceived control (questions 21 and 22 in appendix B) 

was added, since the level of perceived control over one’s disease might influence how often a patient 

would use Engage. Next to that, questions about when the patient started to use Engage, the possibility 

for additional instruction and improvements were added to the final questionnaire (respectively 

questions 15, 16 and 33 in appendix B).   

The answers of the first ten respondents were monitored to see if there were any unforeseen 

problems. The open questions about problems and suggestions were checked as well as the two 

questions that were each other’s negative, to see if the answers corresponded with each other. No 

changes were made to the survey based on these checks. The final and full version of the survey can be 

seen in Appendix B.  

4.3 Procedure 

Users of the Engage patient portal received an email coming from their care group in which they 

were asked to participate in a study about their satisfaction and use of the patient portal. Participants 

could click on a link in the email sending them to the click-through informed consent. If they consented, 

they were redirected to a web-based survey. Both the informed consent as the survey were conducted 

using the Philips approved survey tool Enterprise Feedback Management (EFM) by Verint. When 

participants had completed the survey, which took them approximately 20 minutes, they were asked to 

fill in some additional data in a separate survey in order to send them a VVV-voucher with the value of 

€10, but also to ensure their privacy.  

4.4 Data analysis 

The graphs were made in Python using Jupyter Notebook (code can be found in appendix C), a 

web-based interactive computational environment (Kluyver et al., 2016) and the EFM survey tool. The 

survey data were analyzed with the Lavaan package in R studio (Rosseel, 2012) using structural equation 

modeling (SEM). SEM integrates several different multivariate techniques into one model fitting 

framework. SEM was the appropriate technique for testing whether the relationships within the 

proposed research model are indeed seen in the data, because SEM makes use of latent variables to 
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account for measurement error in the data (Byrne, 2012). First, the reliability of each construct was 

assessed using Cronbach’s alpha. Using confirmatory factor analysis, the validity was confirmed of all the 

reflective indicators based on the UTAUT factors in our measurement model. Using exploratory factor 

analysis (R- code of factor analyses in appendix D), the validity of the factors that were measured with 

self-created items were evaluated. In order to test the proposed research model structurally, SEM (R-

code in appendix E) was performed. This type of analysis gave the opportunity to analyze the whole 

model at once instead of testing all the individual hypotheses separately. Theory testing was done with 

overall and relative model fit tests (RMSEA, CFI, BIC and χ², and the structural parameters estimates: size, 

direction and significance. First, a simpler model without patient characteristics was tested. Next, 

alternative models with added latent factors were tested to see if the model fit would increase. Previous 

studies suggest that the model should be modified to include additional components and relationships to 

explain more of the variance (Legris et al., 2003). 
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Chapter 5. Results 

5.1 Descriptive analysis 

All participants had at least one chronic disease, of which had 31 (62%) diabetes and 28 (56%) 

high blood pressure. Other disease that were prevalent in the sample were COPD (8 patients), arthrosis 

(7 patients) and heart failure (3 patients). Furthermore, there were other, less prevalent, conditions 

amongst the patients. In order to ensure the privacy of the participants, these conditions are not named 

individually. In table 1, general participants characteristics are shown. 84% of the participants were 

between 55 and 74 years old, 70% was male and more than half of the participants was retired. In 

appendix F, the distribution of the answers to all questions can be seen.  

Table 1 Characteristics of study participants (n = 50) 

Age, years n (%) 

 18 – 24 1 (2) 

 45 – 54 4 (8) 

 55 – 64 18 (36) 

 65 – 74 24 (48) 

 75 – 84  3 (6) 

Gender   

 Male 35 (70) 

 Female 15 (30) 

Monthly net income   

 < €1,000 2 (4) 

 €1,000 - €2,500 15 (30) 

 €2,500 - €5,000 14 (28) 

 > €5,000 2 (4) 

 Do not know/refused 17 (34) 

Education   

 Elementary school 2 (4) 

 High school 18 (36) 

 Secondary vocational education (MBO) 11 (22) 

 Higher professional education (HBO) 16 (32) 

 University 3 (6) 

Current work-status   

 Full-time (>35 hours) 9 (18) 

 Part-time 5 (10) 

 Retired 28 (56) 

 Work-disabled 5 (10) 

 Currently no paid work 3 (6) 
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A one-way between subjects ANOVA was conducted to compare the effect of care group on 

general satisfaction with the patient portal. It was discovered that there is no significant difference, 

between the satisfaction of patients from the three different care groups (F(1, 48) = 2.509, p = 0.12). 

Therefore, we believe that it is not necessary to conduct multi group SEM.  

Eight out of fifty participants reported that they had never used Engage or that they had quit 

using the portal. Since patients that quit using the portal are especially interesting when exploring the 

barriers when using Engage, they are kept in the sample. Two main reasons for quitting were identified 

based on answers to open questions. Either patients had problems with logging-in, sometimes even after 

resetting their password, or they did not know what to use the portal for.  

 Most patients (43 out of 50) reported that they did not think Engage took too much time. From 

these 43 patients, seven of them reported that Engage even saved them time, since they didn’t have to 

call or e-mail their care professional or had to go to the GP office.   

 Ten possible benefits of Engage were stated to the participants. In figure 4, the responses of the 

participants can be seen. About half of the participants in this study clearly see the benefits of Engage (in 

dark green and light green). However, the other half does not see the benefits (orange and red bars) or is 

indifferent about the benefits (blue). Patients were most satisfied about the fact that through Engage the 

care professional can check their home measurement, which gives them confidence. Additionally, 

Engage facilitates easier communication between patient and care professional. However, only fifteen 

out fifty patients felt that Engage gives them more control over their treatment and felt less need to visit 

their care professional. 

  

Figure 4. Possible benefits of Engage 
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 Engage holds a variety of features all designed to support patients in managing their disease and 

keeping track of their measurements and care plan. However, open questions in the survey reveal that 

the main goals and purpose of Engage are not clear to all patients, as these quotes illustrate: 

'I expected more of Engage. I did not communicate with my caregiver through Engage yet, I am not really 

sure if that should be happening. In my opinion, not every is up-to-date. I was once asked to participate 

in Engage by my nurse practitioner and I responded affirmative. Thereafter, I got invited and I started 

using to do’s or tasks, however, that’s the only thing I used I think. What is the main intention of Engage? 

' [Female, 45-54 years old] 

‘What is the intention of the use of Engage. Is this going to replace my nurse practitioner? Or is this an 

addition to my medical files?’  [Female, 45-54 years old] 

 Looking at whether or not patients become worried when using the patient portal, two findings 

are worth mentioning. First, only six out of 50 patients are afraid the patient portal will replace their 

physical consultation with their GP. Second, most patients (86%) did not think differently about their 

condition after using Engage. The remainder, 14%, became less worried about their condition since they 

used Engage. No patients became more worried.  

 Since most score high on the Pharos Quick Scan of computer literacy, not many problems with 

the use of the patient portal are expected. However, 13 participants have had at least once a problem 

with logging in and 5 participants had problems with filling out and uploading home measurements. Also, 

some other features of Engage caused problems with some participants. In figure 5, the problems with 

different features can be seen. Another problem that became apparent when browsing through the data 

was the number of features that patient did not use. Figure 5 shows the problems patients face when 

using Engage. The grey bars represent the number of patients that do not use the corresponding feature 

in Engage.   
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Figure 5. Problems that patients face 

 The patient portal is promoted by the nurse practitioner to the patient. The nurse practitioner 

chooses which patients are invited to use the patient portal, and which patients are not included. The 

nurse practitioner is also in most cases the main point of contact. However, two patients reported that 

the nurse practitioner did not respond to them when questions were asked. 

 Additionally, some patients indicated that Engage did not respond to questions too. One patient 

stated: ‘Engage cannot be reached, the only communication method is an old email address.’ [Male, 65-

75 years old] 

 Other problems that patients faced were not being notified via email when a message was given 

in Engage, the lack of explanation about the meaning of measurement values and the use of many 

abbreviations. Next to that, patients were confronted with problems with the interface of Engage. Four 

patients indicated that the manner in which they had to input their measurement values was devious 

and that it required unnecessary scrolling over the pages, as the following quotes illustrate: 

‘The input field for blood pressure and heart rate cannot be found impulsively. A link on the homepage 

would be useful.’ [Male, 55-64 years old] 

‘The input options are not practical. The screen jumps up after each entry. Graphs are not legible to me, 

there is far too little distinction.’ [Male, 55-64 years old] 
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‘Entering measurement data was a problem because it is not directly visible on the screen. The option is 

given below the graph, so first I must scroll down in order to get the option to register measurement 

data on my screen. Now that I know that, the problem has been solved.’ [Male, 65-74 years old] 

 Questions inspired by the ODI method about the current functions in Engage were included. This 

resulted in the visualization in figure 6, showing the importance of certain features and the satisfaction 

with these features. The features are ordered from most important to least important. What can be seen 

is that the first six features are the most important for patients. A majority of patients considers the 

ability to share home measurements with the NP, the possibility to capture agreements in the care plan, 

finding relevant information and education, and the chat functionality as very important. Most patients 

are also quite satisfied with these functionalities. However, in the grey bars it is shown that many 

functionalities are not yet used by all patients. 

 

Figure 6. Importance of and satisfaction with features 

 

5.2 Measurement model: checking the constructs 

5.2.1 Exploratory Factor Analysis (EFA) 
In the questionnaire, 15 items were intended to measure 5 latent variables concerning patient 

characteristics: disease burden, perceived control, socioeconomic status, computer literacy and health 

literacy.  

Since these patient characteristics items were based on a combination of translated items from 

validated surveys in literature and self-created items, it is important to examine the factor structure of 

the current questionnaire. An EFA was performed using Ordinary Least Squared factoring with oblique 

rotation on the 15 items. This type of analysis was done because it does not assume multivariate normal 

distribution nor completely unrelated factors. 
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Five out of six items (in orange in table 2) about computer literacy resulted in a very low spread 

in answers. Participants hereby indicated that they were able to use a computer, find health related 

information on the internet, use email and use and download smartphone applications. The only 

question about computer literacy that the participants differed on was the question if they felt confident 

about their digital skills to use Engage. This question was used in the further analysis as an indicator of 

computer literacy.  

 In the EFA with the resulting ten items, we stepwise discarded items which did not load on any 

factors. After discarding two out of ten question items (items that have a factor loading below 0.3 in 

table 2; income and current work-status), we found three factors measuring the patient characteristics in 

contrast with the expected four constructs. Therefore, the question items were revisited and the factors 

were re-interpreted based on the items that loaded on them.  

Based on the highest loading of each item on the new factors, re-interpretation was done 

resulting in the following three patient characteristics: patient confidence (3 items; confidence about 

digital skills, confidence about filling in medical forms, education), health literacy (2 items; problems with 

written information about condition, help needed with information from GP or hospital) and disease 

burden (3 items; disease under control, disease burden, perceived influence on disease).  In table 2, all 

item loadings higher than 0.1 are displayed. In green, the item loadings that were included in the final 

SEM model are highlighted. The standardized Cronbach’s α is reported for each factor, since the answer 

scales for each item are not always comparable.  

Table 2 EFA of patient characteristics 

Question Items Derived factors after EFA 

Confidence Health literacy Disease burden 

Standardized Cronbach’s α 0.71 0.89 0.60 

Computer literacy    

Do you use a computer, smartphone or tablet 
with internet? 

   

Do you look for information about health or 
diseases on the internet? 

   

Do you use e-mail?     

Do you use applications on your smartphone or 
tablet? 

   

Are you able to download an application 
yourself?  

   

I feel confident about my (digital) skills to use 
Engage adequately.  

0.585 - - 
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Health literacy    

How often do you have problems with 
understanding written information about your 
disease?  

- 1.003 - 

How often do you need help with reading 
information from the hospital or the GP?  

- 0.769 - 

I feel confident when filling in medical forms. 0.902 - - 

Socioeconomic status    

What is your highest level of education?  0.581 - - 

What is your personal monthly net income (the 
amount you receive every month)? 

0.281 - -0.271 

What is your current employment status? - - - 

Disease burden    

To what extent do you feel that your illness is 
well under control?   

-0.228 - 0.580 

How much of a burden do you experience from 
your illness(es) during the past month? Please 
rate between 1 (no burden at all) and 10 
(unbearable burden). xDisBur3 

0.150 0.151 0.457 

Perceived control    

To what extent do you think that you yourself 
(through behavior) influence how well your 
disease is under control? xDisBur2 

- - 0.744 

 

5.2.2 Confirmatory Factor Analysis (CFA) 
Next, a CFA was conducted to validate the measured constructs and therewith checked whether 

the items used for each construct coming from the UTAUT: perceived effort, perceived performance, 

social influence and facilitating conditions, measured them reliably. The model fit for both the CFA as for 

all the SEM models are tested by several indices (Hooper et al., 2008). The Root Mean Square Error of 

Approximation (RMSEA) is a commonly used statistic which provides information about the ‘badness of 

fit’. The value of this fit measure ranges between 0 and 1, for which a lower RMSEA value indicates a 

better model fit. Values below 0.08 are interpreted as a good fit (Taasoobshirazi & Wang, 2016). The 

Comparative Fit Index (CFI) is used because it is not very sensitive to sample size. The value of the CFI 

indicates the fit of a target model compared to the fit of an independent null model, for which values ≥ 

0.90 are considered a good fit. The χ² assess the overall fit of the model and is based on the discrepancy 

between the sample and the fitted covariance matrices. This measure is sensitive to sample size. Since 

the H0 of this measure is: the model fits perfectly, a good model fit is represented by an insignificant χ² 

p-value, p < 0.05. Lastly, for the SEM models also the Bayesian Information Criterion (BIC) is used. This 

statistic is mainly used as a criterion for model selection among a set of models. When comparing 

models, the model with the lowest BIC has the best fit. When looking for the best model, it is possible 
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that the result is an overfitted representation of the data. The BIC attempts to resolve this problem by 

giving penalties for increasing numbers of parameters. When the BIC value of one model differs ten 

points from the other, it is a very strong indicator of the one model being better than the other (Hooper 

et al., 2008).  

The CFA model did converge with low fit indices (RMSEA = 0.134 (p < 0.05), CFI = 0.777 and χ² = 

465.622 (p < 0.05)) indicating that the model does not fit the data. Therefore, we submitted the items to 

simpler versions of CFA, including only the items belonging to their respective construct. For every 

construct, we discarded items (in orange in table 3) with low loadings until for every simple CFA the χ² 

was insignificant (p > 0.05), meaning that the model fits the data. All items that resulted from these 

simple CFAs were combined in the total CFA which resulted in a better fitting model (RMSEA = 0.069 (p < 

0.05), CFI = 0.915 and χ² = 40.21(p = 0.15)). In table 3, all item loadings of the final CFA are displayed that 

are higher than 0.1. In green, the item loadings that were included in the final SEM model are 

highlighted. 

Table 3. Outcome of CFA for UTAUT variables and satisfaction score 

Question Items Derived factors after CFA  

Perceived 
performance 

Perceived 
effort 

Social 
influence 

Facilitating 
conditions 

Satisfaction 

Standardized Cronbach’s α 0.93 0.79 0.88 0.91 0.86 

Perceived performance      

Engage helps me deal with my 
chronic illness. 

     

Engage gives me insight into my 
health. 

     

Engage gives me a good overview 
of my treatment plan. 

0.846 -0.127 - 0.138 - 

Engage helps me set lifestyle 
goals that I want to work on. 

     

Engage provides me with a good 
overview of the lifestyle goals I 
want to work on. 

     

Engage makes me better 
informed about my condition. 

     

Engage allows my NP/GP to check 
my home measurements, which 
gives me confidence. 

     

Engage facilitates communication 
with my NP/GP.  

0.762 0.303 - - - 
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Through Engage I have more 
control over my treatment (goals, 
actions, individual care plan). 

0.973 - - - - 

By using Engage, I feel less of the 
need to visit my NP/GP. 

0.763 - 0.111 - - 

Perceived effort       

I was successful in using Engage 
the first time. 

- 0.660 - 0.152 0.307 

I find Engage easy to use. 0.378 0.555 0.120 - 0.460 

I quickly learned how to use 
Engage. 

0.152 0.537 0.177 0.121 - 

Engage looks attractive and 
inviting. 

     

I often find it unclear where to 
find something in Engage. 

     

Social influence      

I feel that my caregivers consider 
the use of Engage as important. 

0.259 - 0.615 - - 

My care provider encourages the 
use of Engage. 

- - 1.026 - - 

My home environment 
encourages/supports the use of 
Engage. 

     

Facilitating conditions      

When I had a question or a 
problem with Engage, I was 
helped quickly and effectively. 

     

I have been explained how to use 
Engage. 

- - - 0.849 - 

I have been explained what to use 
Engage for. 

- -0.134 - 0.965 - 

I know where to find an answer if 
I have a question about using 
Engage.  

-0.102 0.294 - 0.816 - 

I received enough support in 
learning to use Engage. 

- 0.106 0.181 0.656 - 

Satisfaction      

How satisfied are you with 
Engage? 

- - - - 0.892 

I would like to continue using 
Engage. 

- - - - 0.993 

Would you recommend Engage to 
other people with a chronic 
disease? 

- - - - 0.610 
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90% of participants reported to use Engage for less than 15 minutes per session, which were only 

the first two answers option out of five. Since the spread was low, we chose to omit this question from 

the latent variable Use. The latent variable use will only be measured by the item: how frequently do you 

use Engage?  

5.3. Structural model: checking the inter-relationships 
 In order to test the structural dependencies between the factors, SEM was done with the items 

that were not eliminated during the EFA and CFA. To prevent multi-collinearity, only factors with low 

inter-correlation (less than 0.6) and VIF below 10 should be used (O’Brien, 2007). The factors in this 

study did not have high correlation or VIF scores. 

  In the first SEM model, figure 7, only the factors of the UTAUT were included. This resulted in a 

model with a quite decent model fit (RMSEA = 0.097, CFI = 0.916, BIC = 2253.88 and χ² = 160.54 (p < 

0.05). However, the relationship between facilitating conditions and satisfaction was insignificant 

(standardized β = 0.114, p = 0.484) and all the predictors of use were insignificant in this first SEM model.  

 

Figure 7. SEM model 1 with UTAUT factors, the significant relationships are indicated by a continuous arrow, while 

insignificant relationships are shown by a dashed arrow. The standardized beta coefficients are reported, including an 

asterisk when significant. 

 To optimize the UTAUT model in the context of patient portals, the patient characteristics were 

included in the second model to test if this would result in a better fit and give us more information. In 

the second model the patient characteristics were added in order to predict use and satisfaction with the 
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portal in a more realistic setting. The more elaborate model, shown in figure 8, resulted in a less optimal 

model fit according to the CFI, BIC and χ²  fit measures, however the RMSEA score improved slightly 

(RMSEA = 0.088, CFI = 0.859, BIC = 3317.24 and χ² = 402.00 (p < 0.05)). This is to be expected because of 

the increased number of parameters, which some fit measures penalize. Since all regression coefficients 

predicting use are insignificant, the model 3 only treats use as a predictor for satisfaction and no longer 

as an outcome variable.  

 

Figure 8. Model 2 with patient characteristics, the significant relationships are indicated by a continuous arrow, while 

insignificant relationships are shown by a dashed arrow. The standardized beta coefficients are reported, including an 

asterisk when significant. 
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 When incorporating the patient characteristics that were found in the EFA and removing use as 

an outcome variable. The following modified model is created (figure 9). An ANOVA between model 2 

and 3 shows no statistically significant difference between the model fits (p = 1.00). The model fit of the 

third model is as following: RMSEA = 0.090, CFI = 0.856, BIC = 3322.62 and χ² = 403.62 (p < 0.05). The 

removal of use as an outcome variable does not statistically worsen the model fit. Since treating use as a 

predictor variable decreases the complexity of the model, which is better in the case of small sample 

sizes, and the fact that it does not decrease the model fit, we choose to continue with use as a predictor.  

 

Figure 9. Model 3 with the construct use as predictor, the significant relationships are indicated by a continuous arrow, 

while insignificant relationships are shown by a dashed arrow. The standardized beta coefficients are reported, 

including an asterisk when significant. 
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Since in Lavaan, many covariances between predictors can be seen, we utilized the modification 

indices to see if there are other relationships in the data than hypothesized. Figure 10 shows the model 

based on the modifications suggested. The fit of the final model was RMSEA = 0.092, CFI = 0.875, BIC = 

3008.04 and χ² = 328.47 (p < 0.05). An ANOVA shows that the fit of this model is slightly but significantly 

better than the previous models. The fit is better because the adapted model based on modification 

indices is a better representation of the situation in the context of patient portals. What can be seen is 

that some predictors do not have a direct effect on satisfaction with a portal, which was hypothesized, 

but indirect effects through other variables. For example, facilitating conditions does not have a direct 

effect on satisfaction, but is mediated through social influence.  

 

Figure 10. Model 4 based on modification indices, the significant relationships are indicated by a continuous arrow, 

while insignificant relationships are shown by a dashed arrow. The standardized beta coefficients are reported, 

including an asterisk when significant. 
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Figure 10 shows the final SEM model resulting from the adaptations based on the modification 

indices. As we can see, ten out of fourteen regression coefficients are significant (p < 0.05). Our model 

explains 71.7% of the observed variance in portal satisfaction (R2 = 0.717).  

Portal use was negatively correlated with perceived effort (β = -0.336, p < 0.05). According to H1, 

a relationship between these two factors was expected, however the direction of the relationship is 

reversed. Portal use is a predictor of perceived effort, but the data did not significantly support H1, in 

which perceived effort predicts portal use. According to H2, a positive association was expected between 

perceived performance and portal use, however in the model based on the empirical data, no such 

relationship was found.  

 According to H3, a direct, positive association between facilitating conditions and portal 

satisfaction was expected. This relationship was also not found in the resulting model. However, an 

indirect effect mediated by social influence was found between facilitating conditions and portal 

satisfaction. Meaning that if patients knew where to find help when using the portal, the extent to which 

they thought that people who are important to them endorse the portal increased. According to H4, a 

positive association between social influence and portal satisfaction was expected. This relationship is 

indeed seen in the model (β = 0.338, p < 0.05), so the data support H4. Thus, patients who are 

encourages to use the portal, are more satisfied with the portal.  

 According to H5, a positive correlation is expected between patient satisfaction and portal use. 

However, the model shows a uni-directional, negative relationship between portal use and satisfaction 

(β = -0.378, p < 0.05). In other words, we did not find that patient who are more satisfied, use the portal 

more. On the contrary, we found that patients who use the portal more are less satisfied with Engage.   

 Next, the effects of patient characteristics on portal use and portal satisfaction were explored. 

No direct relationships were found. Yet, health literacy negatively correlates with patient confidence (β = 

-0.583, p < 0.05) and confidence is positively related to perceived effort, however insignificantly (β = 

0.158, p = 0.170). These results do not support the expectation that patient characteristics influence the 

portal use and portal satisfaction. The negative relationship between health literacy and confidence 

makes sense when looking at the items measuring health literacy. The items measure how often a 

patient needs help when reading medial information and how often they face problems when reading 

medical information. A high score on the construct health literacy means they need help with 

understanding medical information. In other words, the negative relationship between the construct 

health literacy and patient confidence means that people with a higher health literacy have more 
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confidence when using Engage. Since perceived effort was measured as the extent to which people think 

Engage is easy to use, the insignificant, positive relationship between confidence and perceived effort 

entails that people who have more confidence when using Engage, score higher on perceived effort 

which means they think Engage is easier to use than people who have low confidence.  

 The SEM model gave us information about other relationships. Perceived effort was positively 

correlated with portal satisfaction (β = 0.383, p < 0.05). In other words, patients who perceive the portal 

as easier to use, are more satisfied with the portal. Perceived effort is influenced by facilitating 

conditions (β = 0.190, p = 0.146), social influence (β = 0.326, p = 0.087) and perceived performance (β = -

0.361, p < 0.05). However, only the last relationship is significant, meaning that if the perceived 

performance can predict the perceived effort. In other words, if the perceived performance of Engage 

increases, patient perceive the use of Engage as easier. Facilitating conditions had a positive correlation 

with social influence (β = 0.400, p < 0.05), which had in turn a positive relationship with perceived 

performance (β = 0.683, p < 0.05). In other words, if patients knew where to find help in the portal, they 

had a higher feeling of social influence which in turn increased their perceived performance of Engage. 

 Furthermore, the patient characteristic gender had a positive relationship with perceived 

performance (β = 0.297, p < 0.05), meaning that females perceived a higher performance than males. 

Gender also had a direct, significant effect (β = 0.237, p < 0.05) on portal satisfaction, again meaning that 

females were more satisfied with the portal than males. Lastly, a just insignificant direct effect of age 

was found on portal satisfaction (β = -0.151, p = 0.078), which points into the direction that older people 

are less satisfied with Engage than younger people.  
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Chapter 6. Conclusion and Discussion 

The motivation driving this study was found in the question what factors influence the use of and 

satisfaction with a patient portal. The Universal Theory of Use and Acceptance of Technology (UTAUT), 

which is widely used in Information Communication Technology (ICT) acceptance research, was applied 

in the medical domain in the context of patient portals. First, the main findings of the descriptive analysis 

as well as the structural equation modeling are described. Then, the implications are discussed and 

suggestions for portal optimization are done. Lastly, the limitations of this study and the potential for 

future research are discussed.  

6.1 Main findings 

6.1.1 Descriptive findings 
 From the descriptive results we can conclude that patients are in general quite satisfied with the 

use of Engage, about half of the patients values the features of Engage as beneficial and most patients 

are not afraid Engage will replace their consultation time with the health care professionals. Especially 

the feature of uploading home measurements was appreciated by patients. The fact that care 

professionals could check their values, gave them confidence. Another clear benefit of Engage was that 

for some patients the use of Engage saved time, because they felt that they had to call and visit the 

health professionals less often. This positive outcome could decrease the number of visits and therewith 

reduce the costs of health care without diminishing the quality of care.  

Engage is meant as an extension of the regular health care and should ease the communication 

between patient and health professional. Next to that, Engage could replace parts of the traditional care 

by facilitating remote care which could reduce the number of less face-to-face consultations. Patients did 

voice that Engage facilitated easier communication between patient and care professional. Nevertheless, 

we see some clear room for improvement, since some patients feel that the information on Engage is 

not always up-to-date and the nurse practitioner does not always respond to their questions.  

Another important problem that should be addressed is the lack of explanation to the patient 

about the exact purpose of Engage. Since this information is missing, some patients are confused about 

what they should use Engage for, indicating the need for clear instruction. 

Additionally, we can conclude that, in this sample, the patient had a high level of computer 

literacy. This is also reflected in the fact that patients hardly faced any problems when using Engage. 
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However, despite the high level of computer literacy, large numbers of patients had trouble with logging-

in, which is especially detrimental for first time users.  

Open answered questions gave us insights in what features in Engage should be improved and 

how the interface affected the usability of certain features. We learned that there is some specific hassle 

with entering home measurements, which is undesirable since this is the most important feature of 

Engage according to the patients. The main problem with this feature was the location of the data entry, 

patient reported that this was not intuitively located and that they had to scroll down for every separate 

entry.  

The answers to questions inspired by the outcome driven innovation method yield that patients 

are satisfied about (most of) the features that they find important. A majority of the patients considers 

the chat functionality, the ability to share and review home measurements, the education and 

information, and the possibility to capture agreements in the care plan as very important and indicate 

that they are quite satisfied with these features. However, we see that many features in Engage are not 

yet being used by all patients, including sending and receiving chat messages from the nurse practitioner 

and filling out and uploading home measurements. Many patients do not know of the existence of many 

features or they do not use them. So, the opportunity for Engage does not necessarily lie in the fact that 

some features should be improved, but in stimulating the use of the existing features.  

6.1.2 Measurement model 
Forty-six different questions from a variety of questionnaires regarding patient satisfaction and 

acceptance of technology were selected. It was intended to measure perceived effort, perceived 

performance, social influence, facilitating conditions, satisfaction, use and the patient characteristics: 

age, gender, SES, disease burden, perceived control, computer and health literacy. After dropping some 

items and re-interpreting some factors, the 25-item questionnaire showed good quality in terms of 

adequate internal consistency, all Cronbach’s alphas were above 0.60. Even though most items were 

extracted from validated surveys, the Cronbach’s alpha for disease burden was questionable low. This 

problem might be caused by the data that is used, since the variance of some items is quite low. This 

results in the core problem that it is nearly impossible to covary with other items. Low covariance leads 

to low correlation, of which the Cronbach’s alpha is based upon. Also, the small sample might be a 

reason for low internal consistencies in the latent variables, since a few outliers in the data already have 

a huge effect.   
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Since the questions on computer literacy showed such a small spread, only one question about 

patients’ computer skills confidence using Engage was used. The small spread, so only patients who 

could use all the options given in the survey, is likely caused by the manner in which patients are 

recruited to use the patient portal. The nurse practitioners choose which patients they deem suitable to 

use Engage, resulting in Engage being used only by patients with advanced computer skills. 

6.1.3 Structural component 
 Some of the overall fit indices, RMSEA = 0.092 and CFI = 0.875, indicated that the fit of the final 

structural model was quite decent. Although the other fit statistics were almost in acceptable range, the 

χ² was significant, suggesting the null hypothesis of a perfect fit between the model and the empirical 

data can be rejected. Since this measure is quite sensitive to sample size, and our sample size was low, 

we did utilize this model to infer our conclusions. First, we discuss the relationships of the predictors, 

social influence, facilitating conditions, effort expectancy and performance expectancy, then we discuss 

the effects of patient characteristics.  

Previous research found statistically significant antecedents of portal satisfaction in social 

influence, facilitating conditions, effort expectancy and performance expectancy (Silver et al., 2020). 

These four factors had a direct effect on portal satisfaction. In our particular study, we did not find the 

exact same results. The factors perceived effort and social influence did have a direct effect on portal 

satisfaction. However, perceived performance and facilitating conditions, contrary to our initial 

supposition, did not have a significant relationship with portal satisfaction. This might be explained by 

the fact that Silver and colleagues (2020) used performance expectancy and effort expectancy as 

predictors, where our participants voiced their perceived performance and perceived effort. The 

participants in the study of Silver and colleagues (2020) were not given the opportunity to form an 

opinion based on actual use, where our participants did have this opportunity. Another possible 

explanation for the different findings is that Silver and colleagues used students in their research, 

whereas we had actual patients as participants. A high score for perceived effort indicates that patients 

think Engage is easy to use, the positive relationship between perceived effort and portal satisfaction is 

as expected, if the usability of the portal is better, the patients are more satisfied with the portal. The 

direct relationship between social influence and portal satisfaction is also intuitive, meaning that if 

patients think their social circle finds the use of Engage important, they are more satisfied with the 

portal. This could be explained by the fact that if nurse practitioners find Engage a valuable tool, they 

stimulate the patient more to use it, resulting in a heightened satisfaction of the patients with the portal. 

We did not find a direct effect of performance on satisfaction as Silver and colleagues did, however, we 
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did find an indirect effect of perceived performance on satisfaction mediated by perceived effort. One 

option to explain this relationship could be that patient who think Engage has a high performance, find 

Engage easier to use than patients who think Engage does not perform well. Which could be caused by 

the extent to which the nurse practitioner explains both the benefits of Engage as well as how patients 

should use the portal. Lastly, the fact that we could not find a direct relationship between facilitating 

conditions and portals satisfaction as Silver and colleagues found, could be explained based on the 

manner in which facilitating conditions is measured. We measured facilitating conditions as the amount 

of support available when using the system by asking the patients if they know where to find help in case 

of questions and if they receive enough explanation when first using the portal. Silver and colleagues 

measured if the portal was compatible with other technologies, resulting in a different interpretation of 

the construct. To my best knowledge, the relationship between facilitating conditions, as we have 

measured it, and social influence is not found in previous research. Facilitating conditions is the 

perception on how much help is available when using the patient portal. Social influence is the construct 

measuring the degree to which the patient perceives that important others believe he or she should use 

the system. The relationship that we found might be explained by patients who receive more help from 

their nurse practitioner, which increases the facilitating conditions, also feel that the nurse practitioner 

finds the use of the patient portal more important, thus increasing the social influence. This stresses the 

importance of the explanation and external motivation given by the nurse practitioners. 

Social influence heavily influences perceived performance (standardized β = 0.683). We did not 

find this in any other previous study. However, in the context of Engage, this can be explained. The nurse 

practitioner is the person who offers the use of Engage to the patients. If the nurse practitioner stresses 

how important it is that the patients uses the patient portal (higher social influence), they probably do 

this by explaining the benefits and the features of Engage to the patient. This could lead to a heighted 

perceived performance, since patients are explained better what to do in Engage. This stresses the 

importance of the nurse practitioner again in the implementation phase of the portal. If the nurse 

practitioner explains the portal well, the patients feel an increased perceived performance.   

 In our hypothesized model (figure 2), we had expected that use and satisfaction had a bi-

directional relationship. However, we found that satisfaction with the portal could not significantly 

predict the portal use. However, portal use does have a negative effect on portal satisfaction. These 

results indicate that the more often users log-in on the Engage patient portal, the less satisfied they are 

with the portal. The usage of the portal allows the patient to form an opinion about the portal. In this 
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case, patients became less satisfied when they used the portal more often. This could be explained by 

previous research by Huang (2008) who integrates irritation as a factor in the prediction of technology 

acceptance. We could speculate that irritation is increased by sustained use, which in turn decreases the 

satisfaction with the portal. In future research, the factor irritation could be added in the research model 

to see if irritation is a mediator between use and satisfaction. 

   According to the research by Lazard and colleagues (2016), we expected a negative 

relationship between effort and portal use (H1). However in H1, perceived effort is a predictor of use. In 

this study, we found that use was a predictor for perceived effort. If patients used the portal more, they 

experience the portal as less easy to use. One explanation could be that patients log-in more when they 

are unsure about how to use Engage.  

 Most patient characteristics that were measured did not have a significant relationship with 

other latent factors in the model. In fact, adding disease burden to the model decreased the model fit 

significantly, resulting in the exclusion of this construct from the final model. The patient characteristic, 

health literacy, had a negative significant effect on confidence. This is explained by the way health 

literacy is measured. A high score on health literacy means that the patient requires help with 

understanding medical information. The negative effect of health literacy on confidence can be 

explained by the fact that if patients need help with understanding medical information, their confidence 

with using a patient portal is low. In the final model, confidence does not have a significant effect on 

perceived effort, however the relationship is positive. One possible explanation could be that patients 

who have confidence in using a system as Engage, have a high digital literacy and education level, 

consequently they perceive Engage as easy to use.  

 The only significant patient characteristic is gender. The males were coded as 1 and the females 

were coded as 2. The positive effect of gender on perceived performance and portal satisfaction means 

that females were in general more satisfied with the portal and perceived a higher performance than 

males. Previous research by Venkatesh and colleagues (2003) found moderating effects of age and 

gender on the relationships of performance expectancy, effort expectancy and social influence with 

behavioral intention and a moderating effect of age on facilitating conditions and use behavior. This 

could also be expected in our study. However, this was not indicated by the modification indices in 

Lavaan. One explanation for the lack of these moderating effects could be that the model fit would not 

increase by adding these moderators since it increases the model complexity. Another reason for not 

finding a moderating effect of age on other relationships in the model was the limited variance in this 
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variable since 84% of the participants fell in the same two answer categories. In other words, there might 

be moderating effects involved in explaining the use and satisfaction with patient portals, however, we 

cannot show that based on the data collected in this research.  

 In this study, we could not find evidence for use being affected by the other latent 

variables. However, when reasoning about a possible explanation, it is highly unlikely that use is not 

affected by perceived effort, perceived performance or satisfaction with the portal. Looking into how use 

was measured we found a possible explanation for not finding any relationships to portal use. Use was 

measured with a single item, since the other item that we planned on using for factor showed very little 

variance. The one item we did use to measure use, did not have a linear scale, which might have caused 

an unrealistic distribution.  

6.2 Implications and suggestions for portal optimization 
Findings on some of the determinants of portal satisfaction have important implications for 

portal optimization and thus need some further consideration. The patient portal Engage could improve 

on multiple fronts. First of all, we would like to discuss the non-users of the patient portal. The patient 

portal is offered to the patients by nurse practitioners. These nurse practitioners only invite the patients 

they think are tech-savvy enough. As a consequence, the portal is only used by patients with advanced 

computer skills and patients with low computer skills are excluded from participation. Engage should be 

offered to more patients, we suggest a tool for the nurse practitioner to objectively assess whether a 

patient will be able to use Engage alone or if the patient needs assistance. If the patient cannot work 

with Engage individually, we suggest additional explanation or guidance to clarify the main goals of 

Engage and a training which makes it easier to use Engage. Patients might think Engage is too hard for 

them, so they might have the skills but are too afraid to try. Since the nurse practitioners are the 

‘gatekeepers’ who decide which patients are offered to use Engage and which patients are not included, 

some patients that might be able to use Engage do not get the opportunity to do so. Since the nurse 

practitioners are already over-worked, it might be a good idea for the implementation phase to have a 

specialized contact person, either somebody from Engage or one person per care group, who can voice 

the benefits for the patients and helps with all questions, in order to take some load of the nurse 

practitioners.  

In order for both non-users and users to become active on the portal, it is essential for the 

patient to see the benefits of the portal. Patient reported that they did not know why they had to use 

Engage. Which could indicate that they do not perceive the patient portal as useful. Another question 
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some patient had, is if the portal is going to replace consultation time with the care professionals. These 

questions about the intention of Engage and the replacement of consultation is caused by a lack of 

information to the patient. If the patient is only offered to use the portal, but is not explained why and 

how, it will only lead to more questions or even anxiety amongst the patients. Again, a way to do this is 

be instructing the patient better. The patients showed interested in the following ways of extra 

instruction: ten patients were interested in a short movie about the main features of Engage. We suggest 

making disease-specific movies in which it is explained what the main features for a person with that 

type of disease are in the portal. 24 patients voiced their interest in either a short pamphlet or a more 

elaborate manual about Engage. Since most patients that use Engage at the moment are between 55 

and 74 years old, they might not be of the trial-and-error-generation. The user of Engage would be more 

interested in reading a complete manual in order to get a grasp on what they could do in Engage. We 

asked the patients if they would be interested in receiving instruction in a group setting, however 

current users were not interested in this form of training.  

Another important problem we have seen with Engage are problems with logging into the portal. 

This is both for the current users as for the potential users detrimental. If patients are already not sure 

about the benefits, then they face a problem with logging in, they might lose interest overall. The 

manner in which patient can log in, should be easy while ensuring privacy and security. Two-factor 

authentication ensures this, however it could still lead to log in issues. Yet to avoid non-adoption by 

patients due to login issues they might experience, we encourage investigating new, secure and user-

friendly authentication options that may better suit an older population, for example by using single 

sign-on or biometrics during authentication (i.e. a photo of a patient’s face, a record of a patient’s voice 

or an image of a patient’s fingerprint).  

As an addition to current standard functionalities and content of the patient portal, additional 

content should be included to meet the patients’ expectations. Some patients suggested that the values 

of their measurement did not mean anything to them, because they lacked the knowledge of what fell in 

a normal range. Additionally, the use of unknown, medical terms was frustrating for some patients. A 

suggestion for optimizing this part for the patients would be to add ranges so patient know if their home 

measurements are (ab)normal and when they should call the GP’s office. Another feature that should be 

added is for every medical term that is used, a hyperlink on the term should be added with a small 

explanation of that term.  
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Some participants voiced their opinion stating that Engage is not an easy program to use, 

especially for the elderly. Since we do not know what they based this opinion on, we suggest a qualitive, 

follow-up study with patients in which we would be able to explore where the difficulties lie and how to 

improve based upon these results. 

Based on the results of the structural equation model, perceived effort and social influence are 

the most important factors in predicting patient satisfaction with the portal. In this small sample, the 

patient characteristics were not statistically significant predictors of satisfaction with the portal. This is 

not a bad thing, since we cannot change the patient characteristics, but we can improve the factors 

related to the portal and to the social influence patients experience. Since social influence and perceived 

effort turned out to be such important factors in predicting portal satisfaction, we should keep them in 

mind when improving the implementation strategy of Engage. In order to improve the satisfaction with 

the portal, the social influence could be increased by involving the home environment of the patient. A 

suggestion would be the option to fill in the contact information of a family member or other trustee, 

who receives a message with information about the portal and the option to observe the measurements 

and tasks in the portal. This way, the home environment can support the patient when using Engage. 

Also, we should make the nurse practitioner aware of the role they can fulfill in encouraging the patients 

to use Engage. For example, the patients found it important that the nurse practitioner reacted quickly 

to their questions and that all the information in the portal was up to date. If nurse practitioners react 

quickly in the portal, this expresses that the nurse practitioner thinks the use of Engage is important.    

  In order to have a quick overview of the suggestions for platform optimization, we 

included a summary; 

1. A tool is required to objectively assess whether a patient is able to use Engage. 

2. Some workload should be taken of the nurse practitioners by designating a specialized contact person 

from Engage to which patients can ask their questions.  

3. The patients should be better informed about the benefits and features of Engage by viewing disease-

specific instructional videos and a clear manual.  

4. The log in problems should be resolved by investigating secure and user-friendly authentication 

options. 

5. Engage should have additional features such as explanations about (ab)normal ranges of home 

measurements and medical terms.  

6. Engage should explore usability with the (elderly) target group and see why patients think Engage is a 
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difficult system to use in order to reduce the perceive effort.  

7. The social influence should be increased by involving family and informing nurse practitioners of their 

importance in stimulating the portal.  

6.3 Limitations and future work 

 In this research, we made use of online surveys. This could have resulted in an inclusion bias, 

since only patients who read their e-mail and are interested in Engage filled in the survey. Even though 

the latent factors from the UTAUT and the patient characteristics were measured at a relatively good 

quality, the self-reported use of the patient portal may suffer from inaccuracies. Therefore, in future 

research the different between self-reported use and objective data from Engage should be examined 

further. Additionally, it would be interesting to conduct a similar study with objective use data as an 

outcome variable instead of the self-reported use.   

Moreover, this study was conducted with users of the Engage patient portal. Although, on one 

hand, this gives us the opportunity to study the acceptance and the satisfaction with the patient portal in 

a real-life setting, on the other hand, this recruitment strategy causes an inclusion bias. Since all 

participants are or were users of the Engage patient portal, this indicates that all participants are indeed 

computer, smartphone and/or tablet users. In order to distinguish the computer literacy of participants, 

more in-depth high-level questions were asked than ‘Do you use a computer?’. Therefore, the Pharos 

Quick scan (Quickscan Digitale Vaardigheden van Je Patiënten - Pharos, 2020) was used. However, this 

validated survey was not an adequate measure for the variance in this sample. We realize that the 

patients in this sample are a very tech-savvy part of the population, which is great for using Engage, 

however in future research it is important to include patients with a lower computer literacy to reduce 

the sample bias. In addition, we used e-mail for sampling participants and thus created a selection effect, 

since patients that are more motivated are more likely to respond to the survey. Earlier work has shown 

that people with a higher social economic status have a better physical health (Wang & Geng, 2019), 

stressing the importance of including patients with a low SES in the use of patient portals. For increasing 

our understanding of the effect of social economic status and computer literacy, it is important to collect 

data from a more diverse group of patients, and see what factors affect portal use and satisfaction then. 

In order to collect data from a more diverse group, oversampling in the less prevalent groups of the 

current sample should be done or a different recruitment strategy than via e-mail should be explored, as 

for example recruiting patients at the GP’s office.  
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Another problem we face with the real-life setting is that some patients might not see self-

management as a benefit, so they might not be interested in using a patient portal at all as they would 

like to have the patient-provider relationship remain as it was. Since we only used patient that have an 

account on Engage in the sample, this caused a bias in the representativeness of the patient population. 

Since patients who don’t use Engage because they experience anxiety from patient portals are not 

included in the sample, we cannot conclude anything about the patients that were not willing to try the 

portal. Future research should also focus on these patients, since they might experience the most 

barriers in the uptake of a patient portal.    

We identified a limitation in this study concerning sample size. We had planned to recruit at 

least 120 participants to participate in this study in order to reliably perform structural equation 

modeling. However, due to the Covid-19 crisis, nurse practitioners were busier and had less time to 

include new patients in Engage. Another problem was the recruitment strategy, the nurse practitioners 

had to send out an email to the possible participants of this study. We had planned on a data collection 

of one month, however after one month, only one care group had sent out the invitation to the study. 

Numerous reminders via email and telephone and three months later, we managed to get three care 

groups to send out the initial invitation and at least one reminder to the patients. However, this 

recruitment strategy did not suffice in reaching the minimal number of participants. Nevertheless, we 

were able to find some important factors in the satisfaction of patients with the portal. Also, the 

identified problems and benefits based on the descriptive findings are valuable in the improvement of 

Engage.   

Since we did create a structural equation model based on fifty participants, we risk the problem 

of overfitting the model on the data. The reliability to test a complex model is low when the sample size 

is small. Additionally, many fit indices have as limitation that they are only valid when sample size is 

much larger than the number of parameters in the model. However, we could not comply to these 

assumptions of the fit indices. Nevertheless, the CFI score of the final SEM model indicated that the 

model almost represented the empirical data well, even though this index is not very sensitive to sample 

size.  

The data gathering in this study was a one-time survey. However, we expect that the usage of 

the portal affects the satisfaction and possibly also the factors, indicating that it is a process that we are 

interested in. The variables are likely to be subject to change and may change through the actual use of 
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Engage. We propose an alternative follow-up research in which the satisfaction of the patients can be 

measured throughout a period of time.  

6.4 Overall conclusion 

  
Despite some limitations in this study, we have shown that for most patients in this sample, 

patient portals are a welcome innovation to increase their self-management of their disease and to 

facilitate remote care. The patients were quite satisfied with the patient portal, but they did face certain 

problems. Unfortunately, the sample in this research did not represent the entire population well, since 

only people that were deemed qualified enough by the nurse practitioner were invited to participate in 

the use of Engage. We did find factors that influenced the satisfaction of patients, however we could not 

infer conclusions about all predictors of interest. Nevertheless, we found that about half of the patient 

clearly saw the benefits of the different features in Engage, leaving room for improvement especially in 

the context of information supply to the patient. Since patient portals might not be easy to use for all 

patients, we should objectively assess for which patients Engage is suitable to use without additional 

help and which patients need some additional training. If we can improve certain aspects of patient 

portals, more patients can enjoy patient portals as a promising solution for remote care.   
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Appendix A: Overview of the meaning of each construct 

Construct Definition 

Perceived effort The degree of ease related to consumers’ use of technology (Tavares & 

Oliveira, 2016) 

Perceived performance The degree to which using a technology will provide benefits to consumers 

in carrying out certain activities (Tavares & Oliveira, 2016) 

Social influence The extent to which consumers perceive that others who are important to 

them (friends, family, people who share the same disease, GP, specialist) 

believe they should use the technology (Tavares & Oliveira, 2016) 

Facilitating conditions The support available in the system (Tavares & Oliveira, 2016) 

Portal satisfaction The extent to which patients are satisfied with using the portal in a holistic 

way  

Disease burden The severity of a disease and its possible impact on daily life (Gidron, 2013) 

Socioeconomic status Status that can be determined by education, work status and income 

(Shavers, 2007) 

Computer literacy The ability to use computers, tablets or smartphones efficiently (Quickscan 

Digitale Vaardigheden van Je Patiënten - Pharos, 2020) 

Health literacy “The degree to which individuals have the capacity to obtain, process and 

understand basic health information and services needed to make 

appropriate health decisions” (Institute of Medicine, 2004) 
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Appendix B: Survey items 
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Appendix C: Python code to create graphs 
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Appendix D: R-script factor analyses 
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Appendix E: R-script structural equation model 
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Appendix F: Distribution graphs of answers 
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