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Abstract

:

Teleworking is an everyday reality in today’s world. Many companies are opting for this way of working remotely, as it improves employers’ satisfaction along with the work–life balance and it does not lead to any significant reduction in performance. In general, the comfortable use of software applications is a priority, and quality aspects such as usability are of vital importance. In this paper, a novel workflow is proposed. It consists of the following components: (1) a tool to manage usability evaluations based on expert reviews, called Usevalia; (2) a set of heuristics to be considered when performing the evaluations; (3) a catalogue of usability requirements to guide the evaluations; (4) a checklist related to the heuristics to verify that the evaluations have been performed correctly by all the auditors; and (5) a set of tasks to know in advance the functionality of the applications to be audited. Personal health records (PHRs) were taken as a case study. This methodology made it possible to involve a total of 31 working groups that evaluated the usability of four PHRs. Concerning the main results, the evaluators agreed that with Usevalia the usability evaluations could go a step further because they are coordinated and can work together remotely. In addition, analyses of usability scores provided insight into current proposals for improving usability of applications.
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1. Introduction


Information systems (IS) are key in today’s modern societies [1]. They grow over the years and are the basis of most of the technological services enjoyed daily by millions of citizens. Software development companies are struggling to stand out in a very competitive market. They are increasingly numerous and generate a significant impact on the Gross Domestic Product (GDP) of countries [2]. The key to their commercial success lies in the development of quality software products that meet users’ needs, solve their problems, and are familiar to a large majority of people [3,4].



In many areas of everyday life ISs are present, such as healthcare, banking, e-commerce, etc. Between them, the health sector moves large budgets each year with estimates of over $100 million for the largest institutions [5]. Given the size and complexity of healthcare systems, it is essential that citizens make responsible use of them in order to achieve economic sustainability [6]. In this line, personal health records (PHRs) can enhance efficient healthcare use, as they allow patients to know at all times the evolution of the diseases they are suffering from. These systems store medical data that users can consult with an electronic device. Although they are not widely known by the majority, several studies indicate a remarkable willingness on the part of patients to share their data with the medical doctors [7]. These systems can be directly connected to hospital facilities, giving rise to tethered systems. They can also be found as standalone applications, both on cell phones and PCs, which connect to a server that provides access to the data. They are usually found on the web, and users can access their profile with an ID and password to update medical data. These systems can be free or paid. Between the PHRs in web format, Kaiser Permanente stands out with 12.5 million users served in 2022 (http://about.kaiserpermanente.org/who-we-are, accessed on 27 May 2022).



Convenience in the use of IS is key to meeting the functionality demands required by users [8]. In this vein, usability has been identified as one of the most important factors determining the success of software applications [9]. Correct design of software systems is a challenge for software companies to make their products widely known in the market. It is essential that usability aspects are taken into account during the testing of the applications in order to detect flaws to correct before launching the applications to the market.



Usability evaluations become relevant when developing software applications because they allow one to detect inconveniences or small annoyances that usually occur during the use of software applications, complicating their understanding and operation. It is worth mentioning that among all the software quality factors, usability enables users to use the systems in a comfortable way [10]. Therefore, usability is important to boost the adoption of software applications [9]. In particular, it is recommended that depending on the characteristics of the system to be analysed, the usability evaluation changes, allowing one to delve into specific aspects of the systems to be analysed [11,12]. The use of computer-aided usability evaluation (CAUE) tools to assist in usability evaluation is becoming a great help to gather more information and to involve a greater number of auditors [13]. This type of system allows one to centralise the usability analysis of software systems, and might provide auditors with usability requirements catalogues, instructions to proceed to evaluate usability, access credentials to the systems to be evaluated, and so on. With these tools the evaluations are clarified before to proceed, and more accurate results may be produced.



A usability evaluation workflow for PHRs was proposed in this paper. The core of the method is based on the centralisation of tasks, using for this purpose a CAUE tool developed by the authors called Usevalia. Moreover, the following components were added to the workflow:




	
heuristics adapted to agree on the concepts in usability to be evaluated by the auditors;



	
a set of tasks to learn how PHRs work; and



	
a set of usability requirements catalogues to propose a checklist, guiding the usability assessment process.








To better understand the strengths and weaknesses of the framework, the Method Evaluation Model (MEM) adapted to PHRs was applied. MEM [14] is a theoretical model for evaluating IS design methods. It incorporates two dimensions: actual effectiveness, and adoption in practice. Moreover, it combines Rescher’s theory of methodological pragmatism, which is a theory for validating methodological knowledge [15], and the Technology Acceptance Model (TAM) [16], which is a theoretical model for explaining and predicting user acceptance of IT.



To assess whether an IS will be used, MEM is appropriate and can be adapted to a particular system. In the case of PHRs, practitioners’ perception of effectiveness was considered much more important than adoption in practice. For this purpose, the effectiveness perception parameters measured the effects on the decision to use the framework [16,17,18]. Only perception effectiveness in MEM was previously hypothesised in the literature, and it was based on TAM and the Theory of Reasoned Action (TRA).



The beliefs that influence attitudes form the basis of TRA, which in turn lead to intentions and, finally, guide or generate behaviours. TAM adapts the relationship between belief, attitude, intention, and behaviour that arises with the use of IT to a model of user acceptance. The goal of TAM is to provide insights on the factors that determine technology acceptance. Moreover, it is capable of explaining user behaviour across a broad range of end-user computing technologies and user populations with brief and theoretical descriptions [16]. In a literature review conducted by Hu et al. [19], TAM was considered a valuable and useful model to explain and predict user acceptance of IT. This characteristic was remarkable for students in a university, and executives in a business organisation context.



The usability evaluations were carried out with the proposed workflow. As a result, it was possible to analyse the usability of PHRs, shedding light on the importance of employing adapted and well-defined methods in usability evaluations on domain-specific ISs. The following research questions were proposed to organise the research:




	
RQ1. What are the main Usevalia’s evaluation results for each variable of TAM?



	
RQ2. What are the results of the usability evaluations of the PHRs?








This paper presents a novel workflow for usability evaluation. To date, there is no other approach that addresses both theoretical and practical perspectives at the same time. The theoretical merits of the workflow are that it provides auditors with access to detailed information on how to proceed with evaluations. In particular, auditors can consult a catalogue of usability requirements, to get a precise idea of how usability should be implemented in systems; usability heuristics specifically designed for e-Health systems, which allow for a deeper understanding of the specific usability aspects to be assessed in the audit; and a checklist to reinforce the usability concepts of each heuristic. In this case, the checklist consists of a set of two questions for each heuristic. The practical merit of the workflow, which is the core of the proposed approach to usability evaluation, is the CAUE Usevalia tool. This tool forms the technological infrastructure provided for usability evaluations. It is available to auditors 24/7. It consists of an electronic information system that is used by the auditors as a database for training and documentation of the usability evaluations to be carried out. In this workflow, the auditors have all the necessary materials for performing usability evaluations in a remote location, which makes it possible to reach auditors all over the world and involve them with the simplification of the evaluation tasks.



The paper is organised as follows. Section 2 describes the PHR selection protocol along with the proposed workflow for assessing the usability of PHR systems. Section 3 presents the results of the parameters that highlight the benefits of using the CAUE Usevalia tool. In addition, the results of the usability evaluations of PHRs are shown. In Section 4, both assessments are analysed. In particular, Usevalia and the PHRs are evaluated for a better understanding of the results. Finally, Section 5 presents some concluding remarks and proposes future work.




2. Materials and Methods


This section shows the components of the experiment. First, the selection protocol of the PHRs is explained. Then, the heuristics used in the usability evaluations are described. A catalogue of usability requirements is presented, which served to reinforce the evaluation process. Based on this catalogue, the checklist, extracted from the literature, is reviewed. In addition, a set of common tasks in the PHRs is proposed to guide the evaluation. The Usevalia system is also described in this section. Finally, a MEM based on TAM is introduced, exposing the strengths and weaknesses of the whole workflow.



2.1. PHRs Search


The selection of the PHRs was based on a search protocol previously proposed in literature [20]. The search string “PHR providers OR PHR website” was used in the following databases to search for PHRs: Medline, ACM Digital Library, IEEE Digital Library, and ScienceDirect. The manuscripts found were read in order to detect PHRs. Reporting quality guidelines established by the Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) group were taken into account to make the search as accurate and unbiased as possible [21]. The following inclusion criteria (IC) were taken into account: IC1, the PHR had to be free of charge and IC2, the PHR had to be available on the web. In total 19 PHRs were found.



A set of exclusion criteria (EC) were proposed in order to refine the search results. These were as follows: EC1, PHR not available; EC2, PHR not free; EC3, no login possible; EC4, PHR malfunctioning; EC5, PHR available only in the US; EC6, low popularity. In particular, EC6 could be applied by means of the Alexa tool (alexa.com/siteinfo, accessed on 27 May 2022), which allows us to rank web portals according to the number of daily visits. By observing the results obtained when assessing the popularity of web portals, a score threshold of 10 million was set to determine the low popularity of websites. This service was withdrawn on 1 May 2022 but the popularity analysis was carried out before that event.



MedsFile, EMRySTICK, Dlife, Healthy-Circles, Dr. I-Net, Telemedical, ZebraHealth, and HealthVault were disregarded in the study by EC1 Juniper Health together with myMediConnect for meeting EC2, RememberItNow! was discarded by EC3, WebMD HealthManager was rejected by EC4, and PatientPower by EC5. When using EC6, My Health Folders and My Doclopedia were removed from the results. Figure 1 summarises the entire process and shows the selected PHRs.




2.2. Usability Heuristics


Usability evaluations of IS can be carried out by using different techniques such as cognitive walkthrough, think-aloud protocol, expert evaluation, etc. In this study, expert evaluation based on heuristics was employed [22].



Heuristics formed the basis of the evaluations. There is a wide variety of heuristics proposed in the literature. Of these, the 10 Principles of Design by Nielsen are well-known (please visit nngroup.com/articles/ten-usability-heuristics, accessed on 27 May 2022). They have been widely used in a vast number of studies. The heuristic can be adapted when evaluating particular ISs such as PHRs. In this study, a collection of heuristics based on the 10 Principles of Design by Nielsen, specially designed for eHealth systems, was employed [23]. They are as follows:




	
Match: enable the graphic components in the user interface meets the mental model of users;



	
Visibility: make visible that the system is processing;



	
Memory: give information to the users on how to perform a task in the system;



	
Minimalist: displayed only the basic information and avoid unnecessary elements in the GUI;



	
Error: warn users from an error and provide information to solve it;



	
Consistency: make easy to separate visually the different sections of the web page;



	
Control: allow to undo or cancel any action taken in the system; and



	
Flexibility: keep past actions on an historical log to allow reuse.








A checklist was also used [23], aiming at guaranteeing that the concepts considered in the evaluations between the auditors were the same. A total of two mapping questions were posed to this end. In addition, a usability software requirements catalogue was considered in this action. The catalogue in usability requirements was proposed by the authors of the paper and was validated in previous studies [24]. It is available at https://docentis.inf.um.es/catalogue/ (accessed on 27 May 2022) (user & password: requisite. It is required to filter the results to find the usability catalogue). The checklist is depicted in Table 1.




2.3. Tasks Performance


A collection of tasks were performed before to proceed with the usability evaluations. PHRs have particular functionalities in health, which had to be known by the auditors. To this end, the tasks were related with the common uses that can be done in these ISs. Moreover, a total of two user profiles, medical staff and patient, were taken into account to define with more accuracy the tasks in the evaluations [25,26]. The user profiles allowed us to simulate the mental model of the typical user when actions are taken in the PHRs. Moreover, recommendations from the American Health Information Management Association (AHIMA) were considered by the time of proposing the tasks [27]. These features provided a more complete evaluation of the PHR. Table 2 shows all the tasks carried out by the auditors before giving a score to each heuristics and go deep down in the assessments.




2.4. Usevalia Tool


Usevalia is an automated heuristic inspection-based tool for usability audits. It supports multi-users audits so that a team can work simultaneously on the same audit. The usability audit process in Usevalia starts when the chief auditor logs in with the username and password. Once logged in, any user has two options: (1) define the application to be audited, and (2) define the catalogue of usability guidelines to be used in the audit. When selecting the web application to be evaluated, the user must fill in a form, indicating the name, link address, web category, and description of the application. Next, define the scoring scheme that will be used to evaluate each of the usability guidelines. The scoring scheme can be created or deleted in the tool’s database. When creating a scoring scheme, each of the values is indicated (e.g., high, medium, low). The tool does not allow the auditors to delete a scoring scheme in the database. The teams of auditors that will participate in the usability audit are also managed within the same tool by the chief auditor. Thereby, when creating an audit team, the name of the team and the users who will play the audit role must be selected together with the team description. An audit group cannot be deleted if it has been associated with an audit until the audit is closed.



The chief auditor can import a catalogue that will be used to assess the system under test in a new audit. A repository of templates can be accessed from the Upload/Download catalogue page to create a collection of guidelines or to reuse a previously defined catalogue (see Figure 2). The catalogues are stored in CSV files, which Usevalia reads as follows. In the first row, the priorities are listed from lowest to highest. In the following rows can be found the items of the catalogue. In the first column appears the title. Moreover, the guidelines of the catalogue are indicated in the second column. For each guideline, the following information is stored: identifier, name, description, and priority. In the form, the catalogue’s title, the team to which it will belong, the scoring scheme, and the read/write permissions must be filled in before uploading the catalogue. The chief auditor is the only one who can delete the catalogue from the application when it is not being used in another audit. A catalogue employed in the usability evaluations of the PHRs can be downloaded in CSV format at http://umubox.um.es/index.php/s/IDWChOi6jy6uAyS (accessed on 27 May 2022).



Subsequently, the chief auditor defines the type of audit (e.g., basic, standard, task-based). Next, the auditor or team of auditors can start to evaluate the application by using the pre-loaded guideline catalogue. Each auditor then performs the heuristic evaluation. If there are x days left before the end of the audit, the system sends a reminder e-mail to the auditors performing the assessment so that they are aware that the time limit is running out. Once the audit expiration time is over, the audit is automatically closed.



Finally, Usevalia allows one to create, delete, evaluate, close, reopen, generate, and display the statistics of an audit. Some of the statistics displayed are: the total percentage of passed and failed guidelines in the audit, the number of auditors who have indicated a guideline as passed/failed, and the number of passed/failed guidelines at each priority level. Once the lead auditor has selected an audit to generate a report, they will receive a link to download the report. The file will be in PDF format and will contain all information related to the selected audit. The tool is available to the HCI community at the following address https://giis.inf.um.es:446/drupal2/usevalia (accessed on 27 May 2022). It is worth noting that the Usevalia interface was first structured following the authors’ experience on web design, and secondly the usability of this interface was evaluated by means of the authors’ usability evaluation workflow, which provided some tips to improve the final design. In terms of user experience, Usevalia is a user-friendly system. This application is an aid to auditors in usability evaluations, as they can find all the information they need to carry out the audits. The system interface is simple and intuitive. In Usevalia, all options are displayed in a column on the left side at all times. Specifically, the menu displayed in the left-hand column consists of the following sections: Apps, Auditor Groups, Scoring Scales, Catalogues and Audits. In the first option, Apps, it is possible to create, edit or delete a record of an application to be assessed. Basic information about the app is stored in each record: name, category, URL, and a brief description. The second option stores the participants who will perform the audits. This information is editable at any time. In the next option it is possible to create different scales to score the heuristics considered in each usability evaluation. To guide the usability, it is possible to consult usability catalogues in the following option along with the checklist. Finally, the Audits option allows us to manage the outcome of the audit work. Figure 2 shows an example of the look and feel of Usevalia.




2.5. Usability Assessment Protocol


Usability evaluation is a complex task. A protocol has to be established so that all auditors perform an evaluation under the same conditions [28]. The whole evaluation protocol consisted of the following items: (1) Usevalia tool, (2) adapted heuristics, (3) performance of the proposed tasks and, finally, (4) the evaluation of the PHRs based on the heuristics and the checklist, keeping the usability requirements catalogue available for the auditors. All this information was held in Usevalia, and the auditors could consult it at any time in any place with an electronic device. Figure 3 shows the whole workflow, with an audit process of HealthVet using the CAUE Usevalia tool.



In this study, the audits were conducted by experts in usability employing Usevalia. The experts had experience in user interface design and software quality factors such as accessibility and usability. In particular, the work was carried out by students of the User Interfaces course, which is a subject taught in the first semester of the fourth year of the Degree in Computer Science at the University of Murcia. This subject deals with aspects of the design of graphical user interfaces from the perspective of the software quality. In groups of two, students chose the PHR to be evaluated between the ones presented in Section 2.1. The first step carried out in the evaluations was to perform all the tasks proposed in Table 2. After a thorough examination of the PHR, each one of the heuristics was scored on a Likert scale ranging from 1 (i.e., very little supported) to 5 (i.e., very well supported). A value of 0 meant not supported.




2.6. Method Evaluation Model (MEM)


In this paper, a total of 7 variables were defined to assess the experience of employing Usevalia. These variables were determined using MEM [17], which was adapted to assess the skills and knowledge of auditors to perform usability audits with the CAUE tool. The variables were classified into 4 types: (1) performance-based variables, which measure how well subjects can use a tool to conduct usability audits in the PHR realm (i.e., effectiveness and productivity); (2) perception-based variables, which measure the perceived usefulness (PU), perceived ease of use (PEU), and perceived attitude (PA) that subjects believe a usability audit tool has; (3) intention-based variable, which measure the perceived intention of auditors to conduct audits with Usevalia (i.e., intention to use), and (4) behaviour-based variable, which measures the actual usage of Usevalia in the PHR audits (i.e., actual usage).



Figure 4 depicts MEM adapted to the audit of PHRs based on Usevalia and TAM, which are both employed in the study. It is a reduced TAM, excluding behaviour-based and performance-based variables. In this context, the behaviour-based variable (i.e., actual usage) is not evaluated because, on the research side, several prior empirical studies have reported a strong, significant causal link between intention to use and actual behaviour [17,19,29,30]. It is thought that the degree to which Usevalia was easy to use, as perceived by auditors, affected both their perception of the usefulness of the tool and their attitude toward using the tool in general. Attitude is also influenced by the level of the tool’s usefulness, as perceived by the auditors.



The TAM questionnaire on the use of Usevalia was filled in by a total of 22 students of the user interfaces course who carried out the usability evaluations. All these students shared a common background concerning user interface evaluation. This questionnaire contained a total of 18 questions and was divided into 3 blocks. They were the following ones: Block 1: PU; Block 2: PEU; and Block 3: PA. Block 1 was composed of questions Q1–Q12, Block 2 consisted of questions Q13–Q16, and Block 3 encompassed questions Q17–Q18 (see Table 3).





3. Results


This section presents the results of the evaluation of the benefits of using the Usevalia tool together with the usability assessments of the PHRs. Subsections relating to the research questions have been created for a better structuring of the information.



3.1. RQ1. What Are the Main Usevalia’s Evaluation Results for Each Variable of TAM?


The goal was to employ TAM to investigate user’s behaviour by means of the PEU, PU, and PA variables.



3.1.1. Perceived Usefulness (PU)


Looking at the results obtained for PU, it can be said that, in general, students perceive Usevalia as a useful tool for conducting usability audits. For example, 72.72% thought that the use of Usevalia would improve students’ performance in human–computer interaction (HCI) (Q1). Only 4.54% of the respondents think that it would not help them in the teaching–learning process of HCI subjects (Q2). Along the same lines, 63.63% consider Usevalia to be a step forward in carrying out usability audits (Q3), while 59.09% agree that it is better than Microsoft Excel™ for carrying out usability audits, specifically audits with heuristics evaluation (Q12). Also, 45.45% agreed that the tool handles users and user roles well enough to be used in a real project (Q5), and 27.27% indicated that they disagreed with this aspect.



Regarding the implemented functionalities, 54.54% agreed that the included web categories (Q6) and the different types of predefined tasks associated with the web categories (Q7) seems to be sufficient to represent all web pages/applications. A total of 77.27% of students consider that the different types of evaluation (Basic, Standard, Task-based) of the tool seem to be sufficient to evaluate an audit (Q8). Also, 81.81% agreed that the reports generated by the tool helped to understand the final results of an audit (Q10), whereas only 13.63% did not agree that the Usevalia graphs were useful to interpret the audit results (Q11). Finally, 68.18% considered that Usevalia streamlines the audit assessment process (Q9). Figure 5 shows number of responses for the items related to PU.




3.1.2. Perceived Ease of Use (PEU)


Concerning the PEU, the analysed data indicate that 59.09% of respondents consider that learning how to use Usevalia is easy (Q13). On the other hand, 68.18% find the interaction with this tool to be clear and understandable (Q14). Another aspect was to assess the intuitiveness of the steps to follow in the tool before creating an audit (Q15). In this case, 54.54% of respondents agree or strongly agree with this statement, whereas the percentage of respondents who disagree or disagree respectively is 13.63%. Finally, 59.09% agreed or strongly agreed that they had no problems in using and understanding the way in which Usevalia works (Q16). Figure 6 depicts number of responses for the items related to PEU.




3.1.3. Perceived Attitude (PA)


Regarding the PA, half of the respondents would use Usevalia to conduct usability audits (Q17). Moreover, 45.45% would use it to improve their performance in the HCI course, whereas only 18.18% consider that they would not (Q18). Figure 7 shows the number of responses for the items related to PA.




3.1.4. Correlations


The correlation analyses have shown significant relationships between the variables included in TAM (see Table 4). The values obtained for the correlations ranged from r = 0.546 to r = 0.853. The highest correlation coefficients were found between PA and PU (r = 0.853; p = 0.000), followed by the relationship between PEU and PU (r = 0.637; p = 0.001), and finally between PA and PEU (r = 0.546; p = 0.009).





3.2. RQ2. What Are the Results of the Usability Evaluations of the PHRs?


A total of 7 groups of auditors participated in the usability evaluation of the HealthVet portal, 4 groups analysed the NoMoreClipBoard portal, 15 groups studied the usability of PatientsLikeMe and 5 groups were in charge of evaluating Health Companion. The auditors were randomly grouped in groups of two. No particular characteristics were taken into account in the auditors’ associations. The scores given to each heuristic were averaged with the tasks, providing an estimate of the level of implementation of the heuristic in the PHRs. These average values are shown in Table 5, Table 6, Table 7, Table 8 and Table 9. Moreover, all the results of the usability evaluations can be found at http://umubox.um.es/index.php/s/IDWChOi6jy6uAyS (accessed on 27 May 2022), in the UsabilityEvaluations.xlsx file.



In this study, a score greater than or equal to 3.5 out of 5 was taken as a considerable level of usability [31,32]. The average of all scores given by auditors across all the PHRs was 3.43. Usability assessments with values higher than 3.5 were analysed in detail in Section 4. Based on the results, it can be observed that the Match stood out in all the PHRs. A high score in this heuristic indicates that the terminology used in these systems is similar to the one that can be used in the real world, avoiding confusion when selecting the actions to be carried out. The Visibility heuristic was highlighted in the PHRs NoMoreClipBoard and PatientsLikeMe. The fact that these PHRs received a high score on this heuristic indicated that both systems are very visual, and they display enough information for a more comfortable use of the system. The heuristic Memory stood out in the PHRs HealthVet, NoMoreClipBoard, and Health Companion. This result shows that the PHRs were more convenient to use, as there was sufficient information at all times to know how to perform the tasks in the system. The Minimalist heuristic stood out in the PHRs PatientsLikeMe and Health Companion. This result shows that in these systems only the information needed to perform the tasks was displayed in a summarised form. The Error heuristic scored one of the lowest values. This shows that the system did not indicate sufficiently in advance and with enough information when a PHR error was going to occur. In HealthVet, NoMoreClipBoard, and Health Companion, the Consistency heuristic stood out. This indicated that it was generally easy to find the information sought in the system. In HealthVet and Health Companion, the Control heuristic stood out, which is related to the possibility of being able to do and undo actions in the systems. Finally, the Flexibility heuristic stood out in Health Companion. This result tells that the system offers several alternatives to perform the same task.





4. Discussion


The results shown above were evaluated to draw the main findings of the study, dividing the section according to the research questions. In particular, how the use of the Usevalia tool influenced the usability evaluations was evaluated. In addition, an analysis of the results obtained in the usability evaluations was carried out.



4.1. RQ1. What Are the Main Usevalia’s Evaluation Results for Each Variable of TAM?


The present study empirically validates TAM from the perspective of using an audit system to assess the usability of PHR systems, investigating the difference between conducting an audit with an automated tool, and manual audits with a checklist. The results of this study offer significant implications for the acceptance of Usevalia both in academia and in practice. Based on the results of the evaluation of TAM variables, this study positively addresses the data collected, the factors, and the users’ intention to use Usevalia for usability audits.



Several studies agree on the positive and significant relationship between TAM variables (PEU, PA and PU) [33,34,35]. The two most important variables in predicting the development of a technological tool with TAM are PU and PEU [36,37], which have a direct relationship with the variable Intention to Use [38]. The PU assesses the degree to which respondents believe that the use of Usevalia can improve the usability audit process [34], which is an important aspect to evaluate as it has been shown to have a direct influence on the use of the tool by users [39]. According to the results, Usevalia was considered a step forward (Q3). However, there is a large percentage of respondents who in many cases were neutral about whether or not Usevalia improves the usability audit process (31.81%).



The second variable considered crucial is the PEU, which evaluates the degree to which respondents consider that Usevalia will not require any extra effort to use it [34]. The results can be considered very positive, as all questions related to this aspect received more than 60% favourable responses. The results indicate that users had no difficulties in handling the Usevalia CAUE tool. Because the respondents are familiar with certain types of social software, in this case, the good results obtained in this respect can be associated with the fact that it is a simple tool to use.



The PEU variable showed a significant influence on users’ intention to employ a system in a specific context, such as online banking services [40]. In the context of conducting usability audits, a system to support the audit process such as the CAUE tool Usevalia is used by individuals for specific purposes. Therefore, individuals are primarily concerned with whether or not the services offered by the system are useful to improve and simplify the audit process. If individuals perceive that, although the system is easy to use, it does not improve their auditing activities, their attitude towards the use of Usevalia will not improve in any way.



Another important aspect to take into account when assessing the acceptance of a tool is the extent to which users are interested in using it. This is done by analysing the attitude variable, which indicates the user’s willingness to employ the tool [16]. It can be said that the users’ attitude is quite favourable. In all the questions related to this variable, the answers of the respondents have been quite positive, since in all cases the majority have agreed or strongly agreed. Usevalia would be used by respondents if they needed to perform usability audits. On the other hand, the percentage who disagreed or strongly disagreed was low (15%).



The correlation analyses were carried out to test the relationships between the different variables included in the model. The results showed that all the variables were significantly and positively related, which validates the idea that these factors are of vital importance in the acceptance or use of a given system [41,42].




4.2. RQ2. What Are the Results of the Usability Evaluations of the PHRs?


This section has been subdivided by PHRs. For each PHR, heuristics with a score greater than or equal to 3.5 were studied. This threshold was set to find out which heuristics stood out from the rest. The results of the usability evaluation of the eHealth portals were used to highlight features of the GUIs that improve usability.



4.2.1. HealthVet


HealthVet offers support to ex-military personnel during the recovery process for the after-effects they suffer from. An average score of more than 3.5 was obtained in half of the heuristics. The heuristics were as follows: Match (3.96), Memory (3.67), Consistency (3.88), and Control (3.81).




Match (3.96)


HealthVet is a health system developed by the US government, which is aimed at former exercise veterans. It has a strong government iconographic presence which brings officialdom to the web portal. This feature enhances the Match heuristic as it makes the web portal familiar to military members who have routinely looked at the iconography in the past [43,44]. In addition, it has two types of account, basic and premium. The basic account allows any user to upload medical information to the portal. The premium account offers greater functionality, allowing one to view electronic medical history registered with the US Department of Veterans Affairs (VA), send secure messages to the VA medical team, manage VA appointments, and download health summaries. The use of this type of account is restricted to members of the US military, which distinguishes them from other users in a similar way to premium services in the real world. In addition to being distinctive, premium products have been shown to attract user attention [45]. Concerning quality assessment studies of premium software, it was observed that this type of application has better quality attributes [46]. Various methodologies have been employed to design premium software. In one of them, all stakeholder viewpoints were collected in a single structural view, showing the central decision in the architectural design [47]. In another, a new customer learning framework based on synergies between blocks of both direct and indirect learning processes is proposed to design freemium and premium versions of the software [48]. The development of software with premium features should be put in place to improve quality.




Memory (3.67)


The Memory heuristic also stood out in this PHR. In HealthVet, it is very common to find comments indicating what can be performed in each of the widgets. This information allows speeding up the tasks to be performed in the PHR, because they reduce the search time for information of interest. This type of information is important in GUI design. In literature, Offer Informative Feedback has been identified as one of the most cited GUI design principles [49]. In particular, the messages displayed in HealthVet are descriptive and can be found without logging into the portal. This feature claims to use the system. Furthermore, the short messages guarantee that they can be read, which avoids the well-known tl;dr (i.e., too long; didn’t read) [50]. Some examples of small explanatory sentences can be found in Figure 8.




Consistency (3.88)


The Consistency heuristic also featured prominently in this PHR. In HealthVet, users are encouraged to use the web services. In addition, social awareness is promoted, aiming to generate a sense of community with calls to action for participation in activities and sign up in the web portal. This information is separated in HealthVet with a section named My community (See Figure 9), which brings Consistency to the portal. This section aims at giving support to ex-military personnel in their medical situations. It allows one to know about stories from the members, download mobile applications for healthcare, participate in volunteer programs, and give access to a newsletter. All the information is presented with simple and easy-to-understand nomenclature.



An example of the usefulness of appropriate information dissemination could be the case of mental health treatment, which is of vital importance, especially in critical situations such as the current COVID-19 pandemic. Patients who already have some kind of mental pathology suffer a greater impact in this exceptional situation [51], particularly in anxiety, depression, stress, and distress [52]. Moreover, there is a prevalence of major depressive disorder of around 45% [53]. In the literature, supports for coping with mental health were grouped into 4 categories: (1) informational (training, guidelines, prevention programs); (2) instrumental (personal protective equipment, protection protocols); (3) organisational (staff allocation, work schedules, reorganisation of facilities/structures, provision of rest areas); and (4) emotional and psychological (psychoeducation and training, mental health support team, peer support and counseling, therapy, digital platforms and telecare). This categorisation of mental support sought to generate interventions and guidelines that would enable governments to develop evidence-based policies to prevent or reduce the immediate and long-term impact of critical mental health conditions [54]. HealthVet covers each of the 4 categories mentioned above, impacting on the usability of the system as well.




Control (3.81)


HealthVet allows one to delete all health records entered manually in the Track Health section. It could not be ascertained in this study whether this functionality is available for premium users. In addition, there is also a HealthVet switchboard phone number at the bottom of the page for any issues regarding the use of the PHR. Customer service is a common service that is necessary in order to provide confidence to the customer when deciding to subscribe to a service or product [55]. HealthVet links to a telephone number for veterans in crisis, called the Veterans Crisis Line (http://www.veteranscrisisline.net/, accessed on 27 May 2022) and visible in both the header and footer. This emergency service has been studied in literature and has proven to be effective and successful in critical situations [56,57]. The availability on the part of the VA is undeniable with the presence of these forms of communication. In addition to telephone numbers, there is also the possibility of communicating by SMS, confidential chat, and teletypewriter (TTY). The diversity of ways to contact the customer in HealthVet was particularly varied. This characteristic empowers the users to employ the service offered in the web portal [55,58]. It has been shown that the fact that users have control over the information stored on web portals improves usability, increasing the sense of security of personal information displayed on the IS. This is an important feature in a PHR aimed at ex-military personnel [59].




4.2.2. NoMoreClipBoard


As in the previous PHR, in NoMoreClipBoard half of the heuristics obtained an average score higher than 3.5. These were Match (3.91), Visibility (3.52), Memory (3.60), and Consistency (3.60).




Match (3.91)


NoMoreClipBoard is aimed at all audiences. This PHR stood out from the rest by displaying all medical information when entering the user profile. This feature can generate cognitive overload [60]. To address this drawback, the system organises medical information into thematic icons, making it easy to quickly locate the information of interest. It has been shown in literature that a strong presence of thematic icons in web portals facilitates locating system options without creating misconceptions [61]. Essential usability concepts have also been studied concerning thematic icons. In this regard, user-centred interface design approaches were carried out in the literature. As a result, (1) user cognitive load, (2) effectiveness, (3) usage efficiency, and (4) user impressions were usability concepts that stood out from the rest [62]. The use of thematic icons drawn from the real world has a direct impact on these 4 usability factors. Therefore, in situations of information overload, it is advisable to have ways of organising the information displayed on the screen that build confidence in the use of the system [63]. Figure 10 shows the icons present in NoMoreClipBoard. As an example, in the documents section, a folder is shown; in the medications section, a pill logo is depicted; in the current illnesses section, a thermometer and a hot-water bottle are displayed. This way of presenting information was unique to NoMoreClipBord. By using these icons, real-world concepts are expressed and users quickly benefit from their association.




Visibility (3.52)


NoMoreClipBoard is a system with a strong presence of descriptive icons. It stands out for offering mechanisms that make it easier to find clickable links. These are a change of colour in the widget, a change of the mouse pointer icon and underline or not the hyperlink. These ways of identifying clickable links on web portals is well known. However, it may result in a cumbersome use of the web page when it presents an overload of widgets [64,65]. In fact, it has been found that the use of technology can lead to digital overload, which can negatively affect user exhaustion and performance [66]. Visual attention in a viewing area varies depending on the device used. On mobile devices visual attention is driven by a combination of bottom-up and top-down processes. However on a computer screen, visual attention follows a primarily top-down process. Highlighting web page links with a certain colour helps to attract attention and increases the users’ sense of control when performing a task in the system. Because searching for links on web pages is likely to be done from the top left to the bottom right, research suggests that a link to a website that is in the top left corner or displayed in a different colour in the middle area will attract users’ attention and provide a more effective user experience [67]. The aforementioned features can be found especially in the user profile of NoMoreClipBoard, boosting the Visibility heuristic.




Memory (3.60)


The Memory heuristic is enhanced in this PHR with informative messages. These messages indicate what can be done in the widgets. In particular, the messages displayed in NoMoreClipBoard are less abundant and more schematic than those found in HealthVet (see Figure 10). In any case, this favours rapid reading of the messages. It is important to note that the format of the messages is adapted to the use that will be made of them, so that they do not go unnoticed [68,69]. NoMoreClipBoard has a feature called Member Review. This feature allows for the display of a compilation of all the medical information sections in the PHR. In addition, it allows one to take a guided tour in order to check and complete the health data. During the Member Review tour, informative messages with brief instructions are displayed.



Exposing informative messages does not always lead to a better user experience of the PHRs. It has been observed that feedback is not always well received in decision making, and can even generate discomfort. This situation has a particular impact on clinical staff, who do not always welcome recommendations on their diagnostic performance. Therefore, it is advisable to analyse the way in which feedback is presented to the users of a system [70,71,72]. In this sense, the disabling of informative messages could be welcomed by experienced users of the PHR. NoMoreClipBoard is not aimed at any particular target audience. It is not intended to be a diagnostic tool, far from it. The messages found in this system are simple and general, making the Memory heuristic gain relevance for an acceptable level of usability of the PHR.




Consistency (3.60)


NoMoreClipBoard has a mechanism to speed up data loading, avoiding manual data entry. This feature is called cc:me. Its name is related to the concept of sending e-mails to copied senders. Each user has a cc:me address or a unique barcode that can be shown to the physician to dump medical information into the user’s profile. Naming this utility this way emphasises the Consistency heuristic, because the cc:me widget is associated with sending the medical data to the patient. This characteristic allows patients to have access to the information and prevents it from being stored in the facility, giving access only to physicians. Figure 11 shows the cc:me card downloadable in the user profile.



There must be alternatives to automate the entry of medical data into PHRs. This would save time for users, who would only have to check that the data entered are correct. The Lazy User Model has been used to demonstrate that when physicians manage consumers’ health information, it is the preferred solution, because it requires the least effort from patients and physicians [73]. On the other hand, this type of technological proposals have to be accompanied by mechanisms for storing and sending health data, ensuring maintenance and quality control [74]. Various mechanisms have been proposed in the literature to facilitate access to health information from multiple sources. To this end, blockchain smart contracts can be developed to manage access to medical information by patients, physicians, and healthcare providers [75]. In addition, an access control model based on the credibility of the requesting user can be implemented. This mechanism quantifies user trust based on historical visit records in the system, and the trend of historical user behaviour with regression analysis models. The results showed that the accuracy of trust and prediction of trust trends was better than with existing models [73].




4.2.3. PatientsLikeMe


In a total of 3 heuristics, the mean score was higher than 3.5 in PatientsLikeMe. The heuristics were: Match (3.63), Visibility (3.55), and Minimalist (3.51).




Match (3.63)


In the header of the PatientsLikeMe Home there is a widget that enhances the concept of logical order of information stated in the Match heuristic (see Figure 12). This widget shows a set of text boxes that organise the information in a certain way. First, there is the Heal Together, Get Connected text box. In addition, there is a small piece of information from one of the PatientsLikeMe Staff Members. The Staff Members provide medical news in the PHR, motivating users to maintain a healthy lifestyle. Within the aforementioned section, it is possible to click on the Connect link. The purpose of this button is to access the profile of the Staff Member and communicate any remark. Subsequently, there is the Get Answers text box, which displays messages inviting users to learn more about the most common medical conditions. This section links to a small medical library with easy-to-read and brief information. Finally, there is a text box called Take Charge with which the attention of users is attempted to be captured for building the medical profile.



Individuals’ reasoning suggests that it comes from thinking beyond premises and using prior knowledge. It has been analysed how divergent thinking can be a predictor of logical reasoning. As a result, originality, in addition to fluency and cognitive ability, was a predictor of logical reasoning [76]. Along these lines, many researchers are beginning to consider the possibility of combining external knowledge in dialogue systems by using neural networks to generate informative and context-specific responses [77]. Endowing these systems with divergent thinking could facilitate the use of dynamic widgets that change the information in a logical way in order to capture the attention of the users. The aforementioned sections could be adapted to the context of each user in order to promote self-care.




Visibility (3.55)


PatientsLikeMe has a particular mood query functionality for users. On a daily basis, members can answer a short question in which different moods are represented with a Likert scale. This scale uses icons ranging from very bad to very good (see Figure 13). The results are stored in the PHR, showing the answers of the last 2 weeks in a graph of the Home. The objectives of this widget are multiple. The fact that it is displayed as soon as one enters the PHR gives importance to the widget. It has been shown that maintaining a good mood allows one to face a medical situation in better conditions [78]. In addition, there is a higher success rate in medical treatments when faced with a positive attitude [79]. The user by viewing the mood history can be aware of the internal situation and try to improve it if a negative mood history is accumulated. In this vein, humans are more likely to try to adapt their mood towards positivity when they receive positive messages [80,81]. A positive history of mood states could help to maintain patients’ good mood. On the other hand, this feature allows the discovery of aspects of daily life in users that promote positivity, which can be exploited to feed back good moods [82,83]. There are many therapies that have proven to be effective in favour of positivity such as laughter therapy, music therapy, etc. [84]. PatientsLikeMe could add simple widgets based on these types of therapies that would enhance the good mood of patients. In summary, displaying the information visually highlighted with mood icons and history allow to address a feature, such as mood, that medical professionals cannot address except with medication.




Minimalist (3.51)


Generally speaking, PatientsLikeMe is a PHR that presents a minimalist design. The use of the yellow colour facilitates minimalism, since yellow is one of the colours most easily captured by the human eye [85]. The colour palette selected in PatientsLikeMe makes it easier reading the text and locating the icons, boosting HCI. How the colours of widgets impacts the efficiency of visual search has been studied [86]. Participants in one experiment found GUI objects more quickly when medium luminance contrast was used rather than low- or high-luminance contrast [87]. By using mainly white shades, this quality is more likely to be fulfilled and make the search for information in the PHR more effective. In this way, minimalism has a positive impact on usability. Another aspect to note in the simplicity of the PatientsLikeMe’s GUI is that the widgets are widely separated from each other. This feature provides convenience when using the PHR. However, the icons displayed are 2D (flat icons). It has been observed that the use of 3D icons (pneumorphic icons) better captures the attention of users [88].




4.2.4. Health Companion


Health Companion was the PHR in which the most heuristics obtained a mean score higher than 3.5. This result may tentatively lead one to think that it is the PHR with the best usability of all those analysed. In total, there were 6 heuristics with a score higher than 3.5, and they were as follows: Match (4.17), Memory (4.19), Minimalist (4.26), Consistency (4.25), Control (3.82), and Flexibility (3.83).




Match (4.17)


Health Companion is characterised by displaying health information grouped in blocks (see Figure 14). Each of these blocks has a highlighted title to quickly find the information of interest. Clicking on the title opens the box and displays more information. This way of organising information reduces the cognitive load [89]. In addition, it allows information to be depicted in a thematic order, which has an impact on the Match heuristic. It has been studied how users perceive the information represented on web pages in terms of visual aesthetics. In this regard, visual complexity is one of the prominent aesthetic characteristics. As an example, the results showed an impact on the preference for using web pages depending on this aspect. In addition, a moderating effect on customers’ purchase interest in e-commerce portals was observed depending on the complexity of the web page [90].




Memory (4.19)


Upon entering the PHR, a set of buttons related to health records appears on the right (highlighted in Figure 14). The first widget is called Get More Health Records and offers two alternatives: Express Records Request and Manual Upload. In the former, health data can be requested from the physician by sending an email from Health Companion. The PHR itself has an e-mail client embedded in the system to send and receive e-mails from physicians. In the latter, documents with health data can be uploaded to the system. The next widget, Share Health Records, offers two alternatives: Share Account with Family and Share Health Records with Healthcare Providers. Users can create profiles for family members and configure on this page the access they give family members to their medical data. Another option is to allow physicians to access the medical data documents mentioned above. For this, the caregiver’s e-mail address is required. In the widgets mentioned, Get More Health Records and Share Health Records, detailed information appears to explain what each of the options in each widget consists of (see Figure 14). These explanations prevent errors when managing medical data in the PHR.



There must be an appropriate balance between the number of widgets and the design of the web page. In the literature, the aesthetics of a large set of web pages were analysed. The results showed significant differences between aesthetic and non-aesthetic web pages, taking into account aspects such as the position and average number of widgets [91]. In addition, deep learning was used to automatically calculate and quantify the aesthetics of web pages [92]. For this purpose, user rating data was used. The findings that are looming in these studies should be considered to obtain more aesthetic GUIs in order and attract the attention of users.




Minimalist (4.26)


The Minimalist heuristic obtained the highest average usability score in Health Companion. In fact, this PHR features a minimalist web design. Some aspects to highlight about the GUI are the existence of a simple colour scheme, without degraded colours, with the use of blue, orange, white, and grey. This set of colours generates an appropriate contrast, which facilitates the extraction of information on the web portal, and is important for its minimalist design. The colouring of web portals is fundamental in order to capture the attention of users. However, there are not many studies in literature that analyse the design of web pages that guarantee success [93]. A framework has been proposed in literature that allows for the generation of automatic colouring of web pages based on several design objectives, which are: appropriate visual contrasts, multicolour compatibility, and semantic associations. For this purpose, probabilistic data-driven models were used. The results confirmed that the system-generated designs were preferable to those generated by laypersons [94]. Another noteworthy aspect of Health Companion’s minimalist design is that it offers a GUI that is not overloaded. The use of the PHR may be influenced by this feature. It was analysed in the literature whether participants of a survey responded differently depending on how the questions were displayed on the web page. In particular, all questions were shown on a single web page in one case, and only one question on each page in another case. Most participants preferred the one-item-per-page format, even though this format was more time-consuming [95]. Health Companion is in line with this design alternative, boosting the Minimalist heuristic.




Consistency (4.25)


Health Companion uses strong colour contrasts to visually separate sections of the web portal. This is one of the features highlighted by the Consistency heuristic. On the welcome screen, white and dark blue shades are primarily displayed. These separate clickable objects and text boxes. In addition, animations when the cursor is located over clickable widgets can be observed. These animations range from gradual transitions to another colour, enlargement of the widget size, or underlining of words in the same way as in hyperlinks. These aspects considered in the aesthetic design of the GUI impact end users on the continuity in the use of an application [96].




Control (3.82)


Data entered in Health Companion can be deleted at any time. Only one exception was detected in the Activity Log section. Health Companion allows one to send e-mails with a client embedded in the system. Files containing health information can be attached to these e-mails. In addition, e-mails can only be sent to a collection of medical doctors stored in the PHR by the user. They can consult these files and thus have additional information when making diagnoses. The Activity Log is a reference that contains the timestamp of the sent e-mails. Preventing its deletion ensures that the health information provided to doctors has not been corrupted.



Widespread adoption of PHRs is hampered by technological factors such as security and privacy, between others [97]. Different mechanisms have been proposed in order to strengthen security and privacy in PHRs. As an example, an access control based on Lagrange interpolation was proposed to guarantee the security and confidentiality of health records. This mechanism allows the random generation of private keys between which there is no relation, making it difficult to crack the system [98]. New encryption schemes have also been proposed for distributed storage of clinical data, preventing the system from being vulnerable to single-point attacks [99]. An important gap has been detected in the lack of the definition of architecture standards for interfaces and data models to ensure privacy and security [100]. In this regard, a combined encryption and decryption architecture has been proposed, with AES and RSA encryption mechanisms, to encrypt medical records. The result is a more robust decentralised electronic medical record (EMR) repository [101].




Flexibility (3.83)


Shortcuts to the main functionalities of the system can be found in the Health Companion user profile. This feature reinforces the concept proposed in the Flexibility heuristic. The presence of shortcuts saves time for users [102]. However, alternatives to shortcuts have been proposed to make it even faster to complete the tasks. In the literature, it has been hypothesised to use sketches to learn the usage intentions in the systems, avoiding the user to access nested menus or memorise keyboard shortcuts. For this purpose, software has been used that allows the user to draw sketches on the GUI [103]. Another alternative is Guided Finger-Aware Shortcuts which aims to reduce the gap between graphical input and the activation of a shortcut. When a specific hand posture is used to press a key, this interaction approach detects it and allows complementary finger movements to select between related shortcuts if desired [104]. These options could be valued in the future when determining the HCI of systems.






5. Conclusions


This paper has proposed a new workflow particularly designed for usability assessments. Moreover, it has analysed the outcome of applying a methodology in which decentralisation is encouraged. Decentralisation is gaining relevance in today’s world for the promotion of access and protection of health data [105]. New decentralised technological approaches can involve a greater number of participants in audit processes, generating more extensive and detailed results [106].



The auditor’s satisfaction in using the CAUE Usevalia tool was evaluated. According to TAM, the variables evaluated have a great influence on the final use of the system [107], in this case, the application of Usevalia to perform usability audits based on heuristic inspection. The results obtained have been positive, so the evaluation of the use of Usevalia by users showed satisfactory results. By using TAM, the relationship between three variables was investigated: PEU, PA and PU. Most of the causal relationships between the variables are well supported, and the study reaffirms the appropriateness of applying TAM to measure user acceptance of the technology.



The system was found to be directly influenced by PEU, PA, and PU. The results illustrate that PEU is a key element [34] linking the variables PUand PA. This suggests that it is important to foster the user’s self-confidence that the system is easy to use. Technology is advancing rapidly and society needs time to adapt to the changes brought about by the arrival of new systems. If users find it difficult to use a system, they may genuinely believe that the system is too difficult to use and that the benefits they will gain are not worth the effort.



The usability results were analysed. The Match heuristic scored the highest, with a mean value of 3.92. This result comes from all the usability evaluations conducted in this study. This heuristic promotes that there are no major differences in terminology and the way information is presented between the real and virtual world. This finding suggests that the development of PHRs has so far focused on this approach, reducing the cognitive load [108]. This is relevant, as PHRs are intended for a wide audience, and their use should be as simple as possible [97].



A virtual environment as an alternative to the real world has great advantages for the healthcare sector [109]. Mechanisms need to be found to extend the use of PHRs. Between the alternatives, enhancing the automatic uploading of medical data from the facilities could a priori generate a wider audience. This idea is in line with the Lazy User Model [110] on the study of how actors make decisions in IS to perform the tasks. Uploading huge amounts of medical information can become an overwhelming task for users, and as a result, abandon the PHR. However, simply reviewing and querying medical data by patients would generate comfort. Several PHRs addressed this option. In NoMoreClipBoard, the feature cc:me was found, which allows the medical specialist to automatically send the information to the patient’s profile. In HealthVet, the data is displayed for premium users. It is worth noting that such practices may create responsibilities for health data. In this vein, ensuring privacy and security is crucial. Fervent debates have been generated in the academic community about the appropriateness of giving users full power over their health data [111,112].



The sense of work overload when uploading medical data to the PHR was attemped to be alleviated and motivated by offering socialisation alternatives, which improve coping conditions among patients [113]. PatientsLikeMe focuses on the concept of social networking. Users must at least indicate their conditions in order to contact other users who also have the same diseases. By receiving support from other patients, they benefit from the use of the PHR, which is the main objective. On the HealthVet portal, they promote the concept of community among ex-members in the US military. Although the PHR is not a means of communication with other users, a multitude of actions are presented to connect users in the real world with the My community section. In NoMoreClipBoard and Health Companion, no options for socialisation between users were found, although Heath Companion has recently launched the mobile application, which allows video conferencing with medical doctors. This feature of socialisation between users in the PHRs could be related to their success. The popularity of web portals was observed in the Alexa™ ranking. The results showed that those PHRs with user-to-user socialisation options ranked higher, with HealthVet ranking 2907th in popularity, PatientsLikeMe 256,628th, NoMoreClipBoard 1,598,077th and Health Companion 2,463,289th.



As future work, we propose to further develop the Usevalia tool in order to provide it with more functionality. To this end, technical features will be added to allow usability evaluations based on other methods that do not focus solely and exclusively on expert review. In addition, the possibility of extending usability evaluations to other areas such as banking, e-commerce or digital newspapers, where advertising can be very intrusive, and there is a need for mass-use web portals to be studied from a usability perspective.



Automatic testing of GUI designs could be employed to detect inconsistency issues. Widget detection in GUIs has been identified as one of the biggest challenges in automatic GUI testing [114]. This type of test is important, as they allow gathering information about triggering sequences of GUI failures. This type of test detects unnecessary events, which can be eliminated. Research results showed algorithms that obtained an effective detection rate of more than 95.4% of irrelevant events in failure sequences, by using a processing time of about 10 s [115]. Therefore, these tools should be analysed to produce GUIs more attractive to users.
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	IT
	Information Technology



	IS
	Information System
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	Method Evaluation Model



	PA
	Perceived Attitude



	PC
	Personal Computer



	PDF
	Portable Document Format



	PEU
	Perceived Ease of Use



	PHR
	Personal Health Record



	PRISMA
	Preferred Reporting Items for Systematic reviews and Meta-Analysis



	PU
	Perceived Usefulness



	RSA
	Rivest, Shamir, Adleman



	SMS
	Short Message Service



	TAM
	Technology Acceptance Model
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	Theory of Reasoned Action



	TTY
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	US
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Figure 1. Research flow chart. 
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Figure 2. Usevalia’s upload catalogue functionality. The * indicates that the data is mandatory. 
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Figure 3. Workflow followed in the usability assessments. 
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Figure 4. MEM adapted to the audit of PHR systems based on Usevalia. 
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Figure 5. Number of responses for items related to PU. 
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Figure 6. Number of responses for items related to PEU. 
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Figure 7. Number of responses for items related to PA. 
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Figure 8. HealthVet screen captures. 
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Figure 9. My community section in HealthVet. 
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Figure 10. NoMoreClipBoard screen capture. 
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Figure 11. Cc:me feature in NoMoreClipBoard. 
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Figure 12. PatientsLikeMe Home. 
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Figure 13. DailyMe feature. 
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Figure 14. Health Companion screen captures. 
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Table 1. Proposed checklist to guide usability evaluation.
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	Heuristic
	Mapping Questions





	H1. Match
	Is the way in which the terminology of PHRs is presented familiar?



	
	Do the screens displayed in the PHR follow a logical order?



	H2. Visibility
	Are clickable widgets visually highlighted?



	
	Is it noticeable that the system takes excessive time to respond?



	H3. Memory
	Is there detailed information on how to perform the tasks?



	
	Can default options be found when choosing in the data menus?



	H4. Minimalist
	Is only the necessary information displayed?



	
	Is it possible to decide whether to show the information or not?



	H5. Error
	Does the system check user interaction to warn of possible failure?



	
	Do messages appear warning about the severity of user actions?



	H6. Consistency
	Is there consistency in the naming of different widgets that do the same thing?



	
	Is the grammatical style used and the terminology of the menus consistent?



	H7. Control
	Does the system allows to cancel a task action?



	
	Can I change the actions performed by users?



	H8. Flexibility
	Is there a possibility to use shortcuts when tasks have repetitive actions?



	
	Does the system offer templates that can be used in case of unnecessary actions?
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Table 2. The collection of the tasks performed in the usability evaluation.
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	TASK 01: System Registration



	TASK 02: System login



	TASK 03: Create profile



	TASK 04: Access profile



	TASK 05: Access to 3rd parties management



	TASK 06: Managing the medical history profile of family members



	TASK 07: Managing the patient’s drugs



	TASK 08: Allergies management



	TASK 09: Vaccines management



	TASK 10: Diseases management



	TASK 11: Check current drugs



	TASK 12: Generate a report



	TASK 13: Check the evolution of glucose



	TASK 14: Encyclopaedia of conditions



	TASK 15: Export a collection of medical data



	TASK 16: Schedule reminders for medical appointments and medication



	TASK 17: Contact customer service or send a suggestion



	TASK 18: Access to privacy policy



	TASK 19: Log out



	TASK 20: Password recovery
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Table 3. TAM questionnaire used for the evaluation of Usevalia.






Table 3. TAM questionnaire used for the evaluation of Usevalia.





	
ID

	
Statements






	
Block 1: Perceived Usefulness (PU)




	
Q01

	
Using Usevalia would improve my performance on the HCI course




	
Q02

	
Usevalia would favour the teaching-learning process of the HCI subject




	
Q03

	
I consider that Usevalia represents a step forward in conducting usability audits.




	
Q04

	
I would conduct future usability audits using Usevalia




	
Q05

	
The tool manages users and user roles sufficiently well to be used in a real project




	
Q06

	
The web categories seem to be sufficient to represent all the websites/applications




	
Q07

	
The different types of predefined tasks associated with the web categories seem sufficient to represent all the websites/applications




	
Q08

	
The different types of evaluation (Basic, Standard, Task Based) in the tool seem sufficient to evaluate an audit




	
Q09

	
Usevalia streamlines the audit evaluation process




	
Q10

	
The reports generated by the tool help me understand the end result of an audit




	
Q11

	
I find Usevalia’s graphs useful, as they provide interesting data on the audit




	
Q12

	
Usevalia is better than Microsoft Excel™ for performing usability audits, specifically audits with a heuristic evaluation




	
Block 2: Perceived Ease of Use (PEU)




	
Q13

	
Learning to use Usevalia would be easy for me




	
Q14

	
I consider that my interaction with Usevalia would be clear and understandable




	
Q15

	
The steps to follow in the tool before creating an audit are intuitive




	
Q16

	
In general, I have no problems using and understanding the operation of Usevalia




	
Block 3: Perceived Attitude (PA)




	
Q17

	
I would use Usevalia if I needed to perform usability audits




	
Q18

	
I would use Usevalia to improve my performance on the HCI course
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Table 4. Matrix of correlations between the variables of TAM.
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	PU
	PEU
	PA





	PU
	1
	0.637 **
	0.853 **



	PEU
	
	1
	0.546 **



	PA
	
	
	1







** Correlation is significant at the 0.01 level (2-tailed).
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Table 5. Average usability assessments in HealthVet.
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HealthVet




	

	
A

	
B

	
C

	
D

	
E

	
F

	
G

	
Average






	
H1. Match

	
3.10

	
3.00

	
4.78

	
3.85

	
3.95

	
5.00

	
4.05

	
3.96




	
H2. Visibility

	
2.75

	
2.70

	
4.56

	
3.70

	
4.35

	
1.72

	
3.75

	
3.36




	
H3. Memory

	
3.20

	
2.85

	
4.28

	
3.55

	
4.45

	
3.61

	
3.75

	
3.67




	
H4. Minimalist

	
2.85

	
2.70

	
4.72

	
3.05

	
3.85

	
2.50

	
4.20

	
3.41




	
H5. Error

	
2.55

	
3.05

	
4.39

	
2.70

	
3.95

	
2.94

	
1.70

	
3.04




	
H6. Consistency

	
3.30

	
2.70

	
4.17

	
4.25

	
3.90

	
4.78

	
4.10

	
3.88




	
H7. Control

	
2.90

	
3.00

	
4.89

	
2.70

	
4.45

	
4.61

	
4.15

	
3.81




	
H8. Flexibility

	
2.25

	
2.70

	
4.78

	
1.10

	
3.95

	
4.61

	
4.30

	
3.38
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Table 6. Average usability assessments in NoMoreClipBoard.
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NoMoreClipBoard




	

	
H

	
I

	
J

	
K

	
Average






	
H1. Match

	
4.35

	
5.00

	
2.65

	
3.65

	
3.91




	
H2. Visibility

	
3.18

	
5.00

	
2.15

	
3.75

	
3.52




	
H3. Memory

	
4.24

	
5.00

	
1.80

	
3.35

	
3.60




	
H4. Minimalist

	
2.71

	
4.71

	
2.75

	
3.10

	
3.32




	
H5. Error

	
3.82

	
3.53

	
0.90

	
1.80

	
2.51




	
H6. Consistency

	
4.18

	
4.82

	
2.15

	
3.25

	
3.60




	
H7. Control

	
3.71

	
4.88

	
1.70

	
2.20

	
3.12




	
H8. Flexibility

	
4.06

	
5.00

	
1.00

	
2.35

	
3.10
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Table 7. Average usability assessments in PatientsLikeMe (1 of 2).
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PatientsLikeMe




	

	
L

	
M

	
N

	
O

	
P

	
Q

	
R

	
S






	
H1. Match

	
3.00

	
4.29

	
4.29

	
2.55

	
2.90

	
4.79

	
3.50

	
4.29




	
H2. Visibility

	
2.55

	
4.43

	
3.29

	
2.55

	
2.80

	
5.00

	
3.75

	
5.00




	
H3. Memory

	
2.10

	
4.50

	
3.93

	
2.85

	
2.50

	
4.50

	
3.75

	
4.93




	
H4. Minimalist

	
2.60

	
4.36

	
3.79

	
2.55

	
2.65

	
4.07

	
3.50

	
4.29




	
H5. Error

	
2.50

	
4.08

	
3.64

	
2.70

	
2.40

	
4.31

	
3.40

	
4.43




	
H6. Consistency

	
2.75

	
3.69

	
3.79

	
2.85

	
2.95

	
4.79

	
3.80

	
4.43




	
H7. Control

	
2.20

	
3.86

	
3.57

	
2.95

	
2.45

	
4.50

	
3.05

	
4.86




	
H8. Flexibility

	
2.70

	
4.15

	
3.64

	
2.45

	
2.45

	
4.50

	
3.40

	
4.29
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Table 8. Average usability assessments in PatientsLikeMe (2 of 2).
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PatientsLikeMe




	

	
T

	
U

	
V

	
W

	
X

	
Y

	
Z

	
Average






	
H1. Match

	
2.45

	
3.43

	
4.73

	
2.25

	
4.29

	
5.00

	
2.75

	
3.63




	
H2. Visibility

	
2.10

	
5.00

	
3.91

	
1.95

	
3.50

	
4.79

	
2.60

	
3.55




	
H3. Memory

	
1.95

	
3.43

	
4.09

	
2.20

	
3.36

	
4.86

	
2.55

	
3.43




	
H4. Minimalist

	
2.30

	
4.86

	
4.27

	
2.15

	
4.29

	
4.86

	
2.20

	
3.51




	
H5. Error

	
2.95

	
3.57

	
4.27

	
2.00

	
3.64

	
4.86

	
2.00

	
3.38




	
H6. Consistency

	
2.20

	
4.00

	
3.27

	
1.65

	
4.64

	
4.64

	
2.85

	
3.49




	
H7. Control

	
2.65

	
3.71

	
3.18

	
2.00

	
2.86

	
4.57

	
2.25

	
3.24




	
H8. Flexibility

	
1.45

	
3.07

	
3.09

	
0.00

	
2.86

	
4.29

	
2.05

	
2.96
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Table 9. Average usability assessments in Health Companion.
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Health Companion




	

	
AA

	
AB

	
AC

	
AD

	
AE

	
Average






	
H1. Match

	
4.50

	
4.50

	
4.00

	
3.25

	
4.59

	
4.17




	
H2. Visibility

	
3.70

	
3.06

	
2.61

	
3.50

	
4.06

	
3.39




	
H3. Memory

	
4.25

	
4.00

	
4.44

	
3.45

	
4.82

	
4.19




	
H4. Minimalist

	
4.45

	
4.39

	
4.78

	
3.35

	
4.35

	
4.26




	
H5. Error

	
4.50

	
0.89

	
4.39

	
3.00

	
4.00

	
3.36




	
H6. Consistency

	
4.25

	
4.50

	
4.78

	
3.20

	
4.53

	
4.25




	
H7. Control

	
4.20

	
2.22

	
4.61

	
3.30

	
4.76

	
3.82




	
H8. Flexibility

	
4.35

	
3.00

	
4.44

	
3.35

	
4.00

	
3.83
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