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Introduction: As the demand for comprehensive patient records grows, dental practices increasingly adopt Electronic Dental Records
(EDRs). This study evaluates the usability of the Salud EDR application implemented at the College of Dentistry, King Saud bin
Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia, focusing on potential users without prior experience using the
application to identify usability challenges and areas for improvement. Theoretical frameworks such as the Technology Acceptance
Model (TAM) and Diffusion of Innovation (DOI) were employed to contextualize the findings.

Methods: A cross-sectional study design was employed, integrating both qualitative and quantitative methods. Think-Aloud sessions
captured participants’ cognitive processes during task completion, while semi-structured Exit Interviews provided insights into their
overall experience and feedback. The System Usability Scale (SUS) questionnaire measured satisfaction, and navigation pathways
were analyzed to compare task performance between potential users and an experienced user.

Results: Potential users required significantly more clicks to complete tasks than experienced users, indicating navigation challenges.
The SUS questionnaire yielded a mean score of 31.1, categorized as “not acceptable”, reflecting low Perceived Usefulness and Ease of
Use as outlined by TAM. DOI attributes such as high Complexity and low Compatibility were also evident in user feedback. Exit
Interviews revealed that participants found the interface complex, with design issues such as unclear icons and terminology further
complicating navigation.

Discussion: The findings underscore the need for interface design improvements, including clearer icons, terminology, and navigation
pathways, to enhance usability and satisfaction. The application of TAM and DOI frameworks provided a structured lens to interpret
usability challenges and inform targeted recommendations. This study demonstrates the importance of usability testing in identifying
and addressing challenges in EDR systems, contributing to better user experiences and more effective adoption.
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Introduction
Electronic Health Records (EHRs) are vital to patients’ overall healthcare. As the drive for comprehensive patient health,
Electronic Patient Records gain momentum in the medical field, and more dental practices are integrating Electronic
Dental Records (EDR) into their operations.1 Electronic Health Record (EHR) often refers to systems that collect,
manage, and share patient health information. An EDR is a type of record that consists of various components which can
be easily accessed and stored. Its primary function is to record all of the relevant information related to a patient, patient
identification data, medical history, and treatment plan.’

Before a patient visit, the dental practice’s staff members could use an EDR to manage various tasks related to the
patient’s visit. They could also query insurance status, register patients, and manage other office activities.’

The use of Electronic Patient Records (EPRs) is becoming increasingly important in the healthcare sector, as it
provides comprehensive patient health information. Electronic Dental Records (EDRs) are a type of EPR specifically
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designed for dental practices. Their primary purpose is to store and access relevant patient data, such as patient
identification data, medical history, and treatment plans.1 Before a patient visit, dental staff can use an EDR to manage
various tasks related to the visit, such as querying insurance status and registering patients.’> Despite the long-standing
presence of both medical and dental fields, there has been limited research on the adoption of information technology
(IT) in dentistry compared to medicine.*”’

Despite the obstacles and limitations of EHR, data collected through EHR are still beneficial to researchers. It can
help improve care quality and patient safety by enabling quality assessment which can aid the identification of areas of
improvement to support a better healthcare delivery.

The functional requirements of an EHR are different from one facility to another. In dental schools, patients’ dental
clinics are often housed and operated by the school. Dental students’ productivity and clinical experiences are tracked as
part of academically focused programs.’

The use of Electronic Health Records (EHRs) in dental schools has been shown to be beneficial for researchers, as the
data collected can help improve care quality and patient safety. Quality assessment enabled by EHRs can aid in the
identification of areas of improvement to support better healthcare delivery.’ However, the functional requirements of an
EHR vary from one facility to another. For example, the College of Dentistry at KSAU-HS implemented an Electronic
Dental Record (EDR) system called Salud. This system was first developed in Dublin Dental University Hospital in the
1990s and is uniquely suited to meet the needs of the dental industry.® The use of EDRs in dental schools allows for the
tracking of dental students’ productivity and clinical experiences as part of academically focused programs.” It is a web-
based platform designed to manage patient records and workflows.

The implementation of an Electronic Dental Record (EDR) system is a complex process, requiring the consideration
of various factors such as patient record standards, format, and content. However, existing dental informatics standards
do not provide sufficient support for the design of user-friendly interfaces for dentistry-related applications.' To evaluate
the usability and user satisfaction of an EDR system, usability tests can be employed.” Usability testing is a critical
component in ensuring the effectiveness of an EDR system,'” as it allows developers to measure users’ performance in
completing tasks and identify areas that need improvement.'' Additionally, usability testing helps determine how long
participants can complete a specific task and identify any factors that may affect users’ performance.

In this study, the method of usability was applied to the EDR system, Salud, to have an overview of the user’s
acceptance of the application and what challenges Salud users’ may face. In addition, the study measured the satisfaction
level of the potential users. This study has chosen potential users as the target population solely because new users can
present non-biased data. Studies with experienced participants tend to produce biased data and inconclusive results.
Usability testing studies have shown that tests with potential users are far better than conducting them with experienced
users.'? This conclusion is reinforced by a study conducted by Google that revealed differences in how employees
evaluate their company’s and competing products, where the employees have given their company’s product a higher
rating than a competitor’s product. Google’s study indicates the importance of potential users in usability tests to avoid
bias.'?

Also, this study aims to answer the question of “How to improve the Salud app usability to promote optimal dental
health”. This question is subdivided into further sub-questions that state “What are the usability challenges and areas of
improvement?” and “What are the acceptance and satisfaction levels of the Dental Electronic Record Salud based on the
usability evaluation method?”

Method

Multiple evaluation methods were applied in this study that covered qualitative and quantitative methods. The Think-
Aloud method was applied to cover the qualitative approach, while the System Usability Scale (SUS) questionnaire was
used to cover the quantitative approach. In addition, Exit interviews with semi-structured, open-ended questions were
conducted at the end of each evaluation session for each participant to assess their overall experience as a qualitative
research method. An exploratory sequential mixed-methods design was used, where qualitative findings informed
quantitative analysis. The study also aligned with the STARE-HI (Standards for Reporting of Evaluation in Health
Informatics) guidelines to enhance methodological rigor.
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The Think-Aloud method was adopted by Nielsen.'* It is a technique that asks users to verbalize their thoughts and
feelings while interacting with a system, application, or tool. It is a beneficial technique for capturing various cognitive
activities of users while interacting with Salud for evaluation purposes.'’

The System Usability Scale (SUS) questionnaire was used to measure the participants’ satisfaction levels. The SUS
questionnaire measures effectiveness, efficiency, and satisfaction. The SUS tool has been used extensively in the
evaluation of various systems. Its usefulness has been acknowledged by Bangor, Kortum, and Miller.'®

The Exit interview consists of semi-structured open-ended questions conducted at the end of the evaluation session.
The objective of an exit interview is to evaluate a participant’s overall experience to identify opportunities for
improvement and better engagement.'’

The study was conducted at the College of Dentistry at KSAU-HS in Riyadh City and approved by King Abdullah
International Medical Research Center (KAIMRC) under approval #SP21R/432/10. The study subjects included volun-
teer dental students participating in the study. All participants signed the informed consent, and all guidelines under the
Declaration of Helsinki were followed. Participant’s inclusion criteria: (1) The age of participants must be 18 years old or
older, (2) 4™ year Dental college students that have no experience using Salud before participating, (3) Dental college
students using Salud as a part of the Dental program study plan, and (4) Participants who are willing to participate in the
evaluation session and have their voice and screen interaction recorded for analysis purposes only.

In the usability evaluation study, voice recording and screen interaction would be essential outcomes for statistical
purposes. The study excluded participants who were younger than 18 years old and those who had prior familiarity with
the evaluated application to avoid any bias. The researchers also excluded participants unwilling to have their voice and
screen interaction recorded during the evaluation session for analysis purposes only.

A smaller sample size is recommended if a targeted population is homogenous, as it will result in participants
experiencing the same issues.” According to Nielsen, usability testing with five to nine participants is efficient, see
Figure 1.4

The participants were selected using the Snowball sampling technique as a recruitment technique to reach the sample
size and maintain the inclusion criteria. All participants signed a consent form before participating. The Think-Aloud
method was explained to all participants verbally, and a short video explaining the Think-Aloud method was displayed to
all participants (n=9) before their participation session. All the sessions were held in a computer laboratory at the College
of Dentistry at KSAU-HS. The participants were assigned a workstation with a computer equipped with Salud and asked
to complete seven tasks without help from the Researcher.
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Figure | Relationship between the identified usability problems and the number of participants, adopted from Nielsen.'*
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Each session included only three people: a participant, an observer, and an IT support technician. The observer was
always present during the study sessions, while the IT support technician was not present but ready in case of any
technical issues. The observer was standing at the back of the room not to disturb the participants or cause any stress. All
participants were encouraged to express their thoughts verbally out loud during tasks. Whenever a participant remained
silent, the observer encouraged the participant to speak out loud about their views.

After completing the required tasks and employing the Think-Aloud method, each participant was asked to fill in
a (SUS) questionnaire to measure the satisfaction level of the Salud application. At the end of each participation session,
each participant went through an exit interview with semi-structured open-ended questions of five questions to measure
the participants’ overall experience.

To incorporate Technology Acceptance Model (TAM) and Diffusion of Innovation (DOI) into the analysis, existing
qualitative data from Think-Aloud sessions and exit interviews were reviewed to identify themes related to Perceived
Usefulness, Perceived Ease of Use, Relative Advantage, Compatibility, and Complexity. Quantitative data, including
SUS scores, were reinterpreted to assess user perceptions through the lens of these frameworks. This secondary analysis
provided a structured theoretical basis to contextualize usability challenges and recommendations.

Results

The researchers conducted three types of analysis in this study. First, the navigation pathways to complete each task are
quantified by the number of clicks compared to an intern dentist who is an experienced Salud user. Second, conducting
(SUS) questionnaire to measure the potential user’s satisfaction with Salud. Third, conducting a qualitative analysis of
the participant’s session recordings and the exit interview responses.

Pathways Navigation Analysis
Navigation pathways are quantified by the number of clicks required to complete a task. Tasks included entering data into
Salud covering a patient’s medical history, medication list, allergy, dental charting, progress, clinical notes, medication,
and treatment plan. Table 1 shows the number of clicks of each participant for each task, including an expert user. The
required number of clicks to complete each task was demonstrated by an intern dentist with prior experience using Salud,
illustrated in Table 1 under column (E). Table 2 shows the numbers of whether tasks were completed or failed and/or
participants opted out.

Out of the 63 tasks performed by all participants, only 5 (7.9%) have been completed. Some participants have
expressed their request to skip or opt out of some tasks as they expressed that they reached a dead end; approximately
(11%) of the failed tasks were tasks that were not completed or skipped.

Table | The Number of Clicks for Experienced Users and Potential Users to Complete Tasks

Index Tasks E|PI |P2|P3 | P4 |P5|P6|P7|P8| P9 | Mean
| Entering Medical history 8| 7 10 [ 10] 6 141 4 |27 | 4 10 10.2
2 Entering Medication list 8 19| 5 8 [ 23 | 10| 12| II 5 9 1.3
3 Entering Patient Allergy 8|2 | 5 1310 14] 15| 8 7 9 11.8
4 Entering Dental charting 6| 8 7 9 6 I (2210 ] 13 ] 30 12.8
5 Entering Progress/Clinical notes | 4 | 20 | 8 16 | 7 7 133 8 7 10 12.8
6 Prescribing Medication 6 6 6 12120 12| 13| 17| 9 6 1.2
7 Entering a Treatment plan 91 8 7 3 17 112 ] 12| Il 12 | 15 10.7

Notes: E: Experienced user; PI-P9: Represents the number of each participant.
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Table 2 Completed/Failed Tasks

Tasks Pl | P2 (P3| P4 | P5|P6|P7|P8|P9
I | Entering Medical history F F F F F F F F F
2 | Entering Medication list F F F F F F F F F
3 | Entering Patient Allergy C F F F C F F F F
4 | Entering Dental charting C F F F F F F F F

5 | Entering Progress/Clinical notes F F F F F F F F F

6 | Prescribing Medication C F F F F F C F F

7 | Entering a Treatment plan F F F F F F F F F

Abbreviations: F, Failed/opted out; C, Complete.

Many failed tasks relate to participants’ inability to enter data into Salud. This is because an edit icon must be clicked
before entering data, corresponding to (25.3%) of the failed tasks. Participants’ mean of clicks for each task, including
skipped tasks, corresponds to a higher number of clicks than an experienced intern dentist student.

SUS Quantitative Analysis

The (SUS) questionnaire was given to all participants (n=9) who completed the Think-Aloud method, and the mean
result was 31.1, see Table 3. The mean (SUS) score is converted to a grading scale (A, B, C, D, and F) in addition to an
adjective rating that includes (Worst Imaginable, Poor, OK, Good, Excellent, and Best Imaginable) developed by Bangor
et al, see Figure 2.'® The figure illustrates the SUS mean scores for the grading scale and adjective rating.

Figure 2 shows that a score of 70 is the minimum score for a system to be acceptable. The participants’ responses
resulted in a mean (SUS) score of 31.1 with a standard deviation of 17.4. According to Bangor et al, the result of Salud’s
usability from a potential user perspective can be expressed in terms of adjective ratings, such as “not acceptable”, and in
terms of grading scales with an “F” Grade.'® The potential users of 4th-year students with no prior experience with Salud
have expressed their satisfaction with the application’s usability with an “F” grade and “not acceptable” in terms of
adjective rating.

Table 3 (SUS)
Scores for All
Participants

P Score
Pl 375
P2 62.5
P3 215
P4 10
P5 225
P6 35
P7 20
P8 20
P9 60
Mean | 31.1
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Figure 2 SUS score (Source: Bangor'®).

Think-Aloud and Exit Interview Analysis

The thematic analysis process of each session was done manually, and no software was used for the analysis. In general,
various opinions were recorded, and we came across multiple themes during the thematic analysis. Some of these
opinions are discussed further in this section. Most of the verbalized thoughts pertain to the difficulty of the user interface
and how they were not completely satisfied with the user interface.

One of the participants stated, “it looks old”. Because it has a basic design that is not colorful and attractive for a new
user, another participant expressed his thoughts on the Salud user interface “it looks like windows XP, and it looks old”.

Many participants navigated through Salud with different pathways that included more clicks than the experienced
user demonstrated. Only one of the five completed tasks was completed (20%) with the same pathway navigation as an
experienced user.

A crucial step in opening a patient file was clicking the “Show patient yellow card” button. On the patient yellow card
page, the “comp Tx plan” button was there, and this button opened a page that had everything related to the patient’s
treatment plan. Many participants did not click on either button or wandered away by clicking anything randomly.

One participant utilized the “help” button while performing tasks to search for the right place to enter (dental
charting). Although the help button was used, the participant expressed that it was not helping her to find the right
pathway to enter dental charting. The help button offers a search bar, but when searching for (Dental charting) a guide
appears that contains a long text and multiple steps to be followed to reach (Dental charting). The participant said that it
was a long text, and she was unwilling to read it; see Table 4 for a list of typical challenges faced by potential users.

The first three tasks required to be performed by participants, which were “Entering Medical history”, “Entering
Medication list”, and “Entering Patient Allergy” were on the same page. Participants only needed to scroll down the page
to see the drop-down menu for the second and third tasks to complete those three tasks. Nearly all participants have not
scrolled down; only two did and located where the patient’s allergy is situated. The page had a scroll bar on the right side,
but the participant did not notice it.

Some participant reaches a page that has the first three tasks “Entering Medical history”, “Entering Medication list”,
and “Entering Patient Allergy”. But the tasks asked were specifically to enter data into the fields of “Medical history”,

Table 4 List of Typical Challenges Faced by Potential Users
Encountered Using Salud

Design of the interface

The “Help” button not being clear & concise

The page scroll down/up bar is not noticeable

“Show patient yellow card” & “comp Tx plan” not being clear
“edit” button not being clear

o U1 AW N —

The “Back” button was not present.
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“Medication list”, and “Patient Allergy”. To enter data into these fields, the participants need to click on an “Edit” icon to
be able to enter data. The “Edit” icon was small, on top of the page, and it was not clear to participants as a crucial step to
enter data.

A noticeable behavior occurring with all participants was that whenever they felt they made a wrong step, they closed
the window and re-opened it. This is because a “Back” button was not present. A “Back” button could save users time
and effort if present.

The overall thematic analysis of the Think-Aloud session resulted in two recurring themes for many participants. The
first theme and most commonly encountered was hesitation. Participants kept asking if they were on the right pathway
and if they had completed the task or not. The second theme encountered was worry. Participants kept asking if it was the
same EDR they would use next semester when they started work in the dental clinics.

The reanalysis highlighted significant correlations between SUS scores and TAM/DOI constructs. Low SUS scores
reflected poor Perceived Usefulness and Ease of Use, while qualitative feedback pointed to high Complexity and low
Compatibility. The absence of Relative Advantage and limited Trialability were also evident in user comments,
emphasizing the need for interface redesign and enhanced user training programs.

During the exit interviews, a question was asked about things they liked about Salud. The majority responded with
their dislike, except for one participant, who said he liked the description of icons when a cursor is pointed at them; he
said, “it was helpful because icons themselves were not very descriptive”. Another participant expressed that it is good to
have a “help” button in case of confusion, but it was not helping as it resulted in tedious text.

On the contrary, a question asked if there are things they dislike about Salud. Three participants expressed their
dislike of the design. Words such as “old” and “complex” are in most interview questions’ answers.

Last, we gave participants a chance to suggest ideas for improvements. One participant expressed, “it needs previous
knowledge and a training course”, which is part of the curriculum at the college of dentistry before entering dental
clinics. Another participant expressed, “it should be more friendly with first-time users”, which entails the necessity for
a first-time user-friendly interface design and approachable to student expectations.

Discussion

The study was performed on the 4™ year dental student with no prior experience with Salud, which could suggest a result
more on the negative spectrum due to the lack of familiarity with the app. On the other hand, potential users are essential
for usability test studies to have a non-bias result. Nielsen suggests performing usability testing on realistic users, not
experienced users.'* College of Dentistry 4™ dental students are considered realistic with their familiar background in
dentistry and ability to understand the tasks. Their lack of prior experience with Salud gives non-biased usability testing
results.

Performing usability testing with the Think-Aloud method has suggested that pathway navigation through the app is
not exclusive to a singular pathway. Table 1 shows that an experienced user demonstrates the number of clicks required
to finish a task is not the shortest pathway but the standard pathway. There are faster pathways that people with extensive
experience with Salud are aware of; they were not mentioned in the study because they are not definitive and to avoid
confusion.

Participants’ perceptions of the study results’ importance could differ because the study was held in a computer lab
rather than a clinic, where they would feel more responsible for completing a task. Furthermore, the study could not be
carried out at the dental clinics because the Think-Aloud method was the usability testing method.

One of the participants expressed his feeling regarding the user interface in comparison to other EDR systems. He
said that “the EDR implemented in the National Guard Hospital Affair (NGHA) hospital, Dental department looks cooler
than Salud because the EDR implemented in the NGHA hospital is more colorful and easier on the eyes”.

We observed that in the beginning, the first three steps of each task were all correct by all participants; those steps are
related to selecting a patient file. A crucial step following selecting a patient file was to click on “show patient yellow
card”, which led to the actual patient file. The term “yellow card” was not familiar to participants. On the other hand,
some participants have navigated through the app employing multiple tedious clicks that lead them to open a patient file
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Table 5 List of Recommendations to Enhance the Usability of Salud

Index Recommendations

| Design a consistent icons shape, size, and color to enhance the user’s interaction satisfaction with the user-interface

2 Improve the “Help” button design to be clear; concise, and more prominent on all pages.
3 Emphasize the scroll down/up bar to fill all the fields on a lengthy page.
4 Customizing terminology, such as “Show patient yellow card” and “comp Tx plan” into more straightforward terms with fewer

abbreviations.

5 Improve the “Edit” button design to be clear and concise and emphasize the importance of the button to enter data.
6 Add a “Back” button to avoid closing and re-opening windows.
7 Make the Salud more flexible to customizability to remove unnecessary functions, menus, or change terms.

without clicking on “show patient yellow card”. This concludes that there are ways to navigate through Salud that are
unconventional.

After reaching a patient file through an unconventional pathway longer than the standard pathway, many participants
did not utilize an “edit” icon; instead, most of the participants double-clicked on data entering boxes, which did not allow
them to edit.

In 2003, Payne et al proposed that more research should be conducted in the design stages to avoid generating
unnecessary order sets. The findings indicated that system complexity could be reduced through fewer windows. Also, to
reduce mental workload, color classification for each main menu user interface to help gain a more user-friendly
interface.'®

Based on the finding of Salud usability testing from the potential users’ perspective, a list of recommendations is
discussed that could be used to have a user-friendly Salud interface. Table 5 shows a list of recommendations to enhance
the usability of Salud.

A consistent icon design and size throughout the app could reduce the confusion of first-time users. In addition,
utilizing a more colorful and attractive user interface, compared to the current design, could attract users, minimize
confusion, and reduce memory load.

A bigger “Help” button icon that is consistent and present in all windows could benefit the user in case of confusion.
Furthermore, the “help” button is recommended to have fewer texts and steps followed to avoid further confusion and
grab the user’s attention. Long text usually distracts users and causes them to prevent additional cognitive load. Also,
icons are preferred over textual interfaces.'®

Salud’s patient file has a lengthy page that requires users to scroll down to enter patient medical data. Emphasis on the
scroll down/up bar is recommended to encourage users to fill out all the patient’s medical data. Another way is to break
the lengthy page into multiple pages.

Selecting a patient file was a success for all participants. Unfortunately, the following step led to confusion when
terminologies such as “Show patient yellow card” and “comp Tx plan” were used. Customizing terminologies in a user
interface to work seamlessly with a provider’s specific needs would enhance user engagement.'”

The “Edit” button, as previously discussed, is a crucial step. As per the results in hand, it is recommended for the
“Edit” button to have a more explicit icon and a bigger size to emphasize its importance to the user.

There was a common step during observations; the participants were closing windows constantly. Implementing
a “Back” button is recommended to reduce cognitive load. Closing a window will require the user to repeat steps, thus
increasing the user’s cognitive load.

In general, customizability leads to better usability. Removing unnecessary icons that could lead to confusion helps to
increase the acceptance of the application. For example, the “Debtors” icon was confusing to the participants as the
treatment provided by the College of Dentistry does not require insurance and reimbursement. The option to customize
the (EDR) interface by removing unnecessary icons would reduce cognitive load and increase users’ engagement.?’
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Furthermore, a form of system feedback, such as a pop-up error message without alert fatigue, could result in more
positive feedback.

The study had some limitations; resources from the college of dentistry, more specifically, IT support personnel
availability, were limiting. Dental students’ availability to participate posed some limitations since students had lectures
and laboratories to attend and not a lot of free time.

Furthermore, there is a literature gap in studies, specifically usability studies on the same application.

Conclusion

The requirements of an EDR vary depending on the facility where it is located. In a functional dental school, an EDR is
commonly used to monitor and improve the productivity of the students. The study aimed to promote optimal dental
health via Salud and identify areas of challenges and further improvements by usability testing based on the perspectives
of potential users with no prior experience with the app.

This study performed usability testing using the Think-Aloud method, System Usability Scale Questionnaire (SUS),
and Exit Interviews to determine how potential users use the Salud and assess their performance as they try to complete
specific tasks. Also, to measure users’ satisfaction levels and identify areas of improvement.

The study focused on the acceptance of Salud by potential users with no prior experience of using Salud to collect
non-biased data. First, we analyzed the navigation pathways required for the participants to complete the tasks before
applying the same method to the case of an intern dentist. Then, we analyzed the satisfaction level of the potential user
concerning Salud. Last, we conducted a qualitative analysis of the participants’ session recordings.

The results were calculated and scored; the (SUS) score was converted to a grading scale and rated with an adjective
rating. The results show an SUS score of 31.1, which corresponds to an “F in terms of grading”. Also, the results show an
adjective rating of “not acceptable”. Pathway navigation by an experienced user requires fewer clicks than first-time
users, which relates to the app’s score having less than acceptable usability for potential users. The application of TAM
and DOI frameworks provided a comprehensive lens to evaluate the usability challenges of Salud EDR, enabling more
targeted recommendations to enhance system adoption and user satisfaction. Last, Exit Interviews resulted in participants
expressing their thoughts on how complex Salud could be for potential users. The results show that a training course on
Salud is needed for the dental student before using it in dental clinics.

Disclosure
The authors declare no conflicts of interest in this work.
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