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Abstract 

Background: Information dashboards are useful tools for up-to-date decision-making by visualizing data.  
Objectives: This study aimed to report the development of a dashboard in the emergency department (ED) during COVID-19 in a big 
hospital in Iran. 
Methods: The authors developed a dashboard by user-centered design (UCD) methodology in four phases, namely specification of the 
context of use, specification of the requirements, creation of design solutions, and evaluation. Indicators were determined by reviewing 
previous studies and interviewing focus groups with an expert panel. The Power BI Desktop software was used for the development of the 
dashboard. Users’ comments about the dashboard were collected. The dashboard was then developed and revised according to the users’ 
feedback and suggestions. Finally, user satisfaction was evaluated. 
Results: The authors identified 30 indicators for COVID-19 ED, classified as input, output, and process indicators. The final version of the 
dashboard was implemented in 2021, and then 28 ED and managerial staff participated in the evaluation of the dashboard. The average 
score of the system usability scale of the dashboard was 84.10 points, and the situation awareness index was 3.97, which indicates “good” 
usability and situation awareness. 
Conclusion: This dashboard presented key managerial and clinical indicators for decision-making in ED. Future studies can be designed 
to develop dashboards for accidents and burns EDs and create emergency information dashboards for several hospitals for better 
management in times of crisis. 
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1. Background 

The new coronavirus disease that originated in 
2019 (COVID-19) created a new challenge for health 
systems (1) and posed a large threat and work 
overload to emergency departments (EDs) 
worldwide (2). Totally, in Iran, there have been 
7,557,024 confirmed cases of COVID-19 with 144,559 
associated deaths, as reported to the World Health 
Organization (3). 

Hence, the COVID-19 pandemic caused a high 
influx of patients into hospitals, which greatly 
overstretched the provision of services to patients in 
these centers. (4, 5). In such circumstances, the 
optimal management of resources and workforce is 
one of the most critical responsibilities of hospital 
managers, who also need access to up-to-date 
evidence about patients and available resources  
(6-9). This is the case especially in EDs where 
information systems are needed to support 
communication and care coordination (10). Many 
studies have used Information Technology (IT) for 
various purposes, including prediction, disease 
control, disease diagnosis, patient management, and 
equipment (10-12). Previous studies have 
investigated the usability of electronic patient 

tracking systems in EDs (13). However, there has not 
been a focus on designing an integrated system based 
on end-users’ views to facilitate clinical practice and 
help to manage EDs (14). 

Among the uses of IT in healthcare organizations, 
especially in times of crisis, information dashboards 
have a special application and position due to their 
unique characteristics. The use of information 
dashboards in the ED allows the efficient 
management of information for the optimal 
organization of patients and equipment in EDs based 
on up-to-date evidence (15). In the emergency room, 
patients’ information from different departments, 
such as radiology and laboratory, is stored in 
information dashboards. In this method, it is possible 
to visually and instantaneously display patient 
information, services provided, equipment, and 
facilities available in the emergency room for 
managers and service providers, including physicians 
and nurses (16). 

Moreover, it allows managers to have an overview 
of ward trends, be able to anticipate and meet ward 
needs shortly, and prevent overcrowding of patients 
and their dissatisfaction (17). 

Due to the various capabilities of information 
dashboards, some of which were mentioned above, at 
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the beginning of the spread of COVID-19, they were 
used in different countries for various purposes, such 
as making a diagnosis, treatment, and management of 
COVID-19 patients (18-21). 

2. Objectives 

The present study aimed to develop a dashboard 
in an ED during COVID-19 in a big hospital.  

 

3. Methods 

This is a descriptive developmental applied  
study for designing and evaluating a COVID-19 ED 
dashboard in a major hospital. In the first stage, a 
team consisting of representatives of the emergency 
information dashboard stakeholders was formed, 
including four physicians, four nurses, two 
administrators, and three quality improvement team 
members. In addition, two dashboard designers and 
the hospital information system (HIS) managers 
were part of the team. This study employed the focus 
group with an expert panel to be undertaken in 
XXXX. It was conducted in an ED that recorded XXX 
patients’ turnover annually and used HIS. Since May 
14, 2020, the team started visualizing the ED 
process. The visualization dashboard was designed 
and developed based on the needs of end-users 
through a user-centered design (UCD) process. The 
research team designed the user-centered 
visualization dashboard using the following steps, as 
outlined in (22):  
1. Context of use specification, which includes 

determining who will work with the dashboard, 
their purpose for using the dashboard, and the 
circumstances in which they use the dashboard. 

2. Requirements specification, which incorporates 
ascertaining the requirements that need to be 
determined and fulfilled for the successful 
implementation of the dashboard in the 
organization. 

3. Design solutions creation, which includes the 
design of various parts of the dashboard, from 
prototyping to completing the design. 

4. Design evaluation, which includes evaluating the 
usability of the dashboard and software testing. 
Five meetings were held with the participation 

of stakeholders and dashboard design officials, 
each lasting about 45 to 80 min. In these meetings, 
which were held in the form of face-to-face 
meetings, the main stakeholders were asked 
through a semi-structured researcher-made 
questionnaire about their information needs in the 
ED, the use of this information for them, and the 
amount of necessary access to this information for 
each stakeholder. Afterward, index identification 
was compiled for all suggested indices in the focus 
group. At the end of these meetings, users’ gave 
their final comments on the indicators needed to 

better perform their duties in the department and 
the reason for requiring these indicators, and the 
amount of access to the indicators. Their comments 
were written, summarized, and voted using the 
nominal group technique. Indicators that received 
more than 75% of the votes were included in the 
dashboard. Additionally, the study team classified 
indicators into three classes of input, process, and 
output. The assistant in charge of HIS checked 
access to the data according to the information 
sources in the HIS. The prototype of the requested 
indicators was designed in the form of a dashboard 
and displayed in a session for all medical staff. If 
the indicators needed to be modified or merged, 
this was performed and after the final approval of 
the index, it was inserted in the final sample of the 
dashboard. The dashboard’s platform was 
developed and deployed on three servers with 
Windows 10, each with a 1200-GB hard drive, 30-
GB memory, and two 4-core Intel Xeon 2.4 GHz 
(Gigahertz) processors.  

Dashboard servers extracted the mentioned 
indicators from the HIS, picture archive, and 
communication system servers. A Windows 
communication base was used as the visualization 
tool. The dashboard prototype was developed using 
the Power BI Desktop software. During the design of 
the dashboard, feedback was constantly received 
from end-users and was applied to the dashboard 
during the following months. 

 

3.1. Analysis 
Dashboard users were evaluated to ensure the 

usability of the dashboard. The inclusion criteria for 

selection were currently working ED physicians, 
nurses, supervisors, and managerial staff. Final users 
were recruited from September 6 to October 6, 2021, 
and they responded to 20 questions on a 
questionnaire. The first 10 questions investigated 
the usability of the dashboard derived from the 
System Usability Scale (SUS) used in a study by Pal 
and Vanijja (23). Half of the questions had a positive 
tone (odd items), and the other half possessed a 
negative one (even items). Answers on the Likert 
scale ranged from 1 (completely disagree) to 5 
(agree). The SUS score spectrum ranged from 0 as 
the worst score to 100 being the best score. Scores 
above 68 were considered above average level, while 
scores below 68 were considered below average 
level (23). 

According to the answers, the average score for 
odd and even questions was calculated separately. In 
addition, the SUS score was calculated according to 
the following formula:  
 
X=25-(Total of even questions), y= (Total of odd 
questions)-5. Then, SUS =(X+Y)*2.5. 

Following this method, the highest score in this 
test was 100. The closer the number used as an 
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adjective rating scale to interpret the SUS scores is 
to 100, the higher the score for the desired product 
(site or application) is. However, the average SUS 
score was 68. Scores below 68 indicate problems in 
the design that need more research to solve them as 
quickly as possible, while scores above 68 indicate 
the need for minor modifications in the design (24). 

The next 11 questions were derived from the 
situation awareness index (SAI). The SA implies a 
person’s awareness regarding peculiar circumstances, 
which arise through their interaction with the 
environment. An adequate level of SA is known to 
affect subsequent decisions and actions positively 
(25). The SAI score was calculated according to the 
following formula: 
 
SAI={Q11+Q12+Q13+Q14+Q15+Q16+(6-
Q17)+Q18+Q19+Q20}/10, where Q is the question 
number (16).  
 

3.2. Ethical Considerations 
The study was conducted under the Helsinki 

Declaration. Verbal informed consent was obtained 
from the participants to participate in the study, and 
the confidentiality of the data was maintained. 

 

4. Results 

Table 1 presents the characteristics of the team 
members that participated in the evaluation of the 

dashboard. Table 2 illustrates the final indicators 
required to be included in the emergency 
dashboard according to the surveys conducted in 
the focus-group meetings with the presence of the 
research team. Figures 1 and 2 depict examples of 
the main dashboard page. In the second version, 
changes were made to increase the usability of the 
dashboard based on end-users’ opinions. Some of 
these changes included adding the number of staff 
 

Table 1. Demographic characteristics of end-users 

Variable Frequency (%) 
Gender 
Female 18 (65) 
Male 10 (35) 
Age (Year) 
36-41 7 (30) 
42-47 14 (50) 
48-53 7 (20) 
Education status 
Bachelor of Science 10 (35) 
Master of Science 10 (35) 
Specialist 6 (22) 
Ph.D. 2 (8) 
Field of study 
Health Information Management 3 (11) 
Management 4 (14) 
Nursing 15 (54) 
Medicine 6 (21) 
Work experience (Year) 
5-10 3 (11) 
11-16 18 (64) 
17-22 5 (18) 
23-27 2 (7) 

 
Table 2. Percentage of agreement on dashboard indicators 

Criteria No Indicator Percentage of agreement 

Input 

1 Number of patients waiting for triage 100% 
2 Number of patients visited in triage 93% 
3 Number of patients by the triage level assigned to them (1-5) 86.6% 
4 Result of initial visit during 24 h 80% 
5 Reasons for encountering triage during the last 24h 80% 
6 Number of triaged during the last 24 h 80% 
7 Number of inpatients in ED during the last 24 h 100% 
8 Number of inpatients in ED during the last 7 days 93% 
9 Number of hospitalizations now 100% 

10 Primary diagnosis of a patient in ED 93% 
11 Number of patients assigned by waiting time (under 4 h/under 6 h/ above 6 h) 86.6% 
12 Number of nurses 93% 
13 Patients’ gender 100% 
14 Age of patients classified into 19 groups 100% 
15 Location of patients in ED (acute 1/acute 2/CPR /post CPR) 93% 

Process 

16 Bed occupancy rate 100% 
17 Waiting time for an initial visit 100% 
18 Mean length of stay in ED (under 6 h and above 6 h/ under12 h and above 12h) 93% 
19 Current status of patients (awaiting transfer to departments/being treated/ discharging) 93% 
20 Number of patients waiting for transfer by destination ward 93% 
21 Number of patients awaiting consultants 86.6% 
22 Average response time of receiving consultation 86.6% 
23 Number of laboratory test requests 93% 
24 Average response time of test results 93% 
25 Number of requested imaging 100% 
26 Average response time of imaging results 93% 
27 Number of intubated patients 93% 
28 Number of CPR patients during the last 24 h 93% 

Output 
29 Number of deaths during the last 24 h 100% 
30 Number of patients discharged during the last 24 h 100% 

ED: Emergency department;  CPR: Cardiopulmonary resuscitation 
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        Figure 1. First version of COVID-19 emergency department dashboard  

 
present in the ED, a more understandable display of 
patients at each triage level, rearranging the 
indicators on the screen, patients waiting to be 
transferred to the ward, date and time of updating, 
and the current status of patients. 

Based on the findings, the average scores for 
odd questions were 4.56, 4.77, 4.89, and 4.81, while 
those for even questions were 2.02, 2.04, 1.03, 3.01, 
and 2.09. The SUS was also calculated according to 
the following formula:  

X=25-(Total of even questions=14.81), y=(Total 
of odd questions=23.83)-5. Then SUS=(X+Y)* 

2.5=33.64*2.5=84.1 (Table 3). 
The SUS indicates the "good-excellent" usability 

of the dashboard. It also shows that the users used 
it very frequently feeling the dashboard was easy to 
learn, and that final users were very confident in 
using the dashboard. 

The overall SAI score was 3.97. The top five 
scaled items were “Concentration support”  
(4.43 points), “Division of attention” (4.36), “Spare 
mental capacity support” (4.21), “Variability 
representation” (4.21), “Arousal support” (4.21), 
and “Information quantity provided” (3.6) (Table 4).

 

 
   Figure 2. Final version of COVID-19 emergency department dashboard  
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Table 3. System usability scale scores 

Items Mean±SD 
Q1. I think that I would like to use this dashboard frequently. 4.56±0.10 
Q2. I found the dashboard unnecessarily complex. 2.02±0.13 
Q3. I thought the dashboard was easy to use. 4.77±0.08 
Q4. I think that I would need the support of a technician to be able to use this dashboard. 2.04±0.11 
Q5. I found that the various functions in this dashboard were well integrated. 4.89±0.16 
Q6. I thought there was too much inconsistency in this dashboard. 1.03±0.14 
Q7. I would imagine that most people would learn to use this dashboard very quickly. 4.81±0.22 
Q8. I found the dashboard very cumbersome to use 3.01±0.09 
Q9. I felt very confident using the dashboard. 4.80±0.06 
Q10. I needed to learn a lot of things before I could get going with this dashboard. 2.09±0.14 
System usability scale score 84.10±0.12 

 
Table 4. Situation awareness of dashboard results 

No Construct Item Mean±SD 
11 Instability representation The dashboard adequately represents the instability of the ED. 3.90±0.11 
12 Complexity representation The dashboard adequately represents the complexity of the ED. 4.23±0.20 
13 Variability representation The dashboard contains key elements that are changing in the ED. 4.21±0.06 
14 Arousal support The dashboard helps me be alert and clearer. 4.21±0.13 
15 Concentration support The dashboard helps me focus on the situation in the ED. 4.43±0.15 
16 Spare mental capacity support I can acquire additional mental capacity in a pressing ED situation. 4.21±0.12 
17 Division of attention The dashboard distracts attention from important tasks of the ED. 3.01±0.04 

18 Information quantity provided 
The quantity of information provided by the dashboard is appropriate for performing 

ED tasks 
3.89±0.08 

19 Information quality provided 
The quality of information provided by the dashboard is appropriate for performing 

ED tasks 
3.96±0.24 

20 Familiarity of dashboard I can perform ED tasks more proficiently  using the dashboard 4.12±0.42 
Situation awareness index 4.01±0.17 
ED: Emergency department  

 

5. Discussion 

The fast spread of COVID-19 forced healthcare 
managers to use IT to respond to rapidly changing 
needs. In this regard, this study used a 
multidisciplinary visualization team with a rapid UCD 
approach to develop and implement a dashboard 
system in ED for COVID-19 in a tertiary hospital. 
Proper design of information dashboards depends on 
careful attention to the main functions and 
performance indicators, which was addressed well in 
the current dashboard (20). The interviews resulted 
in the identification of indicators according to the key 
performance indicators of the ED and the opinion of 
experts in this department. The indicators included 
data on the number of patients referred to the triage 
and the ED, classified by severity, primary diagnosis, 
age, gender, and average waiting time. Patients 
received different services, the number of which were 
provided to them. Other information included bed 
occupancy rate, the number of ED personnel, as well 
as the number of discharged and deceased patients 
during the last 24 h, which were also used in other 
dashboards related to COVID-19 (12, 26, 27). The 
indicators in this dashboard were classified according 
to the classification used by Yoo et al. (16). 

The use of information dashboards to manage 
information in epidemics has already been 
considered by researchers. For example, dashboards 
were designed for COVID-19 (28, 29) and severe 
acute respiratory syndrome (30), which focused on 
clinical data analysis. In the current dashboard 

design, both clinical and managerial data were 
considered, and the dashboard design was 
successfully implemented. The designed dashboard 
data was uploaded directly from the HIS without the 
need for manual data entry by the operator. The 
graphic and statistical concepts considered by the 
end-users were continuously identified and upgraded 
with the opinion of dashboard design experts, 
thereby obtaining the satisfaction of the end-users. 
This was done in parallel with Yoo et al.  (31) and 
Dixit et al. (20) studies. The use of HIS data as a 
dashboard data source has been emphasized in other 
studies (32, 33).  

UCD has been frequently used in developing 
software to meet the user’s needs and goals and 
deliver a usable system. Furthermore, UCD is an 
approved approach that is increasingly adopted for E-
Health projects (34). This study applied UCD methods 
to develop a dashboard that adherently engaged 
users. Drawing the initial (accurate) visualization for 
end-users is better in providing a holistic approach 
since users’ needs are quickly identified on the initial 
dashboards designed based on users’ needs and 
gradually become more complete based on user 
feedback (20). 

This study also used SUS and obtained a high 
score from physicians, nurses, and managerial users 
of the dashboard. This high score could imply the 
‘high acceptability’ with ‘good usability’ of this 
dashboard, which corroborates findings from a study 
conducted by Fareed et al. They developed a 
dashboard about infant mortality, and in their 
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usability evaluation, the median task completion 
success rate was 83%, and the median system 
usability score was 68 (35). Similarly, in the present 
study, a high usability score was recorded. In another 
study, Bersani et al. reported that dashboards 
effectively improve patient care (36). 

Based on previous experiences, failure to pay 
attention to the demands of end-users and their lack 
of participation in the development of software that 
is ultimately used by them will cause reluctance to 
use the relevant system (37, 38). Due to the 
importance of paying attention to users’ opinions in 
this study, after evaluating the dashboard, users’ 
comments were evaluated. The average SUS score of 
the dashboard indicated “good” usability. Further, the 
score of SA in this study was higher than that in the 
study by Yoo et al. (3.87) (31). In addition, the ED 
staff stated that the dashboard shows the status of 
the ED effectively and that they can better focus on 
changes in the ED by using the dashboard designed in 
the ED. 

 

5.1. Limitations 
The present study was conducted in an ED of a big 

hospital in one province of the country. Therefore, 
the findings in this study cannot be generalized to 
other departments or hospitals. Hence, studies that 
are more extensive in this regard are recommended. 
Another limitation is that the indicators used in the 
dashboard have been prepared using a stakeholder 
survey and may need to be revised for global 
application. These indicators are often considered by 
specialists in the very crowded emergency rooms of a 
COVID-19 teaching hospital. Therefore, there may be 
differences in the prioritization of the indicators 
when designing a dashboard for smaller hospital 
emergencies. Furthermore, this study did not 
evaluate the effect of the visualization dashboard on 
the effectiveness of care being provided to the 
patients.  

 

6. Conclusion 

Visualization of electronic health records in the 
form of dashboards is a salient supervision tool for 
health managers, which is handy in reaching out for 
valuable information required for making an 
evidence-based decision. Regarding clinical 
applications, knowing the statistics of patients with 
different degrees of disease and services that they 
have received or are waiting to receive adds to the 
accuracy of clinical decisions regarding specific 
services or prioritization for different patients. It also 
assists therapists in deciding and predicting the 
services needed ahead based on the statistics. 

This dashboard is designed for the ED of a 
hospital that is responsible for admitting patients in 
the event of an epidemic crisis. If such a situation 
persists or similar cases of an epidemic occur, such 

dashboards are also fully usable. In addition, 80% of 
the indicators designed in this dashboard can be used 
in all hospital EDs in common situations. 

The short time required to design dashboards and 
their high flexibility in meeting users’ information 
needs and personalizing it based on user feedback 
has been considered a suitable solution for managing 
information in times of crises, such as the COVID-19 
pandemic. Finally, to develop a functional dashboard, 
it is necessary to receive frequent feedback from 
system users, keep their information needs up-to-
date, and ensure the quality of dashboard 
information.  
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