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INTRODUCTION

The emergency room is a highly dynamic and demanding healthcare environment. It faces 
numerous operational challenges, including unpredictable patient admissions, varying severity 
of patient conditions, a high volume of referrals, and significant time constraints for healthcare 
providers.[1] These challenges are associated with adverse outcomes such as prolonged wait times, 
patient dissatisfaction, increased mortality rates, higher medical costs, a rise in medical errors, and 
an escalation in incidents of violence.[1] To address these issues effectively, the work in emergencies 
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must be characterized by adaptability and efficient resource 
allocation.[2] The continuous collection, aggregation, and 
timely processing of patient data are critical to improving the 
quality of emergency care.[1] Prompt and accurate evaluation 
of patients is essential to enable timely medical intervention 
and informed clinical decision-making.[3,4]

Given the time-sensitive nature of the task in emergencies 
and the high volume of at-risk patients, robust technological 
infrastructure, particularly in the form of a comprehensive 
hospital information system (HIS), is indispensable. A growing 
body of evidence supports the integration of computer-
based systems in healthcare, highlighting their role in 
improving organizational performance.[5] One of the most 
vital components of a HIS in the emergency is the emergency 
department information system (EDIS), designed specifically to 
manage patient care workflows and data during emergencies.[5,6]

The EDIS offers several distinct advantages. These include 
improved accuracy and efficiency in clinical and administrative 
data handling, accelerated access to patient information, the 
elimination of limitations inherent in paper-based records, 
such as the inability to allow concurrent multi-user access, and 
enhanced departmental performance through clinical decision 
support functionalities.[7] Collectively, these features have the 
potential to substantially elevate the standard of care delivered 
in emergency. Despite the growing recognition of EDIS 
benefits, their adoption remains limited in many healthcare 
systems, especially in developing countries.[8-10]

Several barriers hinder widespread implementation, 
including insufficient funding, inadequate staffing, and the 
burden of serving large populations. In addition, digital 
integration of diagnostics and emergency services has 
demonstrated the capacity to improve patient outcomes 
by facilitating faster decision-making, reducing manual 
documentation errors, and decreasing turnaround times 
(TATs) for diagnostic investigations.[4,6]

Given the critical nature of the work in emergencies, usability 
challenges within EDIS must be addressed to minimize the 
risk of user errors and ensure patient safety. The current 
study evaluates the knowledge, usability, and perceived 
effectiveness of the electronic HIS implemented in the 
emergency, which accommodates 90 admission beds and 100 
observation beds, and receives approximately 140,000 patient 
visits annually. We hypothesize that the current electronic 
HIS provides an optimal experience among the emergency 
physicians and supports effective emergency care delivery.

MATERIALS AND METHODS

Setting

This prospective cross-sectional study was conducted in the 
emergency department of the All India Institute of Medical 

Sciences (AIIMS), New  Delhi, over 18  months from June 
2023 to December 2024, and adhered to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
Guidelines. Before performing the study, approval from 
the institute’s ethical committee was obtained. Three HISs 
software used in the emergency, namely, the patient display 
system (PDS), laboratory information system (LIS), and 
radiology information system (RIS), were assessed by 
resident doctors and consultants working in the emergency.

Study populations

The adult doctors working in the emergency department 
were defined as the study’s users and thus invited to 
participate. Participants were designated as follows: Group 1 
included non-academic junior residents (NA-JRs), who were 
MBBS graduates. Group  2 included JR-1, doctors in the 
1st year of their postgraduate degree program in emergency 
medicine. Group 3 included JR-2, in the second year of the 
program. Group 4 included JR-3, in the 3rd (final) year of the 
postgraduate program. Group  5 included Senior Residents, 
who had completed the three-year postgraduate degree in 
emergency medicine. Group 6 included consultants who had 
completed both postgraduate studies and senior residency in 
emergency medicine. No personal information was collected 
during the survey. The participation was strictly voluntary, 
and no incentives were given. Only those who gave consent 
were included in the study.

Data collection

Data were collected through a self-administered, pre-tested, 
and structured questionnaire to gather users’ feedback 
(doctors in emergency) on all three software systems. It was 
used to assess functional, technical, and supportive features. 
The functional features assessed patient care delivery and 
clinical decision-making. Technical features assessed the use 
of standard terminologies and interoperability (bidirectional 
information exchange between the laboratory and clinical 
wards). Supportive functions included support for medical 
research, general health, and healthcare quality improvement. 
The platform “Google Forms” (via docs.google.com/forms) 
was used to collect the data. The questionnaire consisted of 
50 questions: 12 for PDS, 11 each for LIS and RIS, and 16 
for HIS (used for usability scoring), with closed-ended 
responses – agree, disagree, and neutral. Responses for PDS, 
LIS, and RIS were rated on a 3-point scale: 2 for “agree,” 1 for 
“disagree,” and 0 for “neutral.”

To obtain the usability score of the HIS, we prepared 16 
separate self-constructed questions in addition to the 
original system usability scale (SUS) questions. However, 
we used SUS principles to ensure that the questions were 
accurate and reliable. We employed a 3-point Likert scale, 
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assigning values of one, two, and three to “Disagree,” 
“Neutral,” and “Agree,” respectively. The final score was 
calculated as follows: X = the sum of the scores for all odd-
numbered questions minus 3, and Y = 3 minus the sum of 
the scores for all even-numbered questions. The modified 
SUS score based on the 3-point Likert scale was then 
calculated as (X + Y) × 3.125.

As in the original SUS scoring, a system scoring above 70 
was considered acceptable; scores from the high 70s to high 
80s indicated better systems, while scores above 90 reflected 

excellent usability. An overall SUS score ranging from 70 to 
90 reflects that the system has good-to-excellent usability.[11] 
No data were missing, as only fully completed questionnaires 
– with all questions answered – were included in the analysis. 
The questionnaire was pre-tested in a pilot study before 
distribution. The results of the pilot study were used to refine 
the wording, reframe the statements, and restructure the 
questionnaire flow. Data collected during the pilot study were 
excluded from the final analysis. The study design is shown 
in Figure 1.

Setting

□ Design: Prospective cross-sectional study
□ Location: Emergency Department, AIIMS, New Delhi
□ Duration: 18 months (June 2023 – December 2024)
□ Ethics: Approved by institutional ethical committee
□ Reporting Guidelines:  STROBE
□ HIS Modules Studied: PDS, LIS, RIS
□ Participants: Emergency resident doctors and consultants

□ Inclusion: Emergency physicians
□ Groups:
 □ Group-I =NA-JRs (MBBS graduates)
 □ Group II= JR1 (1st year PG)
 □ Group III= JR2 (2nd year PG)
 □ Group IV= JR3 (3rd year PG)
 □ Group V= SRs (completed 3-year PG)
 □ Group VI= Consultants 
□ Consent: Informed and voluntary
□ Privacy: No personal data collected

Tool: Structured, pre-tested self-administered questionnaire
□ Platform: Google Forms
□ Total Questions: 50 (12 for PDS, 11 for LIS, 11 for RIS, 16 for HIS Usability)
□ Type of response: Closed-ended (Agree, Neutral, Disagree)
□ Scoring for modules:
 □ PDS/LIS/RIS and HIS : 3-point Likert scale; Agree, Neutral, Disagree

Study Population

Data Collection

□ Based on SUS principles
□ X = Sum of odd-numbered question scores - 3
□ Y = 3 - Sum of even-numbered question scores
□ Final Score = (X + Y) × 3.125
□ Score Interpretation:
 □ >70 = Acceptable
 □ 70s–80s = Good
 □ >90 = Excellent

Usability Score
Calculation

Quality Assurance

□ Questionnaire pre-tested
□ Pilot responses excluded from final analysis
□ Only fully completed responses analyzed (no missing data)

Figure 1: Study design.
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Table 1: The baseline characteristics of the participants (n=103).

S. No. Variable Number (%)
1. Gender

Male 72 (69.90)
Female 31 (30.09)

2. Age in years (mean±standard deviation)  29.3±7.3
3. Designation  

Group I 24 (23.30)
Group II–IV 52 (50.48)
Group V 20 (19.41)
Group VI 7 (6.79)

4 Clinical experience (in years)  
1–5 92 (89.32)
6–10 5 (4.85)
11–15 3 (2.91)
16–20 1 (0.97)
>20 2 (1.94)

Group I‑ NA‑JR; Group II‑ JR1; Group III‑JR2; Group IV‑JR3; Group V‑ 
SR; Group VI‑consultant
NA‑JR: Non‑academic‑junior residents, SR: Senior residents

Statistical analysis

The data were analyzed using STATA (version 14) software. 
The quantitative data were expressed as numbers and 
percentages. The data were assessed by descriptive tests 
(mean, percentage, and frequency). The means and standard 
deviations (SD) were calculated for data analysis, and the 
responses to the various systems (PDS, LIS, RIS) were 
analyzed. The mean PDS, LIS, and RIS scores were compared 
across respondents using a one-way analysis of variance test. 
Post hoc Test comparison was done using the Tukey honestly 
significant difference test.

RESULTS

This questionnaire-based study was conducted in the 
emergency room of a referral hospital in Northern India to 
assess the functionality of the existing electronic HIS. The 
HIS used in the emergency room was PDS, LIS, and RIS. The 
study included 103 participant doctors. The study gathered 
many critical findings.

Baseline characteristics

The baseline characteristics of all participants are shown in 
Table 1. There was a male preponderance. The mean age of 
all participants was 29.3 ± 7.3 years. Of the 103 participants, 
the majority were in Group  II to Group  IV, comprising all 
junior residents. Most participants had <5  years of clinical 
experience.

Response of participants to the questionnaire

Table 2 summarizes participants’ responses regarding the PDS, 
LIS, and RIS modules. Awareness of LIS (97.09%) and RIS 
(98.06%) was high, while awareness of PDS was slightly lower 
(69.90%). Regarding PDS functionality, 64.62% found it useful 
for entering patient demographic details, 52.31% for recording 
symptomatology and tentative diagnoses, and 86.15% for 
checking bed availability. Fewer participants reported using it 
to assess general condition (46.15%) or triage data (43.08%). 
Awareness of advanced features was limited–only 16.92% 
knew that PDS could be used to order medications, and 
36.92% knew that it allowed procedure ordering.

Most participants (98%) reported that the LIS allows them to 
view all available laboratory tests. In addition, 97%, 84%, and 
92% stated that it supports test ordering, access to all patient 
laboratory records regardless of department or physician, and 
electronic requests with sample label printing, respectively. 
Only 50% were aware that LIS enables TAT monitoring, and 
just 27% knew that it could generate graphs and tables for 
analyzing laboratory results.

Around half of the participants were aware that RIS allows test 
availability checks and access to imaging reports, but many 
were unaware of its advanced features such as test ordering, 
clinical data entry, result analysis, and TAT tracking.

The mean scores of each participant’s responses for three 
modules of HIS

Mean scores were highest for LIS (12.8 ± 4.1), followed by 
RIS (8.5 ± 5.2) and PDS (7.1 ± 6.9) [Table  3]. Figure  2a-c 
shows error bars for PDS, LIS, and RIS. Group  VI showed 
the best scores for PDS (39%) and LIS (64%), while group IV 
had the highest overall usability across modules [Figure 3], 
especially for LIS (14.35). Among all HIS modules, LIS had 
the highest usability.

SUS scale score for HIS

The results of the HIS survey, calculated by SUS principles, 
for all participants (n = 103) and the SUS scale score 
contribution of individual items are shown in Table  4. The 
HIS received a high usability rating, with a mean SUS score 
of 86.86 ± 16.5; 73% of participants scored above 86.25. 
Most agreed that it enhanced patient care continuity, clinical 
decision-making, safety, and reduced test duplication. 
However, fewer participants (44.7%) found it helpful for 
generating tables and graphs.

DISCUSSION

A sound and comprehensive information system in the 
emergency room can reduce documentation errors, 
improve patient treatment, and boost patient and clinician 
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Table 2: Responses of participants (n=103) to the questionnaire for PDS, LIS and RIS modules of the HIS.

Module Questionnaire Agree, n (%) Disagree, n (%) Neutral, n (%)
PDS Are your aware of PDS? 72 (69.90) 31 (30.10) NA

Are you presently using this PDS system? 65 (90.28) 7 (9.72) NA
PDS allows me to enter patient demographic details 42 (64.62) 3 (4.62) 20 (30.77)
PDS allows me to enter patient symptomatology and tentative diagnosis 34 (52.31) 4 (6.15) 27 (41.45)
PDS allows me to check bed availability 56 (86.15) 2 (3.08) 7 (10.77)
PDS allows me to enter general condition of the patient 30 (46.15) 10 (15.38) 25 (38.46)
PDS allows me to triage patients as per data entered 28 (43.08) 9 (13.85) 28 (43.08)
PDS allows me to order investigation 46 (70.77) 3 (4.62) 16 (24.62)
PDS allows me to order medicines/drugs/injections/fluids, etc. 11 (16.92) 17 (26.15) 37 (56.92)
PDS allows me to check medicine given 9 (13.85) 18 (27.69) 38 (58.46)
PDS allows me to select and order procedure performed 24 (36.92) 10 (15.38) 31 (47.69)
PDS allows me to access patients results/data generated in AIIMS main 
hospital/JPNATC/NCI/others‑

46 (70.77) 3 (4.62) 16

LIS Are you aware of LIS? 100 (97.1) 3 (2.91)  NA
Are your currently using the LIS system? 100 (100) 0  NA
LIS allows me to check list of all laboratory tests available 98 (98.0) 1 (1.0) 1 (1.0)
LIS allows me to order a laboratory test 97 (97.0) 1 (1.0) 2 (2.0)
LIS allows me to insert and save clinical information when I order a 
laboratory test

52 (52.0) 10 (10.0) 38 (38.0)

LIS allows me to access all patient’s laboratory tests irrespective of the 
prescribing doctor/department.

84 (84.0) 2 (2.0) 14 (14.0)

LIS allows me to generate tables and graphs for display and analysis of lab 
test results.

27 (27.0) 13 (13.0) 60 (60.0)

LIS allows me to apply a search criterion in order to find the lab tests 
results that meet my needs.

63 (63.0) 8 (8.0) 29 (29.0)

LIS allows me to access patients results produced in AIIMS main hospital/
JPNATC/NCI/others.

68 (68.0) 9 (9.0) 23 (23.0)

LIS allows me to electronically request a laboratory analysis and print 
labels for the samples

92 (92.0) 1 (1.0) 7 (7.0)

LIS allows me to check turnaround time 50 (50.0) 12 (12.0) 38 (38.0)
RIS Are you aware of Radiology report access system RIS? 101 (98.1) 2 (1.94) NA

Are you currently using radiology report access system? 91 (90.10) 10 (9.90)  NA
RIS allows me to check availability of test 47 (51.65) 10 (10.99) 34 (37.36)
RIS allows me to prescribe a test 16 (17.58) 30 (32.97) 45 (49.45)
RIS allows me to insert and save clinical information when I order a test 27 (29.67) 24 (26.37) 40 (43.96)
RIS allows me to access all patients tests report irrespective of the 
prescribing doctor/department

63 (69.23) 15 (16.48) 13 (14.29)

RIS allows me to generate tables and graphs for display and analysis of test 
results

17 (18.68) 20 (21.98) 54 (59.34)

RIS allows me to apply a search criterion in order to find the tests results 
that meet my needs

43 (47.25) 10 (10.99) 38 (41.76)

RIS allows me to access patients results generated in AIIMS main 
hospital/JPNATC/NCI/others

58 (63.74) 14 (15.38) 19 (20.88)

RIS allows me to check turnaround time 26 (28.57) 16 (17.58) 49 (53.85)
RIS allows me to access all imaging results like X‑ray, ultrasound, computed 
tomography scan, magnetic resonance imaging etc., of a patient if required

55 (60.44) 28 (30.77) 8 (8.79)

PDS: Patient display system, LIS: Laboratory information system, RIS: Radiology information system, HIS: Hospital information system, JPNATC: Jai 
Prakash Narayan Apex Trauma Centre, NCI: National Cancer Institute, AIIMS: All India Institute of Medical Sciences
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Table 3: The mean scores of each participant responses for three modules of HIS viz PDS, LIS and RIS.

Module Total, n=103 Maximum score Group I, n=24 Group II‑IV#, n=52 Group V, n=20 Group VI, n=7
PDS*, Mean±SD 7.1±6.9 24 5.9±7.6 7.5±6.7 6.7±6.4 9.3±6.8
LIS, Mean±SD 12.8±4.1 22 13.2±5.4 12.6±3.5 12.5±4.5 14.1±1.9
RIS, Mean±SD 8.5±5.2 22 8.9±6.0 8.4±4.4 8.8±6.0 6.9±5.4
The mean PDS, LIS and RIS scores were compared across respondents using a one‑way analysis of variance test. *The P-value was statistically significant for 
PDS (P=0.027). #Post hoc test comparison using the Tukey honestly significant difference test showed a statistically significant P=0.036 between Group II 
and Group IV for the PDS module
SD: Standard deviation, PDS: Patient display system, LIS: Laboratory information system, RIS: Radiology information system, HIS: Hospital information 
system

satisfaction.[1] Such systems can support healthcare providers 
by assisting in clinical decision-making and offering patients 
relevant information about their symptoms, medical 
conditions, and potential next steps.[12,13] In high-pressure 
environments such as triage and emergency departments, 
where time constraints and patient volumes are significant, the 
risk of human error increases. The fast-paced nature of these 
settings, coupled with the severity of many cases, contributes to 
this vulnerability. Research suggests that physicians may have 
a diagnostic error rate of approximately 5%, with nearly half of 
these errors having the potential to cause patient harm.[14]

This questionnaire-based study was conducted in the 
emergency room of a referral hospital in North India to 
assess the functionality of the existing electronic HISs. It 
gathered many critical findings. The foremost finding was 

that most users were young doctors with user experience 
of <5  years. 30% of them were unaware of the PDS in the 
emergency. This may reflect the requirement for re-induction 
training for newly joined residents in the emergency room 
on the available software for patient care. An induction 
program (IP) designed meticulously for the resident doctors 
may improve performance. Patel and Patel have shown that 
IPs are necessary to prepare doctors for practice and improve 
patient outcomes.[15] In contrast, this study revealed that 
a higher awareness was observed for the LIS and RIS. This 
could be explained by the higher motivation centered around 
the need for accurate and quality diagnostics and the basic 
and mandatory requirements for clinical decision-making.[16]

The second important finding was that overall, the existing 
HIS eased the daily working procedures for the physicians 

Figure  2: Shows the error bars for (a) patient display system, (b) laboratory information system, (c) and radiology information system, 
respectively.

a b

c
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Figure  3: The compound bar represents the mean responses of all participants in three different HIS modules: PDS, LIS, and RIS. PDS: 
Patient display system, LIS: Laboratory information system, RIS: Radiology information system, HIS: Hospital information system.

Table  4: Results of the HIS survey, calculated by SUS principles, for all participants (n=103) and the SUS scale score contribution of 
individual items.

Useability scale analysis items Agree, n (%) Disagree, 
n (%)

Neutral,  
n (%)

Score contribution (1–3), 
mean (standard deviation)

1. HIS improves the continuity of my patient care. 90 (87.4) 3 (2.9) 10 (9.7) 2.84 (0.43)
2. Clinical decisions are better without HIS. 8 (7.8) 87 (84.5) 8 (7.8) 1.23 (0.58)
3. �HIS provides me with results that I cannot obtain from other 

sources
84 (81.6) 3 (2.9) 16 (15.5) 2.78 (0.47)

4. HIS has no effect on the evaluation of patients. 4 (3.9) 87 (84.5) 12 (11.7) 1.19 (0.48)
5. HIS reduces duplication of tests advised to my patients. 88 (85.4) 4 (3.9) 11 (10.7) 2.81 (0.48)
6. HIS does not prevent missing an important result. 5 (4.9) 88 (85.4) 10 (9.7) 1.19 (0.50)
7. �HIS allows me to intervene more rapidly and effectively with 

my patients.
83 (80.6) 8 (7.8) 12 (11.7) 2.72 (0.59)

8. HIS does not help in the safety of my patient’s care. 7 (6.8) 85 (82.5) 11 (10.7) 1.24 (0.56)
9. �HIS provides me with an overall view of my patient’s history 

and results.
76 (73.8) 11 (10.7) 16 (15.5) 2.63 (0.67)

10. HIS cause delay in patient’s discharge. 13 (12.6) 70 (67.9) 20 (19.4) 1.44 (0.71)
11. HIS provides support to my clinical research. 81 (78.6) 4 (3.9) 18 (17.5) 2.74 (0.51)
12. HIS slows clinical action. 3 (2.9) 92 (89.3) 8 (7.8) 1.13 (0.42)
13. �The information being in one place in HIS, I gain time when 

I follow up on lab results.
91 (88.3) 2 (1.9) 10 (9.7) 2.86 (0.39)

14. It is cumbersome to generate tables and graphs in HIS 13 (12.6) 44 (42.7) 46 (44.7) 1.69 (0.68)
15. HIS provides most of the lab test results for patient care 82 (79.6) 9 (8.7) 12 (11.7) 2.70 (0.62)
16. �Paper medical records are better and quicker to consult than 

HIS records.
5 (4.9) 85 (82.5) 13 (12.6 1.18 (0.48)

HIS: Hospital information system, SUS: System usability score
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and made information acquisition easy, which aided in 
providing correct and timely management. This study 
found that the HIS demonstrated good to excellent usability, 
effectively supporting information needs throughout the 
emergency care process. Participants gave the system a high 
average score of 86.8, noting that it enhances continuity of 
care and aids in making more informed clinical decisions. 
Often, in high-stress conditions and work environments, 
especially in the emergency set-up of a developing country, 
managing the timeliness of patient assessment, test ordering, 
triaging, and initiating management protocols becomes 
challenging. Having technological support for patient data 
on hospital premises is a boon in these demanding situations 
where a surge in patient flow could be anticipated. This calls 
for continuous support from the hospital administration, 
finance, and the information technology departments.[6]

The third important finding was the inability of the HIS 
to generate tables and graphs that may be very helpful 
in understanding the trend of patients’ parameters and 
thus beneficial in interpreting results. Data visualization 
involves the use of visual formats–such as charts, graphs, 
diagrams, and images–to present information clearly and 
effectively.[17] In healthcare, these tools help professionals 
interpret historical and current data while also forecasting 
future trends. Visualization simplifies the recognition of 
patterns, anomalies, and trends within large datasets, making 
complex information easier to understand. It is especially 
valuable in clinical and public health settings, where timely 
and accurate decision-making is essential. By converting 
raw data into visual formats, healthcare systems can enhance 
their ability to draw meaningful insights quickly.[17]

Mathews et al.[18] surveyed LIS users at hospitals across the 
United States. Participants were requested to evaluate the ease 
of completing 24 routine tasks using the LIS. In addition, they 
provided feedback on the features they appreciated and those 
they found challenging, offering valuable insights into the 
system’s perceived usability. The results of this study indicate 
that the overall usability of LISs could be improved.[18] A 
cross-sectional descriptive study conducted by Rezaei-
Hachesu et al.[19] in 2015 evaluated the usability of RISs used 
in 3 hospitals in Tabriz City. The study concluded that the 
overall usability of RISs among the evaluated population 
averaged 65.41%, based on the assessment of 190 out of 291 
components aligned with Nielsen’s 13 usability principles. 
In addition, usability issues were identified in 26.35% of the 
evaluated components.[19]

Limitations

This study was limited by several factors, including a sample 
that may not be representative of all Indian hospitals with 
HIS. A  study with a larger sample size may validate the 
results of this study. Questionnaires are a widely recognized 

and commonly employed method for evaluating the usability 
of health technologies. They allow researchers and developers 
to systematically gather feedback from end-users–such 
as healthcare professionals and patients–regarding their 
experiences, satisfaction, and challenges with the system. 
Nevertheless, it is challenging to identify the contextual 
elements influencing the outcomes.

CONCLUSIONS

The purpose of this questionnaire-based study was to evaluate 
the usability of the current electronic health information 
system in the emergency room. Features of the current HIS 
include assisted inpatient care, facilitated quick and simple 
access to laboratory and radiological reports, and assisted 
in the making of informed clinical decisions. It underlined 
the necessity of giving newly recruited residents ongoing 
induction training on the patient care software. To enhance 
patient outcomes, a regular and ongoing evaluation of the 
information system supporting critical clinical decisions 
should be promoted. With the backing of the stakeholders, 
objectively determining the advantages and disadvantages of 
the current HIS can improve the process in an emergency.
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