H. Norouzi et al.

IJAHCI

JOURNAL

International Journal of Advanced Human Computer Interaction

Contents lists available at IJAHCI I JA H C I

INTERNATIONAL JOURNAL OF

International Journal of Advanced Human Computer Interaction ADVANCED HUMAN-COMPUTER
Journal Homepage: http://www.ijahci.com/

INTERACTION

Volume 2, No. 1, 2024

Evaluating the Impact
Efficiency

Hamid Norouzi', Yasmin Dehghani?

of UI/UX Improvements on EHR System

L Department of Public Health, University of Isfahan
2 Department of Data Science, Hormozgan University

ARTICLE INFO

Received: 05/04/2024
Revised: 05/27/2024
Accepted: 07/03/2024

Keywords:

EHR systems, UI/UX improvements, system
efficiency, healthcare technology, user-centered
design, workflow optimization, electronic
health records

ABSTRACT

This study investigates the influence of User Interface (UI) and User
Experience (UX) improvements on the operational efficiency of Electronic
Health Record (EHR) systems, pivotal components in modern healthcare
environments. The research focuses on how enhancements in visual design,
navigational structure, and interactive elements can streamline healthcare
workflows, reduce cognitive load, and improve user satisfaction among
healthcare professionals. By employing a mixed-methods approach, the
study integrates quantitative metrics derived from system usage logs and
qualitative insights gleaned from user interviews and surveys, providing a
comprehensive assessment of the impact of UI/UX modifications.

The quantitative analysis hinges on key performance indicators such as task
completion time, error rates, and user satisfaction scores, collected before
and after the implementation of UI/UX enhancements. The findings indicate
a statistically significant reduction in task completion times and error rates,
underscoring the efficacy of well-designed interfaces in promoting efficient
EHR system use. Moreover, improved user satisfaction scores, as derived
from standardized questionnaires, reflect enhanced user engagement and
reduced frustration, suggesting that aesthetically pleasing and intuitively
navigable interfaces contribute to a more positive user experience.
Qualitative data, obtained through semi-structured interviews with
healthcare providers, reveal insights into the subjective experiences and
preferences regarding the EHR interface. Thematic analysis of this
data highlights the importance of personalization, clarity in information
presentation, and ease of access to critical functionalities, all of which are
crucial in shaping the perceived utility and acceptance of the system by
end users.

In conclusion, the study underscores the critical role of UI/UX improvements
in enhancing EHR system efficiency and user satisfaction. These
findings advocate for ongoing investments in user-centered design practices,
emphasizing the need for continuous iterative design and evaluation
processes to meet the evolving needs of healthcare professionals in dynamic

clinical settings.
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1. Introduction

The increasing digitization of healthcare records through
Electronic Health Record (EHR) systems has significantly
transformed healthcare delivery. These systems aim to
enhance patient care by improving the accuracy, accessi-
bility, and efficiency of health information management.
However, the effectiveness of EHR systems is often
hampered by user interface (UI) and user experience (UX)
challenges that can impede the workflow of healthcare
professionals. As healthcare providers interact daily with
these systems, even minor inefficiencies can accumulate,
resulting in substantial impacts on productivity and
patient care quality [7, 10, 12].

This paper investigates the role that UI/UX improve-
ments can play in enhancing EHR system efficiency.
Through a comprehensive analysis of current literature
and recent advancements in UI/UX design, we aim
to evaluate how enhancements in these areas can
reduce cognitive load, minimize errors, and facilitate
smoother interactions between healthcare providers
and EHR systems. It is crucial to understand these
dynamics, as the optimization of EHR systems not only
affects healthcare professionals but also has far-reaching
implications for patient outcomes [3, 6, 9].

1.1. Background and Motivation

The adoption of EHR systems has been widely advocated
to streamline healthcare operations and improve patient
care. However, the initial promise has been met with
several challenges, primarily related to the usability of
these systems. Many healthcare professionals report that
cumbersome interfaces and poor UX designs contribute
to increased cognitive workload, leading to inefficiencies
and potential errors in patient data management [11, 13].
The motivation for enhancing UI/UX in EHR systems
is rooted in these challenges, and recent studies suggest
that targeted improvements can lead to significant gains
in efficiency and user satisfaction [1, 5].

1.2. Theoretical Framework

The theoretical underpinnings of this study draw from
human-computer interaction (HCI) and cognitive load
theory. HCI principles emphasize the importance of
designing systems that accommodate user needs and
preferences, while cognitive load theory provides insights
into how complex interfaces can affect the mental
workload of users. By integrating these theoretical
perspectives, we can better understand the relationship
between UI/UX design and EHR system efficiency [2, 8.

1.3. Research Objectives

This paper aims to achieve several key objectives. First,
it seeks to identify the specific UI/UX factors that most
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significantly impact EHR system efficiency. Second, it
evaluates the outcomes of recent UI/UX improvements
on user performance and satisfaction. Finally, it proposes
strategies for future enhancements based on empirical
evidence and best practices in the field [1, 4].

1.4. Significance of the Study

The significance of this study lies in its potential to
inform the design and implementation of more effective
EHR systems. By demonstrating the impact of UI/UX
improvements, this research can guide developers and
policymakers in creating systems that better meet the
needs of healthcare providers. Ultimately, this could lead
to improved healthcare delivery, reduced error rates, and
enhanced patient safety [2, 9].

In conclusion, as the healthcare industry continues to
evolve, the optimization of EHR systems through UI/UX
improvements emerges as a critical area of focus. This
paper aims to provide a comprehensive evaluation of these
improvements and their implications for EHR system
efficiency, thereby contributing valuable insights to the
ongoing discourse in healthcare informatics.

2. Related Work

The intersection of user interface (UT) and user experience
(UX) improvements with electronic health record (EHR)
system efficiency has garnered significant scholarly
interest. EHR systems are pivotal in modern healthcare
settings, serving as comprehensive digital repositories
for patient data. However, their effectiveness is
often curtailed by usability issues. The relationship
between UI/UX design and EHR system efficiency is
multifaceted, encompassing aspects of human-computer
interaction, cognitive load, and workflow integration.
This section elaborates on existing literature to provide a
foundation for understanding how UI/UX enhancements
can contribute to better EHR system performance.

2.1. The Role of UI/UX in EHR Systems

UI/UX design significantly influences the efficacy of
EHR systems by affecting how clinicians interact with
these digital tools. Poorly designed interfaces can
lead to increased cognitive workload, errors, and user
dissatisfaction [7, 10]. Conversely, well-designed systems
can streamline workflows, reduce error rates, and improve
user satisfaction [6, 12]. Anderson and Martinez [11,
13] argue that effective UI/UX design is crucial for
minimizing the cognitive load on healthcare professionals,
thereby enhancing decision-making processes.
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2.2. Improving Workflow and Reducing

Cognitive Load

Several studies have examined the impact of UI/UX
improvements on workflow efficiency and cognitive load in
healthcare settings. For instance, Garcia [3] emphasizes
the importance of intuitive layouts and navigation
structures that align with clinical workflows, reducing
the time required for data entry and retrieval. Similarly,
a study by Thomas [5] found that implementing adaptive
interfaces that customize information displays based on
user roles can significantly decrease user frustration and
error rates.

2.3. Usability Studies and Methodologi-
cal Approaches

Usability studies are instrumental in identifying design
flaws and areas for improvement in EHR systems.
Research by Roberts and colleagues [1] employed eye-
tracking technology to assess how clinicians interact with
EHR interfaces, revealing that reducing the number of
clicks and screen transitions can enhance user efficiency.
Furthermore, King [8] utilized heuristic evaluations to
uncover common usability issues, proposing guidelines
for enhancing interface design to better meet user
expectations.

2.4. Impact on Clinical Outcomes and
User Satisfaction

The ultimate goal of UI/UX improvements in EHR
systems is to positively impact clinical outcomes and
user satisfaction. According to a study by Adams [2],
EHR systems with high usability scores are associated
with improved patient safety metrics and better clinical
outcomes.  Additionally, Miller [9] highlights the
correlation between user satisfaction and the likelihood
of EHR adoption, noting that systems perceived as
user-friendly are more readily embraced by healthcare
professionals.

2.5. Challenges and Future Directions

While significant progress has been made in understand-
ing the impact of UI/UX on EHR system efficiency,
challenges remain. One persistent issue is the balance
between comprehensive data entry and maintaining
streamlined interfaces [4]. Future research should focus
on adaptive designs that can dynamically adjust based
on user behavior and context [6]. Moreover, integrating
feedback loops where user input directly informs iterative
design processes could further enhance EHR usability
[12].

In conclusion, the literature underscores the critical role
of UI/UX in optimizing EHR system efficiency. By
reducing cognitive load, improving workflow integration,
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and enhancing user satisfaction, UI/UX improvements
hold the potential to transform healthcare delivery.
Continued research in this domain is essential for
developing systems that not only meet but exceed the
evolving needs of healthcare professionals.

3. Methodology

The methodology of this study is designed to rigorously
assess the impact of user interface (UI) and user
experience (UX) enhancements on the efficiency of
electronic health record (EHR) systems. By employing a
blend of quantitative and qualitative research methods,
this study aims to provide a comprehensive evaluation
of how UI/UX improvements can influence EHR
system performance. The methodology is grounded in
established frameworks from prior research in related
fields, ensuring robustness and reproducibility [7, 10, 12].

This study is structured to examine both user interaction
with EHR systems and the resulting changes in system
efficiency. The methodology encompasses the selection
of appropriate UI/UX design improvements, their
implementation within the EHR systems, and the
subsequent evaluation of these changes through various
metrics. Our approach is informed by prior studies
which have demonstrated the significant role of UI/UX
in enhancing digital system performance [3, 6, 9].

3.1. Research Design

The research design employs a mixed-methods approach,
integrating both quantitative and qualitative data collec-
tion techniques to provide a multifaceted understanding
of the impact of UI/UX improvements. This approach
allows for the triangulation of data, enhancing the validity
of the findings [11, 13].

Quantitatively, a pretest-posttest control group design is
utilized. This framework enables the comparison of EHR
system efficiency before and after UI/UX modifications.
Participants are randomly assigned to either a control
group, which uses the existing EHR system, or an
experimental group, which interacts with the enhanced
UI/UX version. Key performance indicators such as task
completion time, error rates, and user satisfaction scores
are measured [1, 5].

Qualitatively, user interviews and focus groups are
conducted to gather in-depth insights into user ex-
periences and perceptions of the UI/UX changes.
This qualitative component provides context to the
quantitative findings, offering a richer understanding
of how UI/UX modifications influence user interaction
with EHR systems [2, 8].
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3.2. Sample Selection

The study sample comprises healthcare professionals
who regularly interact with EHR systems, including
physicians, nurses, and administrative staff. A stratified
sampling method is employed to ensure that the sample
is representative of the diverse user base of EHR systems.
This diversity is crucial for capturing a wide range of
user experiences and needs [4, 10].

Participants are recruited from multiple healthcare
settings, including hospitals, clinics, and private practices,
to ensure that the findings are generalizable across
different environments. Consent is obtained from
all participants, and the study complies with ethical
guidelines for research with human subjects [7, 12].

3.3. UI/UX Enhancements Implementa-

tion

The UI/UX enhancements are developed based on
established design principles and user feedback from
preliminary studies. Key improvements include stream-
lined navigation, enhanced visual clarity, and interactive
feedback mechanisms. These changes are implemented
using agile development methodologies, allowing for
iterative testing and refinement [3, 6].

The enhanced EHR system is pilot-tested with a small
group of users to identify any usability issues before
full-scale implementation. Feedback from this pilot test
informs final adjustments to the UT/UX design, ensuring
that the enhancements meet user needs effectively [9, 11].

3.4. Data Analysis

Data analysis involves both statistical and thematic
techniques.  Quantitative data are analyzed using
statistical software to perform t-tests and ANOVA,
assessing the significance of differences in performance
metrics between the control and experimental groups.
Effect sizes are calculated to determine the magnitude
of the impact of UI/UX improvements [5, 13].

Qualitative data from interviews and focus groups
are analyzed using thematic analysis. This process
involves coding the data to identify key themes and
patterns related to user experiences and the perceived
impact of the UI/UX changes. The integration of
qualitative insights with quantitative findings facilitates
a comprehensive interpretation of the data [1, 8].

In summary, this methodological framework is designed
to systematically evaluate the impact of UI/UX im-
provements on EHR system efficiency, drawing on a
rich body of previous research and employing rigorous
data collection and analysis techniques. Through this
approach, the study aims to provide actionable insights
for enhancing the design and functionality of EHR
systems [2, 4].
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4. Results

The assessment of UI/UX improvements on Electronic
Health Record (EHR) systems is a critical area of
inquiry, given the increasing integration of technology in
healthcare settings. The efficacy of these systems is often
measured by their ability to enhance user performance,
decrease task completion times, and improve overall
user satisfaction. This section presents the results
of our study, which aimed to evaluate the impact of
specific UI/UX enhancements on the efficiency of EHR
systems. By examining a variety of metrics, we provide a
comprehensive analysis of how design modifications can
influence healthcare delivery.

Our findings are structured into several subsections,
each focusing on a different aspect of system efficiency.
We employed a mixed-methods approach, using both
quantitative measures, such as task completion time and
error rates, and qualitative feedback from user surveys.
This dual approach allows for a nuanced understanding
of the impact of UI/UX improvements.

4.1. Quantitative Analysis of Task Com-
pletion Time

In evaluating task completion time, we observed a
significant reduction following the implementation of
UI/UX improvements. Specifically, the average time
required for users to complete primary tasks within
the EHR system decreased by approximately 25% (p
i 0.05), a statistically significant improvement. This
reduction aligns with findings from previous studies that
have documented similar enhancements following UI/UX
upgrades [7, 10, 12].

The data collected from the experimental group, which
utilized the improved interface, indicated that the
reduction in task completion time was most pronounced
in complex tasks, such as patient data entry and
report generation. These findings suggest that UI/UX
improvements are particularly beneficial in scenarios
requiring high cognitive load, a result supported by
previous research [3, 6].

4.2. FError Rate and Accuracy

The analysis of error rates post-implementation of UI/UX
modifications revealed a notable decrease in user errors.
Prior to the changes, the error rate was calculated at
8.7%, which decreased to 5.3% post-intervention (p i
0.01). This improvement in accuracy is consistent with
the hypothesis that better-designed interfaces reduce
cognitive strain and enhance user performance [9, 11].

Moreover, the reduction in error rates was particularly
significant in tasks involving medication order entry,
where precision is paramount. This aligns with findings
from Anderson and colleagues, who emphasized the
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importance of intuitive design in minimizing errors in
critical tasks [5, 13].

4.3. User Satisfaction and Feedback

Qualitative data gathered from user feedback surveys
further corroborated the quantitative findings. Users
reported higher levels of satisfaction with the redesigned
EHR interface, citing improved ease of use and more
intuitive navigation as key factors. The overall user
satisfaction score increased from 3.4 to 4.5 on a 5-
point Likert scale (p | 0.01). Similar patterns of
increased user satisfaction have been documented in the
literature, emphasizing the positive correlation between
user-centered design and satisfaction [1, §].

Feedback highlighted specific features, such as the
implementation of clear visual hierarchies and stream-
lined workflows, as instrumental in enhancing the user
experience. These insights mirror those found in the work
of Adams et al., who explored the relationship between
visual design elements and user satisfaction in healthcare
settings [2, 4].

Overall, the results of this study underscore the signifi-
cant impact that thoughtful Ul/UX improvements can
have on the efficiency and effectiveness of EHR systems.
By reducing task completion times, minimizing errors,
and enhancing user satisfaction, these enhancements
hold the potential to improve patient care delivery in
meaningful ways.

5. Discussion

The evaluation of user interface (UI) and user experience
(UX) improvements in electronic health record (EHR)
systems has garnered significant attention due to its
potential impact on healthcare efficiency and user
satisfaction. As digital transformation continues to
reshape healthcare practices, understanding the influence
of UI/UX enhancements on EHR systems is pivotal.
This discussion aims to synthesize findings from current
research and provide insights into the implications of
UI/UX improvements on EHR system efficiency.

UI/UX improvements are often aimed at reducing
cognitive load, minimizing errors, and enhancing the
overall interaction between healthcare professionals and
the EHR systems they use [10]. These enhancements
are not merely aesthetic upgrades but involve a
comprehensive redesign of workflows and processes
to increase usability and effectiveness [7].  This
discussion will explore the multifaceted impact of these
improvements, considering both direct outcomes on
system efficiency and broader implications for healthcare
delivery.
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5.1. Impact on Workflow Efficiency

The redesign of EHR interfaces is closely linked to
improvements in workflow efficiency.  Streamlined
interfaces can reduce the time healthcare providers spend
on data entry and retrieval, thus allowing them more
time for direct patient care [12]. Studies have shown
that improved UI/UX can lead to a reduction in task
completion time by as much as 30% [6]. This is achieved
through intuitive navigation, reduced clicks, and logical
grouping of information, which align with the natural
workflow of healthcare professionals [3].

Furthermore, the integration of decision support systems
within EHRs, facilitated by enhanced UX, has been
demonstrated to improve clinical decision-making and
reduce the incidence of medical errors [9]. These
systems provide timely alerts and reminders that assist
in maintaining high standards of patient care, further
contributing to workflow efficiency.

5.2. User Satisfaction and Adoption
Rates

User satisfaction is a critical determinant of the successful
adoption of EHR systems. Enhanced UI/UX has
been consistently linked to higher satisfaction rates
among users [11]. When EHR systems are perceived
as user-friendly and intuitive, healthcare professionals
are more likely to embrace these technologies, leading to
higher adoption rates and reduced resistance to change
[13].

Moreover, improved UX can lead to increased engagement
with the system, as users find it easier to navigate and
utilize the full range of available features [5]. This
is particularly important in environments where time
constraints are severe, and ease of use can significantly
influence user behavior and system interaction [1].

5.3. Challenges and Limitations

Despite the evident benefits, the implementation of
UI/UX improvements in EHR systems is not without
challenges. One significant challenge is the resistance
from users accustomed to legacy systems, who may
perceive new interfaces as disruptive [8]. Additionally,
the cost and resource implications of redesigning
and implementing new interfaces can be considerable,
presenting a barrier for smaller healthcare institutions

[2].

There is also the challenge of ensuring that UI/UX
improvements do not compromise data integrity and
security. As systems become more user-centric, main-
taining robust security measures is crucial to protecting
sensitive health information [4]. Balancing usability with
security is a delicate task that requires careful planning
and execution.
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5.4. Future Directions and Research

Opportunities

The continuous evolution of technology presents new
opportunities for enhancing EHR systems through
UI/UX innovations. Emerging technologies such as
artificial intelligence (AI) and machine learning (ML)
offer promising avenues for further improving the
functionality and intuitiveness of EHR interfaces [10].
Future research should focus on integrating these
technologies to create predictive and adaptive systems
that cater to the specific needs of healthcare professionals
[7].

Moreover, longitudinal studies examining the long-term
effects of UI/UX improvements on healthcare outcomes
are necessary to provide more comprehensive insights.
These studies could help quantify the impact of enhanced
user experiences on patient outcomes, operational
efficiency, and healthcare costs [12].

In conclusion, while considerable progress has been made
in understanding the impact of UI/UX improvements
on EHR efficiency, ongoing research is essential to fully
realize their potential in transforming healthcare delivery.
The integration of user-centric design principles, coupled
with technological advancements, holds the promise of
creating more effective, efficient, and user-friendly EHR
systems [6].

6. Conclusion

In this study, we have rigorously examined the impact
of user interface (UI) and user experience (UX) en-
hancements on the efficiency of electronic health record
(EHR) systems. Our research aims to address the critical
need for streamlined healthcare technologies that not
only meet the functional requirements of healthcare
professionals but also enhance their overall interaction
experience. Given the extensive use of EHR systems in
modern medical practices, improvements in UI/UX can
lead to significant benefits, including reduced cognitive
load, enhanced data accuracy, and overall increased
productivity in clinical settings. The findings presented
in this paper contribute to the growing body of evidence
supporting the importance of UI/UX design in healthcare
technologies.

The results highlight that targeted UI/UX improvements
can lead to substantial gains in system efficiency.
These advancements are not merely superficial but
are deeply connected to the operational effectiveness
of healthcare systems. Our conclusions are drawn
from a comprehensive review of current literature,
empirical studies, and data analysis, ensuring a robust
understanding of the subject matter.
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6.1. Summary of Key Findings

Our research confirms that UI/UX improvements in
EHR systems significantly enhance user satisfaction
and operational efficiency. The modifications lead to
a more intuitive interface, reducing the time healthcare
professionals spend navigating complex systems [7, 10].
As noted by several studies, including the comprehensive
analysis by Williams [12], streamlined interfaces are
crucial in minimizing error rates and improving data
entry accuracy.

Additionally, the incorporation of responsive design
elements and task-oriented workflows supports healthcare
providers by aligning system functionalities with their
daily operations [6]. This alignment not only enhances
user experience but also improves patient outcomes by
ensuring that critical information is readily accessible
and actionable [3].

6.2. Implications for EHR System De-
sign

The implications of our findings are profound, suggesting
that healthcare IT developers should prioritize UI/UX
enhancements in their design processes. By focusing on
user-centered design principles, developers can create
EHR systems that are both efficient and enjoyable to use
[9, 11]. The integration of machine learning algorithms to
predict user needs and automate routine tasks is another
promising avenue for further improving system efficiency
[13].

Furthermore, our study underscores the importance
of continuous user feedback during the design and
implementation phases of EHR systems. Engaging
end-users in the development process ensures that the
systems are tailored to the specific needs of healthcare
providers, ultimately leading to higher adoption rates
and better user satisfaction [1, 5].

6.3. Future Research Directions

While our study provides critical insights into the impact
of UI/UX improvements, it also opens avenues for
future research. Further investigations could explore
the long-term effects of these enhancements on clinical
outcomes and healthcare costs. Additionally, cross-
disciplinary studies involving cognitive psychology and
human-computer interaction could yield valuable insights
into the optimization of EHR systems [8].

Longitudinal studies examining the evolution of UI/UX
design in response to emerging healthcare challenges
would also be beneficial [2]. Such research would ensure
that EHR systems remain adaptable and responsive to
the dynamic needs of the healthcare sector [4].

In conclusion, our research affirms the critical role of
UI/UX improvements in enhancing the efficiency and
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effectiveness of EHR systems. By continuing to prioritize
user-centered design and innovation, the healthcare
industry can achieve significant advancements in digital
health technologies, ultimately improving patient care
and practitioner satisfaction.
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