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Mobile devices play an important role in Health Information Systems (HIS), 
especially in rural and low-resource areas of Sudan, where they help improve 
access to and use of healthcare services. However, these devices still face 
major usability problems, such as difficult navigation, inconsistent interface 
designs, hard-to-use input methods, and poor compatibility between devices. 
These problems reduce the effectiveness of mobile devices in meeting the 
needs of underserved communities. This study examines the efficiency, 
effectiveness, and user satisfaction of HIS features in rural settings, using the 
After-Scenario Questionnaire (ASQ) to measure how well users complete 
tasks. A total of 113 people took part in the study, revealing specific usability 
patterns and ongoing difficulties. The results highlight important design and 
functionality issues in mobile health applications and show the urgent need 
for adaptable user interfaces based on user-centered design. Such interfaces 
would support the smooth completion of key health tasks and encourage 
wider use of HIS in low-resource environments. 
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1. Introduction 

*Health information systems (HIS) play a crucial 
role in modern healthcare. They support the 
collection, analysis, and sharing of essential data, 
enabling healthcare providers to make informed 
decisions and deliver high-quality services. Despite 
their potential to improve health outcomes, ensuring 
the usability and effectiveness of HIS in rural and 
low-resource settings remains challenging. In these 
contexts, particularly in low- and middle-income 
countries (LMICs), barriers such as unreliable 
internet connectivity, unstable power supplies, 
insufficient hardware, and a shortage of trained 
personnel often hinder the adoption and 
sustainability of HIS (Sanders et al., 2023). These 
challenges highlight the need to prioritize usability 
in the design of HIS to ensure they are practical and 
effective in such environments. Usability refers to 
how easily healthcare workers—often with limited 
experience using digital technologies—can 
understand, learn, and operate these systems. A 
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focus on usability ensures that HIS are not only 
functional but also accessible, user-friendly, and 
adaptable to the constraints commonly found in 
resource-limited settings (Adler-Milstein et al., 
2020). Designing HIS with these considerations in 
mind can help ease the workload of healthcare staff 
and enhance the quality of care they provide in 
challenging environments. To address these 
challenges, a user-centered design (UCD) approach is 
essential. UCD involves engaging end-users—such as 
healthcare workers, administrators, and sometimes 
patients—throughout the design and testing process. 
This approach helps ensure that HIS meet the actual 
needs of users and fit the specific context in which 
they will be implemented (Archer et al., 2021). For 
example, systems may include customizable tools for 
disease monitoring that focus on conditions 
prevalent in a particular region, thus making the 
technology more relevant and useful in daily 
practice. Usability challenges are particularly evident 
in rural and underserved areas, where the 
healthcare environment differs significantly from 
that of well-resourced urban settings. Healthcare 
workers in these regions may lack familiarity with 
digital systems, making it difficult for them to adopt 
HIS without intuitive interfaces and adequate 
training. Without careful attention to usability, HIS 
may be underutilized or even abandoned (Magrabi et 
al., 2021). This area of research is critical for 
advancing global health equity. Well-designed HIS 
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have the potential to reduce disparities in healthcare 
access, improve public health surveillance, and 
provide communities with better tools for health 
management. By addressing the unique challenges of 
rural and low-resource settings, HIS can become a 
key resource for delivering reliable, high-quality care 
and supporting data-driven healthcare decisions. 

2. Literature review 

The usability of HIS in rural and low-resource 
settings has become a critical research area as digital 
technologies are increasingly adopted in healthcare 
systems globally. HIS have the potential to transform 
healthcare delivery, improve patient outcomes, and 
optimize health management processes. However, 
their implementation in rural and underserved 
regions introduces unique challenges that demand a 
focused approach to usability. 

In many low-resource settings, particularly rural 
areas, infrastructural barriers such as poor internet 
connectivity, unreliable electricity, limited hardware, 
and a lack of trained personnel impede the effective 
use of HIS (Sanders et al., 2023). Moreover, 
healthcare workers in these regions often have 
limited digital literacy and may face language and 
cultural barriers that standard HIS designs 
frequently overlook (Adler-Milstein et al., 2020). 
These challenges result in low adoption rates, 
inefficient system use, and reduced impact on 
healthcare outcomes. Addressing usability is 
therefore essential to tailor HIS to users’ needs by 
ensuring they are user-friendly, language-inclusive, 
culturally sensitive, and functional under resource 
constraints (Archer et al., 2021). 

The World Health Organization (WHO, 2024) 
provides comprehensive guidelines for 
implementing digital health systems in low-resource 
environments, emphasizing usability and 
sustainability. For instance, Benson et al. (2023) 
studied HIS usability challenges in Kenya and 
highlighted the importance of adapting systems to 
local needs. Similarly, Muller et al. (2020) examined 
the role of HIS in improving maternal and child 
health in rural environments, identifying usability 
barriers and proposing solutions to enhance system 
accessibility and adoption. 

Global disparities in health spending amplify the 
importance of designing HIS for low-resource 
settings. In 2004, global health expenditures totaled 
$4.1 trillion, with the 30 OECD countries—
representing only 20% of the world’s population—
accounting for 90% of this amount (WHO, 2007). 
High-income countries spent an average of $3,724 
per capita on healthcare, while low-income countries 
spent just $32 per capita (WB, 2007). The WHO 
estimated that a minimum of $60 per person 
annually is required for a functioning health system, 
a level most low-income countries cannot meet. This 
funding gap makes it vital for HIS to support efficient 
resource allocation and decision-making in these 
regions (WB, 2007). Winter et al. (2010) described 
an HIS as the socio-technical subsystem of a 

healthcare institution, encompassing all processes 
and people involved in gathering, processing, 
storing, and sharing health data. Automated HIS 
(AHIS) aim to improve management decisions at all 
levels by facilitating data collection, processing, 
reporting, and use (Lippeveld et al., 2000). However, 
common obstacles in low-resource settings include 
redundant data entry, lack of timely feedback, and 
delays that render data outdated by the time 
decisions are made. Healthcare providers often lack 
clear guidelines and adequate tools for data 
collection, leading to incomplete, inaccurate, or 
irrelevant records (Muller et al., 2020). Centralized 
health systems further limit data utilization at 
district and community levels. 

Research shows that community-based care 
models have been effective in resource-constrained 
settings, especially for managing HIV, tuberculosis, 
and maternal health (Bulut et al., 1991; Farmer and 
Kim, 1998; Farmer et al., 2001). Mobile technologies 
are increasingly recognized as enablers of such care. 
For example, community health workers using 
mobile devices contributed significantly to 
improving child nutrition outcomes in developing 
countries (Sahay and Walsham, 2017). However, 
limitations such as lack of training, inadequate 
infrastructure, and financial constraints remain 
significant hurdles. HIS design in these contexts must 
embrace simplicity and frugality to ensure systems 
are both practical and sustainable (Sahay et al., 
2017). 

Despite global healthcare spending reaching $9.8 
trillion in 2021 (10.3% of GDP), low-income 
countries—comprising 8% of the world’s 
population—accounted for only 0.24% of this total 
(WHO, 2024). Per capita healthcare expenditure in 
these countries remains below $50 annually, 
compared to over $4,000 in high-income countries. 
This stark disparity underscores the necessity of 
well-designed HIS to strengthen health systems and 
promote equitable healthcare access. 

Lippeveld et al. (2000) identified five key 
challenges for HIS in such contexts: (1) data 
requirements set at management levels often 
overlook the technical capacity of local health 
workers; (2) health facilities frequently lack the tools 
for accurate data collection; (3) uniform data 
collection guidelines are seldom provided; (4) 
feedback to data collectors is rare, reducing 
motivation for maintaining data quality; and (5) 
delays in processing often render data obsolete for 
decision-making. These systemic issues often result 
in incomplete, duplicated, and low-quality data that 
fails to support effective healthcare management 
(Muller et al., 2020). 

3. Methodology 

Many challenges faced by users while using HIS 
were identified through observation and usability 
testing during their work. This paper focuses on 
examining the usability of HIS from the user’s 
perspective. Usability and accessibility issues were 
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evaluated, and user needs were identified by 
performing various tasks. 

3.1. Participants 

The focus group comprised individuals from rural 
areas, and the usability of various mobile 
applications was evaluated from their perspective. 
Participation in the study was entirely voluntary. A 
pre-experiment interview was conducted to assess 
participants’ familiarity with and proficiency in using 
mobile applications. This evaluation helped identify 
individuals capable of effectively interacting with 
and navigating mobile interfaces. Based on the 
interview results, thirty-three participants were 
excluded from the initial pool of 113. Specifically, 
thirteen participants were completely illiterate; ten 
had significant difficulty using touch-screen 
interfaces, particularly in controlling the on-screen 
keyboard; twelve had no prior experience with 
touch-screen mobile applications; and eight were 
excluded because their age fell outside the required 
range of 20 to 50 years. 

3.2. Material 

Each participant used a touch-screen Android 
smartphone running Android 7.1. To ensure they 
understood the tasks, audio and video 
demonstrations were provided before the start of 
each activity. The study involved various health-
related mobile applications and was conducted in a 
controlled laboratory setting. Participants were 
informed that they could withdraw from the 
experiment at any time if they wished or if they felt a 
task exceeded their abilities or expectations. In such 
cases, they were instructed to inform their mentor 
before leaving. The tasks assigned to participants 
included: 

 
1. Creating and managing a user profile 
2. Booking appointments 
3. Accessing medical records 
4. Receiving notifications and reminders 

 
Table 1 lists these tasks along with their 

corresponding mobile applications. 
 

Table 1: Tasks with assigned applications 
Tasks Tasks Description 

1 Create and manage profile 
It is related to registering using personal details (name, age, gender, contact, etc.) and updating medical 

history or personal health records. 
2 Book appointments It is related to searching for doctors or specialists, viewing availability, and booking appointments. 
3 Access medical records It is related to viewing past and ongoing prescriptions and accessing diagnostic reports or lab results. 

4 
Receive notifications and 

reminders 
It is related to getting reminders for medications or follow-up visits and receiving vaccination schedules. 

 

After completing each task on the mobile 
applications, participants were interviewed, and 
their behavior patterns were analyzed to gain deeper 
insights into their experiences and emotional 
responses during the study. Participants were 
required to perform each of the specified tasks. The 
outcomes of the observations included the time 
taken to complete each task and the number of tasks 
successfully completed. Recordings were stopped 
when participants indicated that they had finished 
the assigned activities. 

3.3. Usability evaluation 

The usability performance was assessed using 
three key metrics: effectiveness, efficiency, and 
satisfaction (Harrison et al., 2013). The ISO 9241-11 
standard was applied to evaluate effectiveness and 
efficiency. User satisfaction was measured using the 
After-Scenario Questionnaire (ASQ). During task 
execution, users may encounter mishaps, slips, or 
errors, which were also considered in the evaluation. 

Effectiveness reflects the proportion of tasks 
successfully completed and is calculated as:  
 
𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 =
(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑜𝑓 𝑡𝑎𝑠𝑘 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙𝑙𝑦)/
(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑎𝑠𝑘 𝑢𝑛𝑑𝑒𝑟𝑡𝑎𝑘𝑒𝑛) ∗ 100.                      (1) 
 

Efficiency refers to the resources—such as time, 
effort, and cognitive load—required to achieve the 
desired outcomes. It is measured as: 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =    
∑ ∑

𝑛𝑖𝑗

𝑡𝑖𝑗

𝑁
𝑖=1   

𝑅
𝐽=1   

𝑁×𝑅
                                (2) 

 
In this context, 𝑁 refers to the total number of tasks 
or goals assigned in the study, and 𝑅 represents the 
total number of users who participated. The variable 
𝑛𝑖𝑗  indicates the outcome of task 𝑖 for user 𝑗, where a 

value of 1 means the task was successfully 
completed and a value of 0 means it was not. The 
variable 𝑡𝑖𝑗  represents the amount of time taken by 

user 𝑗 to complete task 𝑖. If a task was not completed, 
the time was recorded up to the point when the 
participant stopped attempting the task. 

To assess user satisfaction, the ASQ was 
employed due to its simplicity and ability to provide 
a quick evaluation. The questionnaire uses a 7-point 
Likert scale ranging from 0 (strongly disagree) to 6 
(strongly agree) (Lewis, 2006). 

4. Results and discussion 

This section presents the findings on the 
effectiveness, efficiency, and user satisfaction of the 
HIS as perceived by rural residents. Fig. 1 illustrates 
the effectiveness of different tasks performed by 
users. The effectiveness rates for Task 1, Task 2, 
Task 3, and Task 4 are 87%, 48%, 40%, and 70%, 
respectively. Fig. 2 presents the efficiency of 
different tasks performed by users. The efficiency 
rates for Task 1, Task 2, Task 3, and Task 4 are 77%, 
38%, 25%, and 87%, respectively. 
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Fig. 3 shows the satisfaction levels for different 
tasks performed by users. The satisfaction scores for 
Task 1, Task 2, Task 3, and Task 4 are 7.62, 4.2, 3.71, 
and 9.52, respectively. 

 

 
Fig. 1: Overall percentage of usability effectiveness of tasks 

 

 
Fig. 2: Overall percentage of usability efficiency of tasks 

 

 
Fig. 3: Overall usability satisfaction of tasks 

5. Conclusion 

In the context of HIS, the usability evaluation of 
tasks for people living in rural areas was conducted 
using a structured experimental procedure; 
however, certain limitations remain. This study 
focused mainly on the basic tasks of HIS accessed 
through mobile applications. User background 
information, such as medical history, was not 
included in the analysis. Furthermore, the study 
considered only participants from rural areas. 
Usability testing was carried out in a controlled 
laboratory environment, without addressing diverse 
real-world conditions. Influential factors such as 
walking, time pressure, and crowded settings—
common in everyday smartphone use—were not 
examined. Despite these limitations, the study 

provides a detailed investigation of user interaction 
and usability across various HIS tasks. It also 
explores user expectations and key usability factors 
related to health information systems. The findings 
offer valuable insights for improving the design of 
mobile applications to better meet the needs and 
preferences of users. Future work should focus on 
developing user-centered HIS solutions tailored to 
the needs of people in Sudan. 
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