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ABSTRACT
Diabetes mellitus (DM) is a prevalent global health concern, necessitating effective monitoring and
management solutions. This study introduces a novel Comprehensive Diabetes Monitoring Device (CDMD)
and a dietary monitoring device, designed to enhance health management for individuals with diabetes and
those seeking to improve their dietary habits. The CDMD integrates continuous glucose monitoring with
personalized health insights and activity tracking, providing real-time data for informed health decisions.
Similarly, the dietary monitoring device aims to simplify the process of dietary monitoring, allowing users
to effortlessly track their food intake and make informed decisions based on consumption data. Both devices
prioritize user-friendliness and portability, aiming to seamlessly integrate into users' daily lives and enhance
their overall quality of life. Through thorough analysis using triangulation methods; readings, user and
experts feedback, and the application of Feldman’s theory of product appreciation as an analysis, these
devices present promising solutions to current monitoring challenges while enhancing health management
efforts. By incorporating Feldman’s four-step framework—description, analysis, interpretation, and
evaluation—the design process effectively refines the value of design concepts. This approach ensures that
the CDMD are not only functional but also align with user needs and aesthetic considerations, offering a
well-rounded and user-centered solution to modern health monitoring challenges.

1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder that presents a significant global health
challenge, particularly in regions with a high prevalence of the disease. (27) Effective management of
diabetes requires a multifaceted approach that includes regular monitoring of blood glucose levels,
lifestyle modifications, and adherence to medication regimens. (8)(9)(28) In response to the growing
need for innovative solutions to improve diabetes management, this project aims to introduce an
innovative product design purposely for a CDMD which is designed to enhance health management

for individuals with diabetes.

Fig-1: An example of existing product CDMD. (a) One Touch Ultra Plus Flex (b): Dexcom G6 CGM
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The motivation for this project stems from the limitations of existing diabetes monitoring devices, as
suggested by (29) that it lack of integration of key health parameters and fail to provide continuous
real-time data (3) as shown in Fig. 1. The CDMD seeks to address these limitations by incorporating
advanced technology to continuously monitor glucose levels while also providing features such as
physical activity tracking and personalized health insights. (2) By offering a comprehensive approach
to diabetes management, the device aims to empower individuals with diabetes to take control of their
health and make informed decisions about their care. (11)

In this research and development, will presents the rationale, development process, and potential
impact of the new outlook of CDMD. The research begins by discussing the prevalence and
significance of diabetes as a global health concern, highlighting the need for innovative solutions to
improve disease management. (2) Subsequent sections of the research and development delve into the
technical background, design considerations, and evaluation processes that shaped the development of
the device. Additionally, it discusses the implications of findings and the broader significance of the
CDMD in the realm of health management.

Overall, this research and development serves as a platform to communicate the efforts undertaken to
develop the CDMD and its potential to revolutionize diabetes management. By introducing a newly
design that goes beyond traditional glucose monitoring gadgets, (9) it aims to contribute to improving
health outcomes for individuals with diabetes and ultimately enhance their overall quality of life.

The design and functionality of existing diabetes monitoring devices present several challenges that
hinder effective health management for individuals with diabetes. (1) Firstly, most of the existing
devices lack a user-friendly interface and employ complicated data entry methods, making it difficult
for users to accurately input their dietary information. (6) This complication may result in users’
frustration, potentially undermining their commitment to consistently monitor their dietary habits. (12)
Secondly, current devices frequently lack the capability to deliver clear and actionable insights
regarding users' dietary and nutritional habits, resulting in ambiguity in interpreting the collected data.
(13) The absence of proper guidance hinders individuals from making well-informed decisions and
necessary adjustments to their dietary habits, which can impact their overall health and well-being.
(14) Finally, the lack of portable diet monitoring devices presents a major obstacle for frequent
travelers, making it difficult for them to monitor their nutrient intake while on the move. (12) This
highlights the necessity for a CDMD that resolves these design challenges by providing a user-friendly
interface, clear insights, (15) and portable functionality, (16) thereby improving health management
for individuals with diabetes.

2. Research Methodology

In obtaining the latest and critical information pertaining to the research, all information and data
collection was carried out according to the processes of combining three research methodologies;
literature review, observations, and interviews.

As a part of research, triangulation strengthen the credibility and reliability of this research by using
multiple methods to confirm findings across different data sources. This to ensures results are not just
influenced by one method or observer. (17) By examining various aspects of a topic, it provides a well-
rounded understanding of complex issues and offers deeper insights into human behaviour. (17) It also
minimizes the weaknesses of individual methods, reducing biases and improving the consistency of
findings. As suggest by Vivek, any conflicting data arise, triangulation will encourage further
investigation, helping to refine assumptions and hypotheses. (18)

3. Literature Review

The literature review was conducted by consulting trusted sources, including books, magazines, and
journals. Additionally, internet sources were utilized by referring to research-relevant websites. This
review compiled information on diabetes monitoring devices, focusing on their comprehensiveness
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and impact on health management. (19) (20) Technological advancements in this field were also
explored, with particular emphasis on user experiences and clinical outcomes associated with
comprehensive diabetes monitoring.

Existing research underscores the significance of user-friendly interfaces and advanced data tracking
capabilities in diabetes monitoring devices. (22) Studies have also highlighted the potential benefits of
these devices in enhancing overall health management for individuals with diabetes, such as improved
glycaemic control, better adherence to treatment plans, (7) and an enhanced quality of life. (23)
Overall, the literature review offers valuable insights into the efficacy, usability, and potential benefits
of advanced monitoring devices for individuals with diabetes. (20) (24) By synthesizing existing
studies and technological advancements, this comprehensive approach contributes to a deeper
understanding of how diabetes monitoring devices can positively impact health management
outcomes.

Direct Observations

The direct observation method plays a pivotal role in the data collection process for understanding the
current landscape (26) especially for diabetes monitoring devices. This approach involves
systematically examining various products available in the market, focusing on their physical
appearance, features, user interface, and overall functionality. (25) Through direct observation,
valuable insights into the strengths, weaknesses, and opportunities for improvement of existing
products can be gleaned. (21) Furthermore, analyzing users' interactions and experiences with these
devices provides invaluable feedback for informing the design and development (10) of a CDMD. By
employing this method, the understanding of existing solutions is achieved, thereby facilitating the
enhancement of usability, functionality, and overall effectiveness (30) of the new monitoring device.

Interviews

Conducting structured interviews with individuals living with diabetes, healthcare professionals, and
stakeholders provides valuable qualitative data essential for the development of a CDMD. Utilizing
open-ended questions, participants are encouraged to share their experiences with current monitoring
devices, elucidate the challenges they encounter, and propose essential features they believe are
necessary. These interviews offer insights into user expectations, satisfaction levels, (5) and potential
areas for innovation. (31)(32) The qualitative data gathered from these interviews serve as a foundation
for the development process, ensuring that the resulting device aligns with the practical needs and
preferences of its intended users. (31) (32)

Identified Challenges

Through observations and interviews with stakeholders, medical experts, and patients on existing
monitoring device, several challenges were identified:

1. Complexity of Data Interpretation

Existing monitoring devices often present users with complex data sets that are challenging to interpret.
Users may struggle to understand their glucose readings and make informed decisions about their
health management.

2. Limited Integration with Lifestyle Factors

Many monitoring devices focus solely on glucose monitoring without integrating other important
lifestyle factors such as physical activity, diet, and sleep patterns. This lack of integration hinders users
from obtaining a holistic view of their health status.

3. User Interface Design

The user interface of current monitoring devices may be unintuitive and difficult to navigate, leading
to user frustration and decreased compliance with monitoring protocols.
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4. Portability and Convenience

Some monitoring devices lack portability and convenience, making it inconvenient for users to carry
them throughout their daily activities. This limitation may discourage users from consistently
monitoring their glucose levels.

5. Cost and Accessibility

The cost of monitoring devices and related supplies can be prohibitive for some individuals, limiting
their access to essential monitoring tools. Additionally, accessibility issues may arise in rural or
underserved areas where monitoring devices are not readily available.

Addressing these challenges will be crucial in the development of a comprehensive diabetes
monitoring device that effectively meets the needs of individuals with diabetes and facilitates enhanced
health management.

4. Design Process
Initiating the Design Process

The design process can be started by setting the design concepts which consist of design statement,
design objectives, design criteria, and target user as described in Table 1 below:

Table 1. Design Concepts of newly design CDMD

Design .
Concgpts Details
An innovative CDMD that seamlessly integrates advanced technology and user-
centric features to revolutionize diabetes management. Our design aims to go
beyond traditional glucose monitoring by incorporating technology to continuous
Design tracking of physical activity and providing personalized health insights. Focused
Statement and | on user-friendliness, the device will seamlessly integrate into the daily lives of
Aims individuals managing diabetes. By leveraging advanced sensors and data
analytics, it will offer real-time information to users and healthcare providers,
fostering a collaborative relationship and empowering individuals with
actionable insights to enhance overall health outcomes.
With the objectives is to understand the CDMD towards diabetic’s patients and
Design medicals, the focus also is to design a user-friendly device for effortless dietary
Obijectives monitoring. Furthermore, with the data, it is to create a device that apply newest

technology of applications to enhance the quality of life of people with diabetics.

Based on the specified design criteria, the proposed Comprehensive Diabetes

Monitoring Device should adhere to the following criteria:

a) User-Friendly Interface: The device should prioritize simplicity in data entry
methods, ensuring ease of use for individuals with varying levels of
technological proficiency.

b) Comprehensive Information and Insights: It should provide users with
detailed and actionable information about their glucose levels, dietary
choices, and overall health, enabling informed decision-making.

c) Portability: The device should be compact and lightweight, facilitating easy
transportation for individuals managing diabetes in various settings,
including during travel or daily activities.

d) Technological Integration: Leveraging modern technologies such as
smartphone connectivity or app integration, the device should enhance user
engagement and streamline data management processes.

Design Criteria
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Design

Concepts Details

The Comprehensive Diabetes Monitoring Device is tailored for individuals
diagnosed with diabetes, encompassing a wide range of age groups from
adolescents to geriatric patients. This device is particularly aimed at those seeking
to effectively manage their diabetes through continuous monitoring of glucose
levels, physical activity tracking, and personalized health insights. Additionally,
healthcare professionals, including physicians, and diabetes educators, are also
targeted users who can utilize the device to facilitate informed decision-making
and enhance overall health management for their patients with diabetes.

Target User

Design Embodiment

At this stage, several selected concept ideas will be developed and its form, size, style, appearance,
and such will be determined, bearing in mind the basic functions and processes of a CDMD (Fig-2).
Developed ideas will be evaluated and if needed the ideas will be amalgamated into a single design of
choice as desired. The researcher will also create a general production drawing to determine the real
form and dimension. A mock-up was developed to ascertain its appearance, form, size, production
process, and ergonomics. Before the completion of this stage, all design details appearing to be
troubling or uncertain must be addressed by the researcher. The general projection drawing will be
fully completed, so as the preparation of detailed information regarding diabetes monitoring device
design to ensure the smoothness of execution for the next design process.

Fig- 2: 3D development for design analysis

Design Appreciation

The appreciation process was conducted by the researcher at the conclusion of the design process to
formally recognize the values of the product design. Although there is no universally accepted model
or sequence for product appreciation in design, Feldman introduced a specific sequence in 1970 (10)
that has been widely referenced. He proposed four steps for appreciation: 1) Description, 2) Analysis,
3) Interpretation, and 4) Evaluation. Feldman emphasized that each step should be performed in this
order to achieve a comprehensive and precise explanation, starting from the initial description to the
final evaluation.

Description

In describing design concept of this project, it shows a modern and eco-conscious design, ensuring a
stylish and contemporary aesthetic while prioritizing environmental sustainability of CDMC.
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Designed with simplicity and attractiveness in mind, the device features a sleek form factor made from
environmentally-friendly materials, as suggest in few variants; a) Gun Metal, b) Clear Orange + Gun
Metal, and c) Bright Silver + Gun Metal. (Fig-3)

In term of power sources, it powered by a rechargeable lithium-ion battery, which integrates various
peripheral health monitoring tools, including thermometers, pedometers, heart rate monitors,
altimeters, light sensors, galvanic skin response (GSR) sensors, electrocardiogram (ECG or EKG)
sensors, UV sensors, GPS receivers, tiny speakers, and microSD cards. Nevertheless, the designs
support wireless technologies such as Bluetooth, Wi-Fi, and GPS to enable seamless connectivity.

Furthermore, it complemented by an associated connectivity that provides management and telemetry
for long-term biomonitoring. This universally to ensures ease of use and accessibility for individuals
managing diabetes without any pressure.

Fig-3: The CDMC design applies simplicity and attractiveness

Analysis

The CDMC exemplifies a forward-thinking approach to diabetes management by merging advanced
technology with eco-conscious design principles. Its sleek form factor and use of environmentally-
friendly materials underscore a commitment to both aesthetics and sustainability. The device’s
functionality is enhanced by the inclusion of various peripheral devices and wireless technologies,
which facilitate comprehensive health monitoring. The integration of a local touchscreen interface and
a smartphone app ensures that the device is accessible and easy to use for individuals managing
diabetes, promoting efficient health management and long-term biomonitoring. This innovative design
aligns with the evolving needs of diabetes management, offering a holistic solution that prioritizes user
experience and environmental responsibility. By addressing key challenges and incorporating
innovative features, the device has the potential to revolutionize how individuals with diabetes monitor
and manage their health.

Interpretation

With the CDMC represents a significant advancement in diabetes management, its combining cutting-
edge technology with eco-conscious design principles. Its sleek and environmentally-friendly design
not only enhances its visual appeal but also demonstrates a commitment to sustainability. By
integrating a wide range of peripheral devices and wireless connectivity options, the design offers
comprehensive health monitoring capabilities, empowering individuals with diabetes to make
informed decisions about their health. The integration of an integral touchscreen interface and an
application further improves accessibility and ease of use, ensuring smooth integration into everyday
routines. This multifunctional use in a design with user-centric features hold promise for improving
health outcomes and facilitating proactive diabetes management. Overall, the CDMC exemplifies a
holistic approach to health management, prioritizing both user experience and environmental
responsibility.
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Evaluation

The CDMC illustrates a notable advancement in diabetes care through its innovative design and
technological integration. Its modern and environmentally-friendly design, combined with an
extensive range of health monitoring features, highlights a dedication to user-focused and sustainable
solutions. The device’s versatile functionalities, including an advancement in technology. (Fig-4)
Nevertheless, while the device shows potential in improving health outcomes for those managing
diabetes, further assessment and trials are necessary to evaluate its practical effectiveness and user
satisfaction. Ongoing refinement and enhancement based on user feedback and clinical validation will
be essential for ensuring the device’s long-term success in improving health management for
individuals with diabetes.

b)

Fig-4: The design evaluation of newly design CDMD towards versatile functionalities a) ideation
sketch b) explanatory sketch, and c¢) persuasive sketch

5. Problem Solution & Recommendations

Based on findings, there are several avenues for further studies and analyses. Firstly, future research
should focus on refining the device's accuracy and reliability by addressing limitations and improving
calibration methods. Additionally, studies should explore the long-term effectiveness of the device in
improving diabetes management outcomes, such as glycemic control and quality of life. Furthermore,
it would be valuable to investigate the feasibility of integrating the device with mobile applications or
wearable technologies to enhance user experience and engagement. Moreover, cost-effectiveness
studies are warranted to evaluate the economic impact of implementing the comprehensive diabetes
monitoring device in different healthcare settings.

6. Closing Remarks

In conclusion, the development of the newly designed CDMC represents a significant advancement in
diabetes management. By addressing key challenges and incorporating innovative features, this device
has the potential to revolutionize how individuals with diabetes monitor and manage their health. The
integration of user-friendly interfaces, advanced technology, and comprehensive health monitoring
capabilities demonstrates a commitment to empowering users and enhancing overall health outcomes.

Moving forward, it is crucial to continue refining and optimizing the device based on user feedback
and clinical validation to ensure its effectiveness and widespread adoption. Ultimately, we hope that
this device will play a pivotal role in improving the quality of life for individuals managing diabetes
and contribute to the advancement of diabetes care on a global scale.
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