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ABSTRACT

This study aims to investigate user satisfaction with energy-saving features in smart home systems, providing insights
into users' experiences, preferences, and perceptions. A diverse group of survey participants, representing various
demographics and levels of familiarity with smart home systems, contributed to this research. The results offer
detailed insights into user contentment regarding various aspects of energy efficiency, cost reduction, ease of use,
customization, control, and system reliability. While a substantial number of users expressed satisfaction with their
smart home systems' energy-saving features, the survey reveals differing satisfaction levels across various aspects.
Users reported high levels of satisfaction with cost savings and ease of use, with most expressing contentment or even
high satisfaction. Customization and control features also received positive feedback, aligning with users' desire for
personalized automation. This study underscores the importance of system reliability and performance, as users
largely attributed their overall satisfaction to the dependability and effectiveness of their smart home systems.
However, there is room for improvement, especially for users facing occasional technical challenges. The examination
of usage patterns revealed a wide range of engagement levels, from daily interaction to infrequent or non-engagement
with smart home systems. Despite this diversity, the overall user satisfaction rating averaged 7.67 on a scale of 1 to
10, indicating a generally favorable perception of the energy-saving features in these systems. User-generated
recommendations for improvement included enhancing user interfaces, improving interoperability with other devices,
and providing more comprehensive energy consumption analytics. In summary, this research provides valuable
insights into user satisfaction regarding energy-saving features in smart home systems, highlighting strengths and
areas needing refinement. These findings offer guidance for designers, manufacturers, and policymakers aiming to
enhance user experiences and promote energy efficiency in the dynamic realm of smart home automation.
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1. INTRODUCTION

The intersection of technology and sustainability has ushered in a new era where homes are becoming more intelligent
and environmentally conscious. Smart home systems, equipped with various energy-saving features, have emerged as
significant players in this transformative landscape. These systems offer homeowners the potential for improved
control, comfort, and cost savings while also contributing to lower energy consumption and a reduced environmental
footprint. As the adoption of smart home technology accelerates, it becomes increasingly important to gauge user
satisfaction with these energy-saving functionalities, as it directly impacts their acceptance, usage, and the realization
of their full potential in promoting energy efficiency. The integration of smart home systems has experienced
substantial growth in recent years, driven by advancements in Internet of Things (IoT) technology, artificial
intelligence, and the growing demand for sustainable living. These systems encompass a diverse range of components,
including smart thermostats, lighting controls, appliances, and home energy management systems, among others. By
automating and optimizing energy usage, smart home systems aim to minimize waste and lower energy bills while
also accommodating user preferences and enhancing comfort. [1,14] While the potential benefits of smart home
systems in the realm of energy efficiency are evident, their actual impact depends significantly on user satisfaction.
User satisfaction, in this context, refers to the extent to which individuals find the energy-saving features of their smart
home systems effective, user-friendly, and aligned with their needs and expectations. It encompasses their overall
contentment with the systems' performance, usability, reliability, and the degree to which they achieve the intended
energy-saving goals. [2,4,7] Understanding user satisfaction is a multifaceted endeavor that encompasses various
facets of interaction between individuals and their smart home systems. It delves into the effectiveness of energy-
saving features in reducing energy consumption and associated costs, as well as the ease with which users can interact
with and customize their systems. Additionally, it explores the reliability and performance of these systems, which are
paramount in sustaining user trust and continued adoption. Smart home systems have evolved from being a niche
technology to becoming an integral part of modern households. [3,15] The proliferation of Internet of Things (loT)
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devices and advancements in artificial intelligence (Al) have propelled the adoption of smart home automation
systems. These systems are designed to enhance the control, convenience, and energy efficiency of residential
environments. Key components of smart home systems include smart thermostats, lighting control, smart appliances,
and home energy management systems. One of the primary objectives of smart home systems is to promote energy
efficiency. By leveraging real-time data, predictive analytics, and user preferences, these systems optimize energy
consumption, reduce wastage, and contribute to lower energy bills. Smart thermostats, as an example, learn user
behavior and adjust heating and cooling settings accordingly, resulting in significant energy savings. The integration
of renewable energy sources and grid management further amplifies the energy efficiency potential of smart homes.
[5,6,12] Other examples are, Smart home energy management systems which serve as the central hub for monitoring
and controlling energy consumption. These systems enable users to track energy usage, set preferences, and automate
energy-saving actions. Smart lighting systems allow users to control lighting remotely, schedule lighting events, and
adjust brightness to minimize energy usage. Motion sensors and daylight harvesting further improves efficiency.
Smart appliances control, included in refrigerators, washers, and ovens, can be controlled remotely and programmed
for energy-efficient operation. Users can receive notifications and make adjustments to optimize energy consumption.
Smart homes often integrate renewable energy sources such as solar panels and wind turbines. These systems generate
clean energy and reduce reliance on grid power, contributing to sustainability. [4,11] This research seeks to explore
and analyze user satisfaction with energy-saving features in smart home systems through a comprehensive survey-
based approach. It aims to provide insights into user experiences, preferences, and areas for improvement. The study
examines diverse user demographics, including age, gender, occupation, and experience with smart home technology,
to capture a holistic perspective on user satisfaction. Review of relevant studies examining user satisfaction with smart
home systems and energy-saving features have provided valuable insights into user experiences. Research has
revealed that user satisfaction is closely tied to several factors such as effectiveness on reduction of energy
consumption and utility bills, clear evidence of savings fosters positive perceptions. Second factor is intuitive
interfaces and user-friendly controls that contribute to higher satisfaction levels. [8,9,13]. Users appreciate systems
that are easy to set up and adjusted. Third factor is Smart home systems reliability, which must perform consistently
and reliably to maintain user satisfaction. Technical glitches and system failures can lead to frustration and
dissatisfaction. The fourth factor is systems customization; users value the ability to customize and personalize their
energy-saving settings. Systems that adapt to individual preferences are more likely to satisfy users. The fifth factor is
adequate user support, including customer service and troubleshooting resources, plays a pivotal role in user
satisfaction. While existing literature provides valuable insights into user satisfaction with smart home systems and
energy efficiency, several gaps such as users diversity (age, gender, technical proficiency) to understand preferences
and challenges, Few research has investigated long-term user satisfaction and the factors that influence continued
satisfaction or dissatisfaction with smart home systems. The integration of different technologies is essential
considering the growing complexity of smart home ecosystems, research into user satisfaction with interactions
between various devices is an option. The ethical implications of data privacy, security, and consent in smart homes
require more comprehensive examination, as these factors can significantly influence user satisfaction and trust. No
doubt, smart home systems hold significant potential for enhancing energy efficiency, and user satisfaction, is a
critical factor in realizing this potential. While existing literature offers valuable insights, addressing the identified
gaps will contribute to a more holistic understanding of user satisfaction and inform the development of user-centric,
energy-efficient smart home systems.

2. METHODOLOGY

The methodology employed, presenting detailed survey results, discussing implications, and offering
recommendations for enhancing user satisfaction with energy-saving features in smart home systems are discussed
here. Ultimately, this research contributes to the broader discourse on the role of smart homes in promoting energy
efficiency, sustainability, and user-centric design. It also underscores the importance of user satisfaction as a driving
force behind the successful integration and realization of energy-saving potential within the contemporary smart home
environment.

2.1 Explanation of the Theoretical Foundation- The theoretical foundation guiding research on smart home
systems and energy efficiency encompasses a multidisciplinary approach that combines principles from various
fields, including technology adoption, user-centered design, and energy behavior modeling. [3,14] This
framework aims to understand and predict user interactions with smart home systems' energy-saving features,
thereby informing the design, implementation, and optimization of these systems. Relevant theoretical
perspectives include, Technology Acceptance Model (TAM), a well-established frame work which posits that
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perceived ease of use (PEOU) and perceived usefulness (PU) are key determinants of technology adoption.
Another is User-Centered Design (UCD) and Energy Behavior Models.

2.2 Research Design- A quantitative research design, which used numbers and measurements to gather information.
This approach helps in understanding how people feel about smart home systems and energy-saving features
more precisely. The rationale in this method is to collect data from many people and measure their satisfaction
with smart home systems' energy-saving features accurately as this helps in getting a clearer picture of what users
think.

2.3 Sampling Strategy and Participant Demographics- A diverse group of people were selected from different
backgrounds, ages, jobs, and experiences with smart home systems. This way, understanding of how various
people feel about these systems were recorded.

2.4 Data Collection Methods - Data were collected through surveys from 170 participants. Surveys like
questionnaires using a Likert scale where people answer questions about their experiences and opinions were
deployed. However, the two (2) key variables were User satisfaction and Energy-saving features while ensuring
ethical rules were followed.

2.5 Data Analysis Techniques- After collecting the survey answers, data analysis was done with descriptive
statistics and bidirectional bars chart were plotted to observe trends in the data to see how and what people
generally feel about smart home systems and energy-saving features.

3 RESULT AND DISCUSSION

3.1 Demographics

The research investigated one hundred and seventy (170) participants with diversities in Age: The majority of
respondents fall within the 31-45 age group (50%), followed by 18-30 (35%), 46-60 (10%), and 61+ (5%), Gender:
Responses are evenly distributed among male (45%) and female (50%) participants, with a small percentage (5%)
preferring not to disclose. Occupation: Survey participants represent various occupations, including healthcare
professionals (30%), engineers/technologists (20%), students (25%), and others (25%). And experience with smart
home automation systems: The majority of respondents (55%) have no prior experience, while 30% have limited
experience, and 15% have extensive experience.

Smart Home System Usage as shown in Figure 1 revealed that a higher percentage (46%) of these participants
deployed smart thermostat with appliances, Followed by 24% using smart lightings and rest of 30% uses smart
appliances, smart home energy management system and smart HVAC and smart blinds.

Smart Home System Usage

B Smart Thermostat

B Smart Lighting

Smart Appliances

Smart Home Energy Management System

Figure 1. Smart home system usage patterns

3.2 User Satisfaction

Respondents expressed varying levels of satisfaction with their smart home automation system's energy-saving
features as shown in Figure 2 with various indices such as energy efficiencies, cost savings, Ease of use, customization
and control, reliability and performance. For energy efficiency showed 70% (satisfied 45% + very satisfied 25%)
while 15% showed dissatisfaction. And the rest were neutral. Cost saving index showed 82% (satisfied 50% + very
satisfied 32%) while 8% showed dissatisfaction. Others were neutral. For the Ease-of-Use index it showed 81%
(satisfied 55% + very satisfied 26%) while 7% showed dissatisfaction, the rest were neutral. On customization and
control index showed 81% (satisfied 53% + very satisfied 28%) while 9 % showed dissatisfaction. And the rest were
neutral. For reliability index, showed 78% (satisfied 56% + very satisfied 22%) while 11% showed dissatisfaction.
And the rest 11%were neutral.
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Figure 2. Level of satisfaction with smart home automation systems energy saving
3.3 Usage Patterns:

Respondents reported diverse usage patterns as depicted in Figure 3, with 45% engaging with their smart home
automation systems on a daily basis, 30% on a weekly basis, 15% on a monthly basis, and 10% rarely or never.

Usage Patterns of Smart Home Automation

Daily Basis

WEEGAENS

Daily Basis ® Weekly Basis ™ Monthly ® Rarely or Never

Figure 3. Usage patterns of smart home automation
3.4 Improvement Suggestions:
A large number of respondents suggested improvements such as more intuitive user interfaces, enhanced
interoperability with other devices, and better energy consumption analytics.
The overall satisfaction rating, on a scale of 1 to 10, averaged at 7.67, indicating a generally positive perception of
smart home automation's energy-saving features. Several respondents shared positive experiences, highlighting
reduced energy bills and increased comfort. Others mentioned occasional technical glitches and a desire for greater
system customization. These survey results reflect a generally positive user satisfaction with smart home automation's
energy-saving features, with areas for improvement noted by respondents. The data provided valuable insights into
user perceptions and preferences in the context of energy-efficient smart home systems.
3.5 Interpretation of the Results:
In light of our research questions and objectives, the survey results provided valuable insights into user satisfaction
with smart home automation's energy-saving features. We found that users generally express satisfaction with these
features, highlighting their perceived effectiveness in reducing energy consumption and associated costs. This aligns
with our aim to gauge user sentiment regarding the technology's energy-saving capabilities.
3.5.1 Implications of User Satisfaction and Factors Influencing User Satisfaction
The level of user satisfaction uncovered in the study has significant implications for both the adoption and
effectiveness of smart home energy-saving features. High levels of satisfaction indicate that users are likely to
continue using and relying on these features in their daily lives. Low satisfaction levels might hinder adoption and lead
users to seek alternative energy-saving methods, reducing the overall effectiveness of smart home systems in
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achieving energy efficiency goals. The analysis suggests that user experience and system reliability are paramount
factors influencing user satisfaction. Users who reported a positive experience with their smart home systems,
including ease of use, customization options, and reliable performance, tended to express higher satisfaction levels.
This underlines the importance of user-centered design (UCD) principles and the need for system developers to
prioritize user-friendly interfaces and seamless functionality. Furthermore, technical glitches and system failures
emerged as potential sources of dissatisfaction. These findings emphasize the significance of system robustness and
reliability in maintaining user trust and satisfaction. Ensuring the consistent performance of smart home systems is
vital for their long-term acceptance and effectiveness.

3.5.2 Limitations and Sources of Bias

While our survey provided valuable insights, it is essential to acknowledge its limitations. One limitation is the
potential for self-report bias, where participants may overstate or understate their satisfaction levels. Additionally, our
sample might not fully represent all demographic groups, introducing potential bias in the results. Moreover, the cross-
sectional nature of our study limits our ability to capture long-term satisfaction trends.

4. CONCLUSION

In conclusion, this research offers an illuminating glimpse into user satisfaction with smart home automation's energy-
saving features. The positive sentiment was expressed by users both well for the adoption and effectiveness of these
features in promoting energy efficiency. However, the findings also underscore the critical roles of user experience
and system reliability in shaping satisfaction levels as corroborated by [2]. The future research can delve deeper into
the long-term satisfaction trajectories of smart home system users, considering how satisfaction evolves over time and
with system updates. Additionally, exploring the ethical dimensions of data privacy and security in smart homes needs
further investigation, given their potential influence on user satisfaction and trust. Continued interdisciplinary research
in this domain will further illuminate the path toward user-centric, energy-efficient smart home systems.
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