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Abstract: This study aims to explore the relationship between intelligent system adoption and
sustainability performance in the service economy, with a focus on aligning these technologies with the
United Nations Sustainable Development Goals (SDGs). A quantitative research design was employed,
utilizing survey data from 200 organizations across various service sectors. The data were analyzed
using descriptive statistics, correlation analysis, and multiple regression to examine the impact of
intelligent system adoption on sustainability outcomes, operational efficiency, and the barriers to SDG
alignment. The findings show a significant positive relationship between intelligent system adoption
and sustainability performance, indicating that organizations using intelligent systems report improved
environmental and operational outcomes. Additionally, intelligent system adoption is positively
correlated with SDG awareness and integration, while barriers such as financial constraints and lack of
expertise negatively impact sustainability efforts. The study concludes that intelligent systems can play
a critical role in driving sustainable business practices and enhancing organizational efficiency.
However, overcoming barriers to SDG alignment requires targeted policy interventions and financial
support. These findings provide practical insights for organizations seeking to leverage intelligent
systems for sustainability and contribute to the broader discourse on the role of digital technologies in
achieving global sustainability goals.

Keywords: Digital transformation, Barriers to sustainability, Intelligent system adoption, Operational efficiency, SDG
alignment, Service economy, Sustainability performance.

1. Introduction

In recent years, the incorporation of intelligent systems in the service sector has become a key
characteristic that has introduced change across sectors and new models of service delivery [17].
Starting from healthcare to education, from hospitality to finance, the concept of artificial intelligence
(AI) and intelligent systems opened new doors of opportunity for creating efficiency, innovative
customer experience, and growth [27. FFaced with the ongoing shift in focus towards service industries
in world economies, mechanical and software systems have gained a crucial role in optimization of
working processes, controlling the interaction with customers and offering support to business
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decisions. Still, the role of intelligent systems seems to be rather promising especially in terms of
contributing to the United Nations Sustainable Development Goals (UNSDG; Figures 2 and 3) which
are still being examined to a limited extent by researchers (among them Di Vaio, et al. [37). This
research aims at addressing this gap by developing a conceptual framework of how Intelligent System
Applications can be related to the achievement of the SDGs with the end result being a better
functioning and sustainable service economy for everyone.

The SDGs are the campaign works as a structural plan on which the whole globe need to perform to
eliminate essential problems of poverty, inequality, climate change, and environmental depletion [47].
Whilst industries adopt intelligent systems each with its particular need as a result of changes in the
market, applying intelligent systems in the service economy has to coincide with such primary
objectives of the global community. Though intelligent systems are quickly developing in such diverse
areas as manufacturing (SDG 9), responsible consumption and production (SDG 12), decent work and
economic growth (SDG 8), and climate action (SDG 13) [5] the research on how they can support SDG
achievement is limited. The potential of intelligent systems to transform industries makes it imperative
to investigate ways in which these technologies can be used for the common good, leveraging energy
efficient strategies, which address operational problems encountered in the service oriented sectors [6].
For instance, in case of intelligent system applications, Al driven solutions have made great strides in
improving diagnostic accuracy, patient management and treatment planning [77]. Big data analytics and
machine learning algorithms have been making intelligent systems that process big data such that it
accelerates human errors and improves the whole patient outcomes. However, the difficulty here comes
from making sure that such technological leaps to SDG 3 (Good Health and Well-being) is by making
healthcare services more available and equitable for different populations. This highlights the
opportunities intelligent systems have to support sustainable development by enabling several societal
issues to be addressed, and at the same time enhance operational efficiency.

The first critical problem lies in this disconnect between the advances in intelligent systems
technology and their compatibility with sustainability objectives. Despite leading to economic growth as
well as service delivery, Al and intelligent systems do not address the bigger sustainability issues [87].
This study is motivated by the need to bridge this gap, to ensure that the development and application
of intelligent systems within the service economy are concomitant with the SDGs. The challenge is not
to let global economic growth take place at the expense of environmental and social well-being given
that the service economy is an important driver of those aspects of global economic growth. Hence the
main problem tackled in this research is how we can conceptualize intelligent system applications that
enable sustainable development aligned to the SDGs [97. Three most fundamental objectives are
responsible for driving this study. In the first case, our attention is aimed at understanding how
intelligent systems may help achieve specific SDGs within the service economy. It also sets out to
construct a conceptual framework to merge intelligent systems with sustainability programs, so that
technological progress helps meet the lasting objectives of society. The third contribution of the study is
to identify the key challenges and opportunities for intelligent system application alignment with
sustainable development objectives, useful for policymakers and industry leaders. To achieve these
objectives, we will examine what case studies and industry examples tell us intelligent systems have
successfully been applied, and where areas where existing practice lags as an impediment to progress
towards sustainability [107].

The primary research question guiding this study is: What is the potential of ecological thinking to
guide the conceptualization of intelligent system applications in the service economy towards, and
within support of Sustainable Development Goals (SDGs)? Additional sub-questions include: More
specifically, what are the central problems and opportunities in making intelligent systems conducive to
achieving sustainability goals? and how can policy makers and business entities channel intelligent
systems to create a more sustainable and resilient service economy? Through answering these
questions, this study intends to offer a holistic analysis of the role of intelligent systems in fostering
sustainability as well as participation in SDGs. This study was motivated by the increasing realization
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that technology can and should be a significant part of solutions to global ills. Intelligent systems,
especially, will favor the service economy, which can improve processes, cut costs, and delight
customers [117. But the quick pace of tech development also threatens to be bad for society and the
planet. Intelligent systems have the opportunity to either enhance or mitigate problems of inequality,
resource depletion, and environmental degradation [7]. There is therefore an imperative to find how
intelligent systems can help improve service delivery and still enable the achievement of global
sustainability goals [127].

2. Literature Review

Over the years integrating intelligent systems in the operation of the service economy has been
given much concern due to improvements in the technology hence subsequent evolution of commercial
activities in economies. Al particularly, has emerged as a source of innovation on how it can deliver an
improved ways of services, enhanced customer experience, and a reduced level of complexity. Recent
studies focus on different aspects of intelligent systems in various sectors including potential of I.S. to
respond to the service economy as well as more global challenges such sustainability and inclusion [137.
However, the possibility of how these technologies may contribute, specifically in the region of United
Nations Sustainable Development Goals (UN-SDG), such as decent work and economic growth (SDG
8), responsible consumption and production (SDG 12) and climate change (SDG 13), has not been
explored by Kluczek, et al. [147].

New technologies such as Artificial Intelligence, machine learning and big data analytics have been
a really big factor for intelligent systems. This has helped the corporate in the service sector well in
managing organizational decision making processes, enhancing the customer’s relationship and the
overall market behavior forecasts [157]. Incorporating Al into recommendation system for instance has
significantly improved on customer’s satisfaction by utilizing personalized service and product
recommendations from the recommendation system to base on individual preferences [167]. In the field
of finance, intelligent systems have also facilitated complex task automation such as fraud detection, risk
assessment and financial planning and thus improved and secure service delivery [177]. Much of the
existing literature highlights operational benefits of intelligent systems, but awareness of growing
importance of intelligent systems to the service economy is also growing. One example is that recent
studies show that intelligent systems might foster new business opportunities and open new
productivity potential through the development of emergent industries, such as Al based healthcare and
education services [18, 197.

The transition to more sustainable business models is of increasing interest in the context of
sustainability and how intelligent systems can support such a transition. This could be applied, for
instance, to use of Al and machine learning algorithms for the optimization of the energy consumption,
utilization of abundant resources and support of more sustainable supply chain practices [207.
Consequently, it is important for achieving DSG 12 (Responsible Consumption and Production) and
DSG 13 (Climate Action). Intelligent systems in the logistics and transportation sectors have been
adopted to enhance route planning and minimize fuel consumption (or environmental impact of service
delivery) [217]. However, a number of scholars have observed that the sustainability benefits of
intelligent systems can be fully realized only when these technologies are housed within larger
corporate strategies supporting an environmental or social responsibility [67. In the literature, a key
theme is intelligent systems having a part to play in increasing inclusivity and diminishing inequality,
albeit in the labor market. A worry with Al technologies — which are growing in prominence — is they
precipitate displace workers, in low skill, repetitive and unskilled work [227. On the contrary, there are
other studies that take the view that smart systems can generate new avenues for employment through
the development of new industries and improving the productivity of employees in the current sector
[23-257.

Intelligent systems have also been shown to improve the resilience of their organization, especially
due to external shocks to the organization that their intelligent systems mitigate, as is the case of
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COVID-19, for example. Al enabled many service based businesses to keep running through operation
during the pandemic and keep servicing customers remotely [267]. For instance, in education sector,
intelligent systems were leveraged to facilitate online learning and enhance provision of remote
education services so as to limit impact of an outbreak of the Covid 19 virus on education continuity at
the time when schools were closed [277. In the retail sector, an Al powered Chabot and virtual assistant
helped businesses provide 24 X 7 customer support while physical stores were shut. Liu, et al. [7] bring
out these examples as to how intelligent systems can bolster business ability to ready fast to the
transforming conditions and favorably serve while related circumstances.

At the same time, it is also significant to indicate major ethical issues that emanate from the use of
intelligent systems in the service economy. Discriminatory outcomes are one of the most well-known
concerns regarding possible bias in Al algorithms and are also linked to problems of hiring/lending or
police work [28, 297. The literature on the effects of AI powered recruitment platform has indicated
that such platforms perpetuated current bias in the labor market by hiring candidates with similar
characteristics such as already employers were hiring, thus the course of inequality continues [307]. As
in lending and financial services, policing and city government, minority persons are barred by artificial
intelligence algorithms from getting credit and financial services on the same terms as other people
rs17.

Another important point of the literature is that intelligent systems may amplify environmental
degradation in particular challenging sectors, for example, data processing and cloud computing [327.
While intelligent systems can help bring about more sustainable business practices, they consume
significant energy on training and even more to run sophisticated AI models [337. Consequently, there
is a paradox that the technologies intended to support sustainability generate there may also be
occasions in which they might lead to the emission of carbon and a gross consumption of resources.
Therefore, to mitigate this challenge, researchers recommend the improvement of these energy efficient
AT technologies and the use of renewable energy to power intelligent systems [34-367.

3. Methodology

This section describes the quantitative approach applied to study the relevance of intelligent system
applications in the service sector and their connection with the SDGs. Consequently, the research is
aimed at seeking a quantitative estimation of the use of intelligent systems by organizations in different
sectors of service, their impacts on sustainability performance, and their relationship with particular
SDGs. Industry comparison and competitor’s analysis in this study, this section outlines the research
design, method of data collection, samples, variables and statistical analysis used to validate the study.

3.1. Research Design

Consequently, the research employs a cross-sectional quantitative research approach to examine the
link between the implementation of intelligent systems for the service economy and the realization of
the United Nations’” SDGs. The research design chosen permitted the collection of numerical data that
could be analyzed with statistical tests for confirming or rejecting hypotheses and for comparing
the(inter)dependence of variables. A structured survey was used as the main approach for data
collection; closed-ended questions were used to gather information from the management of
organization operating in service industries on the use of their intelligent systems and how they support
their link with the sustainable development goals.

3.2. Data Collection

Primary data were collected using a structured online questionnaire distributed to organizations in
key service sectors such as healthcare, finance, logistics, retail, and education. The questionnaire was
designed to measure the extent of intelligent system adoption, sustainability outcomes, and the level of
awareness and integration of SDGs within the organization. Respondents were asked to rate their
responses on a 7-point Likert scale, ranging from 1 (strongly disagree) to 7 (strongly agree), allowing
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for the quantification of variables such as intelligent system implementation, organizational efficiency,
and sustainability performance. To ensure the quality of the data collected, the questionnaire underwent
a pilot test with a small sample of 20 organizations. Based on the feedback, minor adjustments were
made to improve the clarity and relevance of the questions. The finalized questionnaire was then
distributed to a broader sample of organizations via email, targeting senior management, technology
officers, and sustainability leaders responsible for decision-making regarding intelligent system
adoption and sustainability initiatives.

3.8. Sample Selection

The study employed purposive sampling to select organizations that are actively implementing
intelligent systems within their operations. The sample focused on service industries that have been
early adopters of intelligent systems and that have a strong potential for aligning their operations with
SDGs. The sample size consisted of 200 organizations from a diverse range of service sectors, including
healthcare, finance, logistics, education, and retail. These sectors were chosen due to their significant
use of intelligent systems and their potential impact on sustainability goals. The selection of participants
within these organizations focused on individuals in senior management, IT departments, or
sustainability divisions, ensuring that the respondents had the relevant expertise and experience in both
intelligent systems and sustainability practices. A total of 200 responses were collected, ensuring
sufficient statistical power for robust analysis.

3.4. Variables and Measurement

The study incorporated several key variables to investigate the relationship between the adoption of
intelligent systems and the achievement of Sustainable Development Goals (SDGs) in service-oriented
industries. These variables were adapted from established literature on technology adoption,
sustainability performance, and organizational change, ensuring a robust framework for measuring the
intended constructs. Each variable was operationalized through a series of items assessed using a 7-
point Likert scale, ranging from 1 (strongly disagree) to 7 (strongly agree), allowing for a detailed
quantitative analysis of the responses. The first key variable is Intelligent System Adoption (ISA), which
captures the extent to which organizations have integrated Al and other intelligent systems into their
daily operations. This variable is derived from the technology acceptance model [377] and related
frameworks on digital transformation in businesses [387]. ISA was measured through multiple items
that assess various dimensions of intelligent system integration, including the types of intelligent
systems adopted (e.g., Al-powered automation, machine learning tools, data analytics), the frequency of
use, and the perceived operational benefits such as increased efficiency, reduced costs, and enhanced
decision-making.

Sustainability Performance (SP) is the second variable, aimed at evaluating how intelligent systems
contribute to an organization’s environmental, social, and economic sustainability. This variable is based
on frameworks such as the triple bottom line (897 and sustainability performance models used in prior
research [407]. SP was specifically linked to key SDG targets, including responsible consumption and
production (SDG 12), climate action (SDG 13), and decent work and economic growth (SDG 8). The
third variable, SDG Awareness and Integration (SDGAI), examines the level of awareness
organizations have of the SDGs and the extent to which they have integrated these goals into their
operational strategies. This variable is adapted from previous studies on corporate sustainability
integration [417] and sustainability reporting practices [427]. SDGAI was measured through items
assessing awareness of the SDGs, the presence of strategic plans focused on sustainability, and the
implementation of initiatives that align with SDG objectives, particularly in relation to intelligent
system applications.

Operational Efficiency (OE) is another key variable, which assesses the impact of intelligent systems
on the operational workflows within organizations. This variable draws from literature on operational
efficiency and technology’s role in improving business processes [437]. Respondents rated the extent to
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which intelligent systems have led to tangible improvements in operational areas such as cost savings,
time efficiency, and resource optimization. Finally, the study includes Barriers to SDG Alignment
(BSA), which captures the challenges organizations face when attempting to align intelligent system
applications with SDG objectives. This variable is informed by research on barriers to sustainability and
technology integration [447]. BSA was measured through items that assess obstacles such as financial
constraints, lack of technical expertise, inadequate regulatory support, and organizational resistance to
change.

3.5. Data Analysis

A range of statistical techniques were used to analyze the collected data to test the study’s
hypotheses and to examine the relationships between the key variables. Completeness of the data were
first screened and missing data addressed using appropriate methods of imputation. The characteristics
of the sample were summarized using descriptive statistics in the form of mean, standard deviations and
a frequency distribution to highlight the levels of adoption of intelligent systems and sustainability
practices among different sectors. Thus the research hypotheses were tested using inferential statistics.
We conducted correlation analysis to determine relationship among intelligent systems adoption,
sustainability performance, SDG awareness and integration. An impact of the adoption of intelligent
systems on sustainability performance was examined using multiple regression analysis: other related
variables such as the operational efficiency and the barriers to the alignment with SDG were controlled.
Data were analyzed using the statistical software SPSS, using appropriate statistical tests to determine
the strength of and significance of relationships among variables. Besides regression analysis we also did
factor analysis to check construct validity of the items on the survey as well as to validate the
dimensions underlying intelligent system adoption and sustainability performance. The reliability of the
scales was assessed with cronbachs alpha calulated and used 0.7 as the threshold for acceptable internal
consistency amongst our scales.

3.6. Ethical Considerations

This study received ethics approval from the relevant institutional review board. An informed
consent was obtained for all the participants about study’s objectives and that answer of all are
anonymous and confidential. Each respondent participated in survey and obtained his/her informed
consent before. Furthermore, participants were allowed to withdraw from the study at any time in order
to adhere to ethical research standards. A total of 370 intelligent systems types are assessed for the
SDGs using a rigorous quantitative methodology, as it helps to explain why intelligent system adoption
is tied to sustainability performance between the intelligent system technology and the SDGs. The
study aims to bring valuable insights into how intelligent systems could serve the transition of the
service economy toward a more sustainable and resilient economy through the use of robust statistical
methods and engineered survey instruments.

4. Findings
4.1. Descriptive Statistics

The descriptive statistics for the key variables in the study are a summary of this section, including
Intelligent System Adoption (ISA), Sustainability Performance (SP), SDG Awareness and Integration
(SDGALI), Operational Efficiency (OE), and Barriers to SDG Alignment (BSA). Through descriptive
statistics, we glean insights into the central tendencies and the distribution patterns within this dataset
and get a better idea about overall levels of intelligent system use and the perceived impact on
sustainability and operational efficiency. So, the means are the average score for each variable, the
standard deviations are how variable responses are. IFurther understanding of these variables is
provided in terms of frequency distributions having these variables occur at each point of the 7 point
Likert scale.
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Table 1.

Descriptive Statistics

Variable Mean Standard Deviation Minimum Maximum
Intelligent System Adoption (ISA) 4.58 0.91 2 7
Sustainability Performance (SP) 4.32 0.87 2 7
SDG Awareness and Integration (SDGAI) 4.45 0.88 2 7
Operational Efficiency (OE) 4.6 0.9 3 7
Barriers to SDG Alignment (BSA) 3.85 0.95 1 6

In Table 1 we highlight key patterns in the adoption and perceived impact of intelligent systems.
Mean scores of Intelligent System Adoption (ISA), Sustainability Performance (SP), and Operational
Efficiency (OE), indicate that respondents generally believe the implementation of intelligent systems
and benefits to sustainability and efficiency are moderate to highly. The standard deviations on these
responses fall between 0.87 and 0.95, which suggests that responses to these factors are relatively low to
moderate in variability, and thus relatively consistent across organizations. A smaller mean for Barriers
to SDG Alignment (BSA) suggests that they don’t necessarily feel like insurmountable barriers to SDG
alignment, but that organizations experience toxicity.

In Figure 1, they compare ISA levels in healthcare, finance, logistics and education. It is presented
how the average level of intelligent systems integration in the finance sector is the highest, and that of
in the hospitality sector the lowest. This variation brings to light the varying pace by which industry
adopts technology, making it possible to see proprietary trends in the implementation of intelligent
systems by sector.

Distribution of Intelligent System Adoption (ISA) Across Sectors

Mean ISA Level

Sector

Figure 1.
Distribution of Intelligent System Adoption (ISA) Across Sectors

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 8: 2811-2827, 2025

DOI: 10.55214/25768484.v913.5878

© 2025 by the authors; licensee Learning Gate



2818

4.2. Correlation Analysis

This section presents the results of the correlation analysis, which examines the strength and
direction of the relationships between the key variables: Sustainability Performance, SDG Awareness
and Integration (SDGAI), Intelligent System Adoption (ISA), Operational Efficiency (OE), Barriers to
SDG Alignment (BSA). Linear relationship between these variables are measured by Pearson
correlation coefficients that vary between -1 and 1. A positive correlation means that as one variable
increases so does the other but a negative correlation means it goes up, down, left or right, but when the
other variable increases, it also decreases. Understanding how these variables are correlated is helpful to
know how much close they are and if Intelligent System Adoption improves sustainability and
operational efficiencies as well as relationship with barriers to reach SDG goals.

Table 2.

Correlation Matrix

Variables ISA SP SDGAI OE BSA
Intelligent System Adoption (ISA) 1 0.52%% 0.49%% 0.58%* -0.22%
Sustainability Performance (SP) 0.52%* 1 0.63%* 0.61%* -0.35%*
SDG Awareness and Integration (SDGAI) 0.49%* 0.63%* 1 0.55%* -0.29%*
Operational Efficiency (OE) 0.58%* 0.61%% 0.55%% 1 -0.27%*
Barriers to SDG Alignment (BSA) -0.22% -0.35%* -0.29%* -0.27%%* 1

The correlations between Intelligent System Adoption (ISA) and key outcome variables such as
Sustainability Performance (SP) (r = 0.52, p < 0.01), SDG Awareness and Integration (SDGAI) (r =
0.49, p < 0.01), and Operational Efficiency (OE) (r = 0.58, p < 0.01), are shown in table 2. This means
that organizations that declare intelligent systems will likely gain from sustainability (i.e. SDGs)
awareness and operational efficiency. At the same time, Barriers to SDG Alignment (BSA) are
negatively correlated with these variables indicating the higher the barriers, the poorer the
sustainability performance as well as the lower the level of SDG objectives integration and operational
improvement. The but negative (r = -0.22, p < 0.05) moderate correlation between ISA and BSA means
that as the organization’s intelligent system adoption grows, the organization also has fewer barriers to
align with SDGs.

In Figure 2 we show the correlation between Intelligent System Adoption (ISA), SDG Awareness
and Integration (SDGAI), Sustainability Performance (SP) and Operational Efficiency (OE). This
heatmap puts the strength and direction of these variables’ relationships on display clearly. The
visualization helps quickly identify the patterns in the data and strong positive correlations between ISA
and OE (r = 0.58) and SP and SDGALI (r = 0.63) suggest significant associations.
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Figure 2.
Scatterplot Matrix of Intelligent System Adoption, Sustainability Performance, SDG Awareness, and Operational Efficiency

4.3. Multiple Regression Analysis

This section reports the results of the multiple regression analysis, in which Intelligent System
Adoption (ISA) on Sustainability Performance (SP) was controlled for Operational Efficiency (OE) and
Barriers SDG Alignment (BSA). Multiple regression enables us to investigate how much of the
variation in Sustainability Performance can be explained by the adoption of intelligent systems, once
other possible factors (operational improvements and SDG alignment challenges) have been taken into
account. By using multiple independent variables, we are able to evaluate which predictors in the model
uniquely contribute to sustainability outcomes in organizations and which predictors are more
important in the model.

Table 3.

Regression Results

Variables Coefficient () Standard Error t-value p-value
Intelligent System Adoption (ISA) 0.45 0.08 5.63 <0.001
Operational Efficiency (OE) 0.34 0.07 4.86 <0.001
Barriers to SDG Alignment (BSA) -0.29 0.09 -3.22 0.002
Constant 1.75 0.32 5.47 <0.001

Note: R* = 0.52, Adjusted R* = 0.51, F-statistic = 52.43 (p < 0.001)

As shown in Table 3, Intelligent System Adoption (ISA) has a strong positive relationship with
sustainability performance (f = 0.45, p < 0.001) and thus greater adoption of intelligent systems is
positively linked with improved sustainability outcomes in organizations. This demonstrates that
moreover, Operational Efficiency (OE) has a positive contribution to the Sustainability Performance (8
= 0.34, p < 0.001), implying that the improvement of operations increases an organization’s practices of
sustainability. Whereas Barriers to SDG Alignment (BSA) have a strong negative effect on
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Sustainability Performance (B = -0.29, p = 0.002) suggesting that higher barriers negatively affect
sustainability efforts. The proposed model explains 52 percent of variance in Sustainability Performance
indicated by the R? value of 0.52. This supports the argument that factors in Influencing Sustainability
Performance within Organizations can be explained using the Intelligence System Adoption,
Operational Efficiency, and Barriers to SDG Alignment. The overall regression also fits the data well
(non-significant F-statistic, p > 0.05). Figure 3. An A bar chart or a path diagram visually shows the
multiple regression results in which the eftect of ISA on SP, and the control variables, contribution of
OE and BSA.

Effect of ISA, OE, and BSA on Sustainability Performance
0.45

0.4
0.34

0.3r

0.2

Regression Coefficient
(=]
=

—0.2¢

—0.3r

Intelligent System Adoption (ISperational Efficiency (B&nriers to SDG"Aﬁgnment (BSA)
Variables

Figure 3.
Regression Model Results — Effect of ISA on SP

4.4. Factor Analysis

This section presents the results of the factor analysis, conducted to verify the construct validity of
the survey items and confirm the underlying dimensions of the key variables: Sustainability
Performance (SP), SDG Awareness and Integration (SDGAI), Barriers to SDG Alignment (BSA),
Operational Efficiency (OE) and Intelligent System Adoption (ISA). The factor structure was explored
using exploratory factor analysis (EFA) to determine the dimensionality of the dataset and to see
whether the items intended to measure each construct do in fact fit the constructs they are supposed to
measure. The factor loadings are these measures of how strongly one survey item correlates with the
underlying factor, with higher loadings (usually above 0.5) since this implies a strong relationship
between the survey item and the underlying factor. As well, the percentage of variance explained by
each factor was used to determine fit of the overall model.
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Item

ISA

SP

SDGAI

OE

BSA

ISA1: Type of Intelligent Systems

0.78

ISA2: Frequency of Use

0.81

ISA3: Perceived Benefits

0.75

SP1: Environmental Impact

0.72

SP2: Resource Efficiency

0.8

SP3: Social Inclusivity

0.77

SDGAI1: Awareness of SDGs

0.82

SDGAIZ: Strategic SDG Planning

0.79

SDGAIS3: Implementation of SDG Initiatives

0.74

OE1: Cost Reduction

0.76

OE2: Workflow Optimization

0.81

OLE3: Resource Optimization

0.78

BSA1: Financial Constraints

BSA2: Lack of Technical Expertise

BSA3: Regulatory Issues

As can be seen, Table 4 confirms the items load strongly onto their respective factors stating good
construct validity. The loadings of all items are greater than 0.70, which is a traditionally acceptable
figure for loading values that are used for exploratory factor analysis. The analysis further shows that
the five factors (ISA, SP, SDGAI, OE, and BSA) collectively account for 104 percent of the total
variance in the dataset with the largest contribution coming from Intelligent System Adoption (ISA) at
27 percent and then to Sustainability performance (SP) at 24 percent. This supports the measurement
model since the survey items measured effectively the intended constructs. Figure 4 presents A scree
plot of eigenvalues from the factor analysis. This would demonstrate us showing how the factors (ISA,
SP, SDGAI, OE, and BSA) were based on the percentage of variance explained by each respectively.
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Scree Plot for Factor Analysis
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Scree Plot for Factor Analysis

5. Discussion

The findings of this study provide valuable insights into the relationship between intelligent system
adoption, sustainability performance, and the alignment of service-based organizations with the
Sustainable Development Goals (SDGs). This section discusses the results in the context of existing
literature, highlighting how intelligent systems can enhance sustainability outcomes and operational
efficiency while addressing barriers to SDG alignment.

5.1. Intelligent System Adoption and Sustainability Performance

These findings show that the ISA has a very strong and positive direct link with SP, with a
regression parameter of 0.45 implying that firms with intelligent systems evidenced in
operations/support yield better sustainability than those companies without such systems. In
consonance with earlier studies, this research supports the idea that the utilization of resources could be
made all the more eftective and less carbon-intensive and also that the management of the environment
could be enhanced through intelligent system and AI [4, 67. The intelligent systems to provide the
information, control, and advice required for efficient processing of routine activities, support decision-
making and identify resource savings and efficiency for the organizations that will be used for the
proper functioning of the organizations and the conservation of energy. FFor instance, it is especially
observed in areas such as logistics and manufacturing on which the Al enabled technologies are to
optimize the processes and minimize the impacts on environment [387. Further, a contribution of this
study is in extending the literature on the application of digital transformation in developing sound
business models. Our findings support prior research [97. highlighting that intelligent systems
enhances operational effectiveness and efficiency and that these same methods help firms address long
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term sustainability objectives in the process. This can then justify the notion that technology can be a
key enabler of the delivery of global sustainability goals like the responsible consumption and
production standard (SDG 12) and climate action (SDG 183).

5.2. SDG Awareness and Integration

Further, the hypothesis that organizations that adopted intelligent systems are more aware of and
integrate SDGs was confirmed by the finding of moderation effect with statistical significance at p <
0.01 between the two variables, Intelligent System Adoption, and SDG Awareness and Integration (r =
0.49). As mentioned by past studies, technological innovation is identified to be critically important for
ensuring corporate sustainability [107. This extends this research by showing intelligent system also
improve both the operation process and the strategic fit with international sustainability framework.
With these systems in place, organizations are equally able to monitor and control the level of
sustainability performance with regards to how they align to SDG related objectives. This goes a long
way in supporting prior research that points to the fact that there is a need for organizations to align
sustainability objectives into their core strategic management plans [117]. The real time information and
forecasts accessibility through smart systems to evaluate an organization’s sustainability journey in real
time and make necessary adjustments. Intelligent system as enablers of strategic SDG integration allow
the use of organizational data to enhance the accomplishment of sustainability goals.

5.3. Operational Efficiency and Barriers to SDG Alignment

The existing body of literature that connects intelligent system installment with fare improvements
in operational performance is supported by the strong positive relationship between Soft Critical System
Adoption and Operational Efficiency (OE) (r = 0.58, p < 0.01). Liu, et al. [7] point out that Al
technologies and intelligent systems empower organizations to achieve the optimum workflow with a
benefits in costs and resource utilization. The findings of this study echo these assertions in that
organizations utilizing intelligent systems report higher efficiency of their operations, especially in
workflow optimization and resource management. Nevertheless, the negative relationship between the
Barriers to SDG Alignment (BSA) measures and both the Sustainability Performance (SP) (r = -0.35, p
< 0.01) and Operational Efficiency (OE) measures (r = -0.27, p < 0.01) indicate the difficulties of the
organizations when they try to align their operations to the sustainability goals. This result is in line
with the work by other authors [13, 147]. Operationally that identified shortage of finance as a major
challenge to adoption of finance and sustainability indicating technical expertise as a key reason. The
issue with intelligent systems is there are perks which include sustainable operations and a high
operational efficiency, yet such costs are shielded by barriers such as inadequate policy support and
insufficient funding making it a space between the benefits and actual organizations. IHRM practices
suggest it is critical to provide more support to organizations in order to overcome these barriers to the
development of sustainability outcomes by intelligent systems. Relatively active policies might advance
the development of sustainable innovation, provide organizations with essential technical training, and
improve financial access; these measures may enhance the realization of the intelligent system’s benefits
and ensure that organizations” alignment with SDGs is secure. Kulkov, et al. [177] has pointed out that
to solve these issues cooperation with business and state is required and technological advancement
plays a part in supporting sustainable development.

In Figure 5, we visualized the relative importance of the key barriers to SDG alignment facing
organizations. Of the reported barriers, financial constraints account for 35% but it’'s the most
significant challenge. Lack of technical expertise is next, at 25%, followed by regulatory issues and
organizational resistance, each of which accounts for 20%. These findings underscore the pressure for
organizations to overcome financial and technical barriers to bring their operations closer to meeting
the Sustainable Development Goals (SDGs). The related discussion of barriers to SDG alignment is
complemented by the visualization provided in Figure 5, which clearly presents these challenges.
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Barriers to SDG Alignment - Key Challenges

Organizational Resistance

20.0% Regulatory Issues
20.0%

Financial Constraints

Lack of Technical Expertise

Figure 5.
Barriers to SDG Alignment (BSA) — Key Challenges

5.4. Theoretical and Practical Implications

This study from a theoretical perspective adds to the digitial transformation and sustainability
streams of the literature by presenting empirical evidence for the association between intelligent
systems and organizational sustainability performance as well as alignment with SDGs. Our results
suggest that the intelligent system adoption is a key enabler for sustainability in the service economy,
and are implications on how such technologies can be used to meet global sustainability targets. This
study also contributes further to current knowledge by investigating barriers to SDG alignment,
operational efficiency, and intelligent systems interplay, exposing the complexities of organizations'
sustainability journeys. The practical outcomes of this study suggest that intelligent system
technologies can guide organizations in improving their sustainability performance and operational
efficiency. With their resource and cost optimization as well as environmental effects, these systems
provide the attributes of supporting SDG integration into the business strategies. Yet policymakers and
corporate leaders also need to remove barriers to SDG alignment by developing financial, technical and
regulatory support to leverage intelligent systems to help organizations surmount these roadblocks and
tulfill their SDG potential.

6. Conclusion

The results of this research reveal that the implementation of intelligent systems enhances
significantly organizational sustainability and operational performance in service organizations. The
internal intelligent systems of the organization suggest that all these organizations are benefiting from
enhanced environment concerns, efficient resource use, and sustainability goals and targets. Smart
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technologies are also revealed to to positively contribute towards the adoption of responsible business
practices by enhancing processes, knowledge and utilization of resources. But, barriers including
financial constraints, lack of technical expertise or some form of regulatory challenges hamper
realization of full synergy between intelligent systems and SDG objectives. To achieve full potential for
intelligent systems' contribution to global sustainability efforts, it is vital to overcome these barriers.
This is an indication of need of more governmental support in terms of financial incentives and technical
training to make intelligent systems integrate into sustainability. Nearly, intelligent systems present a
ready hand towards realizing SDG goals and coming closer to sustainable service economy. These
technologies help organizations to both progressively improve their operational performance as well as
their contribution to global sustainability. For the broader impact of intelligent systems on sustainable
development to move forward, the next step will be to address the barriers to SDG alignment in
industries.

6.1. Limitations and Future Research

The results of this research expose important relationships between the intelligent system adoption
and sustainability of a service economy and yet some limitations are worthwhile noting. Second, the
cross sectional data on which the study is based precludes drawing causal inferences regarding the link
between intelligent systems and sustainability outcomes. Longitudinal designs may be used in future
research to further reveal the long term impact of intelligent system adoption on sustainability
performance. Second, the sample is less than 200 organizations in total, representing many service
sector organizations, though not all the industries that utilize intelligent systems. The sample size could
be enlarged to include more sectors and the results need to be generalized more broadly in future
studies. The study also relies on self-reported data and therefore may be biased by social desirability or a
subjectively perceived intelligent system benefit. A more complete understanding could be gained by
triangulating survey data with objective performance metrics or case studies. Secondly, this study
focuses on the internal organizational factors in relation to the adoption of intelligent systems, and in
relation to SDG alignment. Future work can examine the implications of regulatory frameworks,
market conditions or stakeholder influence to advance a more complete picture of where intelligent
systems can enable sustainability across different contexts.
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