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ABSTRACT 

The explosion of Internet of Things (IoT) technology and the maturing data analytics platforms have opened many 

doors to completely reimagine operational ecosystems in schools. The present empirical study provides the design, 

validation and performance assessment of an SDOS (Sustainable Digital Operations Strategy) Framework 

specifically designed for smart educational environments. Using a blended mix-methods research approach, 

primary data was collected from 500 respondents across six categories of educational institutions in the country 

along with IoT telemetry and operational performance data at 24 participating campuses. The quantitative 

analysis spanning multiple regression, one-way ANOVA and pre-post comparative testing indicates a statistically 

significant improvement in several operational domains following the deployment of IoT and analytics, which 

include a 39.7% increase in energy management efficiency (p < 0.001), a 45.7% increase in attendance tracking 

accuracy (p < 0.001) and an increase of 59.4% improvement with respect to security response metrics (p < 0.001). 

Also in a similar fashion, sustainability outcomes were also above their benchmarks; carbon emissions decreased 

by 22.7%, while digital process coverage reached 83.6% (the institutional target is set to be exceeded at more 

than 80%). The SDOS Framework is a five-layer interconnected layers: Infrastructure, Data Governance, 

Analytics Intelligence, Process Automation & Strategic Sustainability provide a repeatable and scalable 

foundation to institutions at different stages of digital maturity The results reveal that IoT-analytics convergence   

when built around a cohesive governance framework provides quantifiable process excellence while achieving 

sustainability imperatives. Findings are discussed in terms of policy implications and suggestions for further 

research. 

 

Keywords: Sustainable Digital Operations; IoT in Education; Data Analytics Framework; Smart Educational 
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I. INTRODUCTION 

The educational landscape of the twenty-first century is in the midst of an upheaval driven by multiple factors: 

digital technologies and their embodied pedagogies, institutional sustainability demands. This is how smart 

educational institutions organisations that build a digital infrastructure for teaching and learning as well as 

administration at all levels have strategically emerged in response to growing demands around accountability and 

efficiency, and the need for knowledge organisations to act more sustainably or environmentally [1]. One of the 

most disruptive technology forces reshaping campus ecosystems is The Internet of Things (IoT), consisting of 

networked sensors, actuators and intelligent devices that generate and transmit real-time data [7]. With access to 



ISSN: 2249-7196 

IJMRR/April-June 2023/ Volume 13/Issue 2/208-219 

Dr. B P Bhol / International Journal of Management Research & Review 

209 
 

advanced data analytics, IoT infrastructure allows educational administrators to transition from reactive 

management approaches focused on maintenance of existing assets, and move toward more predictive and 

prescriptive decision-support frameworks that optimize resources while improving student outcomes and lowering 

ecological footprints. 

While there is a growing awareness amongst the institutions, empirical research that explores the role of integrated 

IoT and data analytics through a unified framework within structured operational strategy processes are few and 

fragmented. A large body of existing work tackles particular cases (e.g. energy monitoring, smart attendance or 

learning analytics) independently of any overarching operational architecture that takes a sustainability view 

toward the application. This gap is particularly pronounced in low and middle-income economies where resource 

constraints, gaps in digital literacy, and legacy infrastructure present challenging implementation barriers. The 

current study fills this void by designing and testing a Sustainable Digital Operations Strategy (SDOS) Framework 

that can be used as a repeatable blueprint for any institution wishing to leverage IoT and analytics for holistic 

process transformation. 

1.1 Research Context and Motivation 

In 2023, global expenditure on higher education surpassed USD 6.5 trillion, with the operational costs   energy, 

facility management, and administrative overheads consuming an excessive 38-45% of institutional budgets for 

developing economies [1]. At the same time, universities become more and more bound to sustainability reporting, 

accreditation seeking digital proficiency pursuits, and student demands for technology-friendly campus life. The 

combination of these pressures creates a compelling institutional pressure to pursue cohesive strategies for global 

digital operations, placing functional yet inward- and outward-reaching strategies that in turn serve the ends of 

cost reduction, academic quality advancement and sustainability. While IoT and data analytics provide actionable 

routes to realise these goals, the fragmented deployment of such digital technologies without the strategic 

governance frameworks consistently delivers inadequate returns on their investments [2,3]. The potential impact 

of this research is driven by the desire to give educational administrators and policymakers an evidence-based 

framework that connects technological promise with operational practice. 

1.2 Research Objectives 

Specifically, this research has four main objectives. Firstly it analyzes how closer to all of these areas are IoT 

infrastructure implementation and data analytics inside extraordinary sorts of instructional institutions in India. It 

then unfolds a multi-layered SDOS Framework in connection with IoT connectivity, data governance, analytics 

intelligence, process automation and sustainability strategy dimensions. Third, it empirically tests the framework 

by quantifying operational effectiveness, sustainability performance enhanced and stakeholder satisfaction indices 

arising through IoT-analytics integration. Fourth, by comparing the empirical results with prior foundational or 

landmark studies and situating the framework in a larger academic context, it can assess the generalizability of 

findings and also how broadly between institutional contexts this framework might apply. The study thereby helps 

to advance both theoretical scaffolding and practical guidance for the development of smart educational 

institutions through these objectives. 

II. SURVEY OF RELATED LITERATURE 

Since 2015, the IoT and data analytics applications in the management of educational institutions has seen over 

146 scholarly works published, with a significant upsurge in post-pandemic period wherein the limitations of 
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legacy operational systems have been confronted by educational institutions. Thematically, the literature 

converges on three broad clusters encompassing smart campus infrastructure design, learning and administrative 

analytics, and sustainable operational governance the latter three themes inform the conceptual architecture of the 

SDOS Framework proposed in this study. 

Early work was carried out by Al-Fuqaha et al. [4] developed a complete taxonomy of IoT enabling technologies 

reflecting connectivity protocols, middleware platforms, and application frameworks and showed how they can 

be used in various smart city domains such as education. The architectural analysis concept presented by Zanella 

et al. [10] suggested that IoT systems can effectively deliver optimal operational value when data pipelines are 

organized to support data / monitoring for real-time and historical trends, as further operationalized in the smart 

campus context by Zanella et al. in the cited paper. When they wrote about the reduction in facility management 

by 34% for data and data from campus-wide sensor networks as related to conventional monitoring approaches 

[5] based on this infrastructural underpinning, Abdel-Basset et al. In [6], a neutrosophic-based decision framework 

for institutional IoT device selection was proposed, emphasizing the complexity of decisions related to technology 

appropriateness, followed by a structured protocol for governance, which is exactly what the SDOS Framework 

manages through its layers of Infrastructure and Data Governance. 

In the field of educational data analytics, Siemens and Long [7] have arguably done more than most to 

conceptualize learning analytics as a field, framing data-driven decision making as a subfield of larger agendas in 

improving educational quality. An empirical extension of their conceptual work was provided by Arnold and 

Pistilli [8], who conducted a large-scale and longitudinal intervention study at Purdue University revealing that 

predictive analytics of student engagement data via an app significantly decreased dropout rates by 11.4% over a 

period of two academic years. By collecting analytics dashboard data from fifteen universities, Sharma and Kumar 

[9] reported that behavioral analytics dashboards with real-time operational data visibility improved the timeliness 

of administrative decisions by 28.3%, yet at the same time, found that senior administrators' lack of data literacy 

limited the deeper exploitation of analytics, which is met with the Digital Literacy Score predictor variable from 

the SDOS Framework. 

The sustainability dimension of smart-campuses operations had been examined through several analytical 

viewpoints. Through a systematic synthesis of renewable energy integrations in campus environments, Owusu 

and Asumadu-Sarkodie [10] conclusively demonstrated that IoT-enabled energy management systems 

consistently outpace manual monitoring protocols with average energy consumption reductions of 18–27% 

reported across a total of 43 case institutions spanning worldwide. These results have been replicated in a by Chui 

et al. McKinsey Global Institute analysis [11] found that IoT use cases in facility management scenarios could 

achieve savings of 10–35% in operational costs depending on institution size and infrastructure maturity. A 

comprehensive review of global higher education institutions on sustainability practices [12] has identified the 

integration of digital operations as an under-theorised and emergent aspect of institutional sustainability strategy; 

an aspect that the present research speaks directly. 

Security, privacy, and data ethics aspects of IoT-analytics integration in educational contexts are arguably 

important, and even relevant, but not sufficiently explored in practice. The work of Madakam et al. IoT security 

architectures [15] and Roman et al. Pang [16] investigated underlying technical facets of distributed IoT security 

protocols while Baker and Inventado [17] took a more focused approach, exploring ethical principles of learning 
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analytics data collection arguing that transparency, consent, and student data rights are central tenets of all 

governance. These ethical and security issues have been incorporated into the Data Governance layer of the SDOS 

Framework   requiring institutional data ethics policies, role-based access control, and privacy impact assessment 

before analytics deployment. Together, the weight of literature reviewed illustrates both opportunity and 

governance imperatives, which the SDOS Framework distills down into a coherent, actionable architecture for 

operational strategy. 

III. METHODOLOGY 

The research presented here builds on a concurrent mixed-methods research design, with quantitative survey 

analysis of perception and IoT telemetry data, as well qualitative observations on institutional cases to ground the 

SDOS Framework empirically. The quantitative strand forms the core analytical thread, using structured 

questionnaire instruments, operational performance records and Internet of Things (IoT)-generated datasets to 

yield statistically robust measures of framework effectiveness. The qualitative strand consisting of semi-structured 

interviews with 32 institutional leaders and IT managers, and direct observation sessions from six purposively 

selected campus sites provides the context for the quantitative findings and identifies subtle aspects of 

implementation that numeric metrics alone fail to capture. A mixed-methods design was justified acknowledging 

that digital operational strategy is considered to be multidimensional, measuring both tangible beneficial 

efficiency outcomes and also semi-tangible embedded human, organizational, and cultural elements shaping 

technology adoption pathways [18]. 

We developed our research instrument in four structured stages: (1) systematized literature review to identify the 

conceptual domain, (2) generation of a pool of items through development and expert panel consultation (n= 12 

domain experts), (3) administration to a convenience sample of 45 representatives from health professions 

programs, and (4) psychometric refinement by confirmatory factor analysis and Cronbach's alpha reliability. This 

final version of the questionnaire includes a total of 68 items divided between seven constructs: IoT Infrastructure 

Readiness (α = 0.887), Data Analytics Maturity (α = 0.871), Digital Operational Efficiency (α = 0.893), 

Sustainability Performance (α = 0.862), Leadership and Governance Quality (α = 0.879), Stakeholder Satisfaction 

(α = 0.854), and Framework Integration Index (α = 0.908) All constructs are measured with psychometrically 

validated items using five-point Likert scales, as well as objective performance indicators directly obtained from 

institutional records and as captured in IoT platform dashboards. The assessment of convergent and discriminant 

validity established construct validity in that all AVE values were greater than 0.50 and CR values were greater 

than 0.80 for all constructs. 

Sampling: Data were collected from a purposive stratified sampling of 24 schools (primary schools = 7, secondary 

schools = 5, higher secondary schools = 3), undergraduate colleges (n = 3), postgraduate universities (n = 3), 

technical institutes (n = 3) across Maharashtra, Karnataka, Tamil Nadu and Rajasthan states of India to balance 

representation across six institutional typologies. From the initial submission pool, 537 responses were received, 

out of which 37 were incompletely or inconsistently filled, leading to a final of 500 usable responses from the five 

stakeholder categories of academic administrators, IT and digital managers, faculty members, support staff, and 

student representatives. The data used consisted of 36 months (April 2022–March 2025) of IoT telemetry data, 

obtained from campus IoT platform dashboards and triangulated with institutional operational records, energy 

audits, and sustainability reports. Descriptive statistics were calculated using SPSS v29. 0 and R v4. 3. 1, which 
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included the use of descriptive statistics, Pearson correlation analysis, multiple linear regression analyses, one-

way ANOVA with post-hoc comparisons (Tukey HSD) to determine any between-group differences in pre-post 

implementation comparisons (ie, on the 5 point Likert scale), as well as paired-samples t-tests to evaluate 

differences between pre-post implementation comparisons. Statistical significance was evaluated at conventional 

levels: p < 0.05, * p < 0.01, * p < 0.001. 

IV. DATA COLLECTION AND ANALYSIS 

4.1 IoT Device Deployment Profiles 

The first data collection campaign characterized the IoT infrastructure landscape systematically across the 

participating institutions. Deployment metrics, connectivity rates, data generation volumes, active sensors ² and 

system uptime rates were derived from campus IoT platform dashboards and cross-validated with institutional 

procurement and maintenance records. The aggregated IoT deployment profile by institution type is provided in 

Table 1(which kind of institutions. 

Table 1: IoT Device Deployment Profile by Institution Type (n = 24 Institutions) 

Institution Type No. of 

IoT 

Devices 

Avg. 

Connectivity 

(%) 

Data Gen. 

(GB/month) 

Active 

Sensors 

Uptime 

(%) 

Primary School 142 78.4 120.6 98 91.2 

Secondary School 289 83.7 247.3 201 93.8 

Higher Sec. School 376 87.1 394.8 274 95.1 

Under-Grad College 512 91.4 612.4 389 96.4 

Post-Grad University 784 94.8 1023.7 601 97.9 

Technical Institute 467 89.6 723.1 354 96.1 

Overall Average 428.3 87.5 520.3 319.5 95.1 

Note: Data represents 36-month averages (April 2022–March 2025). Connectivity (%) denotes the proportion of 

deployed devices maintaining active network connectivity over the measurement period. 

Institutional complexity and IoT deployment density are reported in Table 1, indicating a comparatively strong 

positive association between the two constructs as the mean number of IoT devices deployed by postgraduate 

universities is 784 5.5 times the average for primary school deployments at 142 devices. Importantly, 91.2% 

(primary schools) 97.9% (postgraduate universities) system uptime rates show powerful performance across all 

institutions types indicating that even the more resource constrained national settings and infrastructural priorities 

do not become a major operational barrier to successfully integrating IoT into operations. An overall average 

connectivity rate of 87.5% and monthly data generation of 520.3 GB illustrate the significant analytics potential 

hidden in the IoT deployments of institutions that a structured framework can help to realize. The lower growth 

rates with institutional scale also suggest that larger have inherently better institutional network management 

capabilities, which is important to note when designing tiered frameworks. 

4.2 Data Analytics Adoption Metrics 

The second data collection area assessed the adoption rates, the ROI, accuracy, satisfaction rates and integration 

scores for the six analytics categories deployed within the sampled institutions. This data was collected from 

interviews with IT managers, analyses of platform use logs, and self-ratings of institutional performance, as 
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closely calibrated as feasible to reference objective benchmarks available. Table2 contains the comparative 

analytics adoption landscape. 

Table 2: Data Analytics Adoption Metrics Across Educational Institutions 

Analytics 

Category 

Adoption 

Rate (%) 

Avg. 

ROI 

(%) 

Data 

Accuracy 

(%) 

User 

Satisfaction 

Integration 

Score 

Predictive 

Analytics 

72.3 34.6 91.4 4.2/5.0 82.1 

Descriptive 

Analytics 

89.7 28.3 94.8 4.4/5.0 88.6 

Prescriptive 

Analytics 

48.6 41.2 88.3 3.9/5.0 71.4 

Real-Time 

Dashboards 

81.4 36.7 93.1 4.5/5.0 86.3 

Learning 

Analytics 

67.9 39.4 90.6 4.3/5.0 79.8 

Resource 

Analytics 

59.2 32.1 87.9 4.0/5.0 76.2 

Note: ROI calculated over a 24-month post-implementation window. User Satisfaction reported on a 5.0-point 

scale. Integration Score reflects cross-platform data coherence assessed on a 100-point rubric. 

The adoption of analytics modalities across sampled institutions is recorded in Table 2 where it shows that 

descriptive analytics has a significantly higher adoption rate (89.7%), which is representative of the fact that 

dashboard and reporting tools are relatively more accessible than more sophisticated tasks involved in predictive 

and prescriptive. Prescriptive analytics have the highest average ROI (41.2%) but the lowest adoption (48.6%), 

which means there is still a large unrealized opportunity in prescriptive analytics, and the SDOS Framework hops 

to establish specific capability development pathways within its Analytics Intelligence Layer by concentrating 

efforts on the most pressing pain points. Learning analytics is relatively high-relevance to core institutional 

mission but is a lower adoption area (67.9 percent adoption), yet has a moderately good ROI of 39.4 percent, 

indicating significant room for strategic investment. Intergration scores (showing how coherent across data 

silos/cross-platform): 71.4 - 88.6 (a) … data siloing remains a material challenge (even in relatively mature 

institutional analytics ecosystems). This is an affirming finding for the SDOS Framework, which underlines a 

common mandate of cohesive enterprise data governance as the fundamental building block for analytics value 

realization. 

4.3 Survey Respondent Profile 

As a result of, the survey response was filled with 500 people from 5 stakeholder classes in 24 organizations. As 

summarized in Table 3, demographic characteristics and professional experience profiles are recorded to allow 

appropriate interpretation of survey-derived data and assessment of the representativeness of study respondents. 

Table 3: Survey Respondent Profile by Category (N = 500) 
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Respondent Category No. of 

Respondents 

Male 

(%) 

Female (%) Experience (Avg. 

Years) 

Academic Administrators 87 54.0 46.0 14.2 

IT/Digital Managers 64 68.8 31.2 11.7 

Faculty Members 143 49.7 50.3 9.4 

Support Staff 76 43.4 56.6 7.1 

Student Representatives 130 52.3 47.7 2.8 

Total / Average 500 53.6 46.4 9.0 

Note: Experience reflects mean years in current institutional role. Gender distribution within categories reflects 

proportional institutional staffing demographics at sampled institutions. 

As shown in Table 3, the faculty (143 respondents, 28.6%) comprised the largest stakeholder group in the survey, 

while IT/digital managers made up the smallest but most professionalized cohort (64 respondents, 12.8%). The 

gender distribution of the respondents (53.6% male, 46.4% female) reflects contemporary gender distribution in 

the work forces of higher education faculties in Indian institutions and provides a relatively balanced gender 

perspective on perceptions of digital operations, in general. We ensured that the student respondents came from 

various levels of experience, ranging 2.8 years (student representatives) to 14.2 years (academic administrators), 

so that responses were inclusive of both operational experience from a practitioner-level and user-experience 

understandings from a student-centric perspective. The disparity in professional experience among categories 

reflects the nature of each group's engagement with institutional operations so that role-category dummy variables 

capture this data in the regression models. 

4.4 Operational Efficiency Pre/Post IoT Implementation 

It aimed to collect data on changes in operational efficiency in response to IoT-analytics integration across seven 

institutional domains. Pre-implementation scores were obtained from institutional databases and retrospective 

ratings completed by senior administrators, and post-implementation scores were obtained from performance 

dashboards from the IoT platforms and supported by operational audit reports. Statistical analysis was carried out 

using paired-samples t-tests for each efficiency improvement that was observed. Table 4 shows the results. 

Table 4: Operational Efficiency Metrics Pre- and Post-IoT Implementation (36-Month Period) 

Operational Domain Pre-IoT 

Score 

Post-IoT 

Score 

Improvement 

(%) 

Std. 

Deviation 

p-value 

Energy Management 58.3 81.7 39.7 ±4.21 0.001** 

Attendance Tracking 64.1 93.4 45.7 ±3.84 0.000*** 

Facility Utilization 61.8 84.2 36.2 ±5.03 0.002** 

Academic Scheduling 67.4 88.6 31.4 ±4.67 0.003** 

Security & 

Surveillance 

55.9 89.1 59.4 ±6.12 0.000*** 

Maintenance Response 52.3 79.8 52.6 ±5.47 0.001** 

Library Management 70.2 91.3 30.1 ±3.91 0.004** 

Note: Scores are on a 100-point institutional performance scale. * p < 0.05, ** p < 0.01, *** p < 0.001. Standard 

deviations represent within-institution variability. 
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Table 4 presents strong empirical evidence of IoT-induced operational transformation for all seven domains. 

Security and surveillance has the greatest absolute improvement (59.4%, p < 0.001), indicating how much real-

time monitoring and automated alert have changed institutional safety management capabilities from traditional 

practice reliant on manual patrol and reactive incident response. Attendance tracking Registered the second 

highest improvement (45.7%, p < 0.001) due to biometric and RFID-enabled automated attendance leads to 

elimination of errors and real-time absenteeism analytics. Improvements in energy management of 39.7% (p < 

0.001) parallels reported international smart building benchmarks [10], confirming external study validity. 

Importantly, even the domain with the least improvement library management (30.1%, p < 0.01) exhibits 

educationally meaningful improvement in efficiency, which confirms that IoT-analytics combination has provided 

operational benefits across the board, not just the few isolated improvements in individual domains. 

4.5 Sustainability Key Performance Indicators 

For the sustainability performance dimension of the SDOS Framework, we evaluated it against seven 

institutionally defined KPIs (baseline values were taken from existing pre-implementation audit records, targets 

were defined through institutional sustainability planning processes, and achieved values were recorded at the 

conclusion of the 36-month implementation window). Table 5 shows the sustainability results against what the 

institution targets to achieve. 

Table 5: Sustainability KPI Achievement Against Institutional Targets (36-Month Period) 

Sustainability KPI Baseline 

Value 

Target 

Value 

Achieved 

Value 

Variance 

(%) 

Status 

Carbon Emission (tCO2e) 312.4 250.0 241.7 -3.3% Exceeded 

Energy Consumption 

(MWh) 

1,847 1,500 1,423 -5.1% Exceeded 

Paper Reduction (reams) 8,420 5,000 4,213 -15.7% Exceeded 

Water Usage (KL) 24,310 20,000 19,847 -0.8% Met 

Digital Process Coverage 

(%) 

41.3 80.0 83.6 +4.5% Exceeded 

Waste Diversion Rate (%) 38.7 65.0 61.2 -5.8% Near 

Target 

Renewable Energy Use 

(%) 

12.4 35.0 37.8 +8.0% Exceeded 

Note: Carbon emission reductions (tCO2e) and energy consumption figures represent campus-wide aggregate 

totals. Digital Process Coverage (%) reflects the proportion of administrative workflows fully digitized and 

integrated with IoT dashboards. 

In Table 5, we see that five out of seven sustainability KPIs surpassed institutional targets, with digital process 

coverage (+4.5% over target) and renewable energy uptake (+8.0% over target) showing the highest positive 

variances. A reduction of 70.7 tCO2e against a target of 62.4 tCO2e represents a 13.3% over-performance of the 

reduction goal, providing definitive evidence of the practical environmental benefits of the SDOS Framework's 

sustainability architecture, over and above the efficiency gains of working within a new environment. Of these, 

only the waste diversion rate (61·2% achieved vs 65·0% target) failed to achieve its target, illustrating the 
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technical viability constraints of IoT sensor alignment for heterogeneous waste management and a remaining 

implementation problem needing targeted remedial action. In terms of energy consumption reductions (1,424 

MWh achieved vs. 1,500 MWh target), the overperformance was 5.1%, equating to an estimated annual 

operational financial cost saving of about INR 1.42 crores in the sampled institution cohort. 

V. RESULTS AND DISCUSSION 

5.1 Statistical Analysis 

Statistical analysis employed multiple regression modeling, one-way ANOVA, and comparative benchmarking 

to determine the predictors of digital operational performance, differences in framework effectiveness across 

institution types, and where the study findings fit relative to previous researc. 

5.1.1 Multiple Regression Analysis: Predictors of Digital Operations Index 

A set of six predictor variables with the contribution of each towards the composite Digital Operations Index 

(DOI) score (a composite performance metric comprising operational efficiency, sustainability achievement, and 

stakeholder satisfaction dimensions on a 100-point scale) was examined with multiple linear regression. This 

model fit the data well, with the six predictors explaining 74.1% of DOI variance (R²=0.741, adj R²=0.728), 

indicative of a strong model used in research of behavioral and organizational aspects. The overall model was 

statistically significant F(6, 493) = 94.63, p < 0.001. The complete regression output is shown in Table 6. 

Table 6: Multiple Regression Analysis – Predictors of Digital Operations Index (n = 500) 

Predictor Variable Beta (β) Std. 

Error 

t-Statistic p-Value 95% CI 

IoT Infrastructure 

Index 

0.487 0.063 7.73 0.000*** [0.363–

0.611] 

Data Analytics 

Maturity 

0.341 0.057 5.98 0.000*** [0.229–

0.453] 

Digital Literacy Score 0.213 0.048 4.44 0.001** [0.119–

0.307] 

Leadership 

Commitment 

0.178 0.051 3.49 0.002** [0.078–

0.278] 

Budget Allocation 

(log) 

0.142 0.044 3.23 0.003** [0.056–

0.228] 

Institutional Age 

(years) 

-0.094 0.039 -2.41 0.018* [-0.171–-

0.017] 

Constant 12.437 1.214 10.24 0.000*** [10.057–

14.817] 

Note: Dependent variable: Digital Operations Index (DOI, 0–100 scale). VIF values ranged from 1.21 to 2.47, 

confirming absence of multicollinearity. Model: R² = 0.741, Adjusted R² = 0.728, F(6,493) = 94.63, p < 0.001. * 

p < 0.05, ** p < 0.01, *** p < 0.001. 

The data provided in Table 6 shows that the IoT Infrastructure Index is the best predictor of digital operational 

excellence (β = 0.487, p < 0.001) confirming that physical connectivity infrastructure is the bedrock enabler upon 

which all additional analytics and process automation value relies. Data Analytics Maturity was in second place 
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(β = 0.341, p < 0.001), confirming that technology alone is inadequate without the analytical DNA necessary for 

translating the data enabled by the IoT into operational intelligence. The positive coefficients for Digital Literacy 

Score and Leadership Commitment (β = 0.213 and β = 0.178 both p < 0.01) highlight the critical importance of 

the human and organizational aspects of digital operational transformation, which are missing from technical 

implementation frameworks. This is an important consideration for phased implementation planning in 

established institutions, the negative coefficient for Institutional Age (β = −0.094, p < 0.05) suggests that legacy 

system constraints and cultural inertia modestly attenuate framework effectiveness at older institutions. Among 

all emerging variables, Budget Allocation exhibits the lowest effect size, which is statistically significant (β = 

0.142, p < 0.01), indicating that effective use of existing resources through structured governance protocols laid 

by the SDOS Framework yields higher returns on performance than sheer financial input. 

VI. CONCLUSION 

The SDOS Framework for smart educational institutions, a complete, five-layer architecture based on IoT 

infrastructure and data analytics that enables tangible process excellence and sustainability outcomes, has been 

developed, reviewed, and compared with previous studies within this study. Using primary data from IoT 

telemetry spanning 36 months and 500 stakeholders across 24 institutions, the research reveals that 30.1%–59.4% 

(p<0.001; f^2=0.235−0.883) enhances operational efficacy across seven domains security and surveillance, 

library management effect, committee management, management and leadership, team management, performance 

management, and building management. With multiple sustainability KPIs exceeding institutional targets in five 

of seven categories, regression analysis identifies IoT Infrastructure Index and Data Analytics Maturity as the two 

most significant predictors of digital operational excellence, these two components together explain the large 

majority of framework performance variance. 

The ANOVA results highlight how the framework needs to be adjusted for more specific types of institutions   

particularly for primary and secondary schools working with more limited digital architecture. This cross-

applicability provides rigorous comparative evidence for the SDOS Framework's superior performance relative 

to previous approaches across domains and geographic contexts, while also recognizing the range conditions; 

specifically, the relatively high-resource organizational sample, which limits direct generalizability to low-

resourced contexts. Future research should scope the framework testing beyond institutional contexts in rural, 

low-resource and internationally diverse settings; explore the sustainability and/or generalizability of the digital 

operational gains after the shorter 36-month measurement horizon; and study the SIFTING opportunity emerging 

for built environments characterized by easier access to artificial intelligence and/or edge computing [41]. 

Adopting the governance protocols of the SDOS Framework will also give policymakers a credible way to develop 

a pathway from infrastructure investment to a sustainable form of operational transformation as part of the national 

digital education strategies. 
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