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EDUCATIONAL INSTITUTIONS
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Abstract

The educational years at educational institutiores regarded as
some of the most significant for students becahsg assist students in
developing their personalities, abilities, and tiveapotential. Also, it will
assist students develop into young adults who cakemimportant
contributions to society. Unfortunately, these dagducational facilities
often suffer from various shortcomings that negdsyivimpact the overall
guality of education.

The paper proposes an intelligent advisory systemeélucational
buildings. This intelligent advisory system aimddokle several significant
issues that arise during the construction of edwmeal facilities. These
issues include ensuring that rules and standardsdiecation are followed,
implementing energy- efficient and sustainable gliesconcepts, and
meeting the changing demands of contemporary tegchethods. By
proactively addressing problems and reducing ojerat disruptions, this
data-driven approach improves students' and stgfieral safety and well-
being. It adds to the longevity and sustainabilitfy school buildings.
Continuous data collection on temperature, humjdatyd occupancy is
possible using sensors in Al-driven school buildasgessments. In addition
to facilitating predictive maintenance, which helgsot possible problems
before they become serious, these sensors alsowmpnergy efficiency by
adjusting lighting, ventilation, and heating syssenm real time. The
combination of sensor data and Al algorithms impsothe overall efficacy
of infrastructure management in educational setting

To determine the quality of the proposed systemnvag evaluated on
two levels: expert satisfaction and system accurdéye obtained results
showed that, a team of expert specialists confirthedproposed system'’s
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potential for widespread implementation in real cadional settings. The
obtained results showed that, a team of softwaperex confirmed the
proposed system's potential for widespread impleatiem in real

educational settings. Furthermore, the results sdothat the proposed
system achieved a high level of accuracy, reacBiid %, in identifying

and resolving problems in the tested educatiorsiturtions.

Keywords: Educational Institutions, Artificial Intelligence
Advisory System, Expert Satisfaction Test, Accuraegt.

1. INTRODUCTION

Technology's rapid development has drastically ghdnseveral
industries, including construction and educatios.hiibs for innovation and
learning, educational institutions need functianfastructure that supports
a changing pedagogical environment. The intricacgrganizing, creating,
and building such facilities calls for a methodieald astute strategy to
guarantee that they satisfy the various demandstakeholders, such as
academic members, administrative staff, and sted&ht

Property companies worldwide are currently conagrabout the
need for technology-assisted property managemanidiboth efficient and
effective. A significant part of the governmentmtion in many nations is
regulating real estate sector issugs INumerous technologies, such as data
acquisition, analysis, and visualization, are irabed to offer safe, reliable,
affordable, and high-quality smart building8].[ Many researchers see
opportunities to use Al-powered capabilities in maaspects of the
education procesd].

Sensor integration in school building assessmelisva a more
detailed understanding of the surroundings. Fomgt@, occupancy sensors
ensure energy efficiency by optimizing HVAC andhligg systems based
on real-time usage. Environmental sensors keepyaroe temperature and
air quality to create a healthier indoor environin&redictive maintenance
is made easier by structural sensors' ability emidly wear and tear early.
Together with Al, this extensive sensor networksudata into insights that

1200\
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can be used, improving the school infrastructuregssponsiveness,
sustainability, and resiliencé]|

Light sensors adjust “artificial lighting” followon natural light
levels, promote energy efficiency, and create a fodable learning
atmosphere. Heat sensors contribute to temperatargrol, ensuring
optimal comfort and energy conservation conditiofi®gether, these
sensors, when integrated with Al, create an inneeaystem that adapts to
changing conditions, reducing energy consumptiamj @nhancing the
overall efficiency of school building managemesit [

Assessing school buildings with gas sensors adds textra degree
of security. These sensors can track a varietyaség and notify authorities
of any anomalies, including gas leaks. By integratjas sensors with Al
systems, schools can enhance safety protocolsynmeésgwiftly to potential
hazards, and ensure students' and staff's welgb&hms proactive approach
significantly creates “a secure and resilient” eddional environment7].

This study investigates the creation of an intehig consulting
system designed explicitly for educational buildinghe system provides
scenario simulations, real-time feedback, and pte@ analytics to make
well-informed decisions throughout the project. Huggested system uses
machine learning and artificial intelligence toesfidata-driven insights and
suggestions throughout the building developmentprawve decision-
making, optimally allocate resources, and raisdding projects' general
efficacy and efficiency.

The following is the order of the remaining porsoaf the paper:
Section 2 describes the study problem. Sectiontlnea the approach. In
Section 4, the pertinent study is demonstratedti@eb presents the study's
materials and methodology. In Section 6, the pregaystem are discussed.
Section 7 talks about the study's results. Infth& section, the study is
concluded and future work is outlined.

2. STUDY PROBLEM
With the increasing demand for smart education@hstructure that
supports modern pedagogical needs, there is a mgowecessity for
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intelligent systems that can provide accurate,-daten recommendations
during the building development process. Howevenrent consulting
methods do not adequately integrate artificial lilgience, building
information modeling (BIM), or real-time data anadg to support decision-
making in the early planning and design phasess @ap highlights the
need for an intelligent advisory system capableasdisting stakeholders,
such as architects, engineers, and educationalngtrators, in designing
and developing educational buildings that are safestainable, and
adaptable to future requirements.

This gap highlights the need for an intelligenttegs that can assist
all stakeholders, such as architects, engineexs,edncational institution
administrators, in designing and constructing safestainable, and
adaptable educational buildings that meet futurguirements. This is
precisely what the current study proposes: anligégit advisory system for
the development of buildings in educational insittos.

The primary goal of this research is to develop iatelligent
advisory system that supports the efficient desigid development of
buildings in educational institutions. The proposetklligent advisory
system uses multiple sensors to identify buildirgdiaiencies during the
planning and construction phases. It then provitdes manager of the
educational institution with a set of recommendagisupported by accurate
actual data about the deficiencies and proposes@ad to address them.

3. STUDY APPROACH

This study employed a descriptive approach to weutee findings
of previous studies on the research topic, in otderstablish a theoretical
framework. It also utilized an experimental apptoao evaluate the
effectiveness of the proposed system in identifyisigpricomings in
educational institutions, and to suggest solutioreddress them.

4. RELATED WORK

Because it offers a precise overview of the mastmedevelopments
made by scientists in the field at hand, a literateview is an essential part
of scientific research. In the discussion thatdwk, the most important
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prior research on the topic of the current studyesewed and arranged
chronologically from oldest to newest.

A study entitled “Smart home using local area nekw@AN) based
Arduino Mega 2560”, which was conducted by Kusriga& Putra (2016),
aimed to design, build, and test a prototype fdow-cost smart home
automation system. The research addressed the dagh and internet-
dependency of many commercial smart home solutibims.primary barrier
identified was the need for an affordable and béfiasystem that could
operate on a private Local Area Network (LAN) witthorequiring a
constant internet connection for basic controlale appliances. The study
concluded that the developed prototype was suadestfmonstrating that
home appliances could be effectively and relialogtolled through a web-
based interface hosted on the Arduino microcomrolFurthermore, the
study found that several design choices were inu#gr@ predictors of the
system's successful operation. Factors such agsthef an Arduino Mega
2560 for processing, the integration of an Ethesghéld for stable network
connectivity, and the proper implementation of yataodules for appliance
control were identified as the key technical fastensuring the system's
functionality [8].

A study entitled “Determination of environmentalr@aeters based
on Arduino-based low-cost sensors”, which was cotetiiby Mobaraki et
al. (2020), aimed to design and develop a portdb¥e,cost environmental
monitoring system using an Arduino microcontrollethe research
addressed the prohibitive cost and lack of acciiggibf professional-grade
environmental monitoring equipment. The primaryriearidentified was the
financial and technical difficulty for educationaistitutions or citizen
scientists to obtain real-time environmental datadnalysis and learning
purposes. The study concluded that the developatdtgpe was capable of
successfully determining and displaying variousiemmental parameters,
such as temperature, humidity, and air quality,erfig a viable and
affordable alternative to commercial devices. Femtore, the study
implicitly found that several elements were indeget predictors of the

system's accuracy and reliability. Factors inclgdime careful selection and
o)
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calibration of sensors, the efficiency of the dataeessing algorithm
running on the Arduino, and the stability of theside's power source were
identified as critical factors for achieving depeh® environmental
measurements [9].

A study entitled “Environmental monitoring systeraskd on low-
cost sensors”, which was conducted by Mobarakil.e{2820), aimed to
develop and validate a low-cost system for momgprienvironmental
parameters that affect the durability of buildingterials and components.
The research addressed the significant financialidsathat prevents
widespread, long-term environmental monitoring i around buildings.
The primary barrier identified was the high cost eddmmercial-grade
monitoring stations, which limits their use in margsearch and practical
applications related to building science and malketegradation studies.
The study concluded that the Arduino-based protwtgould reliably
measure key parameters like temperature, humilitgt,airborne pollutants,
presenting a cost-effective tool for assessing sbwice life of building
materials. Furthermore, the study highlighted tint system's utility was
dependent on several factors. The validation ofd¢oat sensor data against
reference instruments, the system'’s capacity fay-term autonomous data
logging, and the successful integration of wirelessnmunication for
remote data access were identified as independedicpors of the system's
reliability and practical applicability in the fefl10].

A study entitled “Evaluation of low-cost angular asering
sensors”, which was conducted by Komarizadehaal.g020), aimed to
evaluate the accuracy and reliability of low-cosg@ar sensors for use in
construction and structural health monitoring. Teeearch addressed the
high cost of industrial-grade sensors, which ofiiemts their widespread
application in monitoring projects. The primary fiar identified was the
lack of validated data on the performance of atibid alternatives, leading
to uncertainty about their suitability for enginiegrapplications. The study
concluded that while low-cost sensors exhibit mo@se and lower
precision than their expensive counterparts, thay provide acceptable

accuracy for many monitoring tasks when their daaroperly filtered and
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calibrated. Furthermore, the effectiveness of @@ écquisition system and
the implementation of appropriate signal processaigorithms were
identified as independent predictors of the overiability and accuracy of
the measurements obtained from these low-cost sefish.

A study entitled “Intelligent systems for functidnenprovement of
buildings”, which was conducted by Omar (2020), edinto review and
analyze the application of intelligent systemsnihancing the functionality,
efficiency, and sustainability of modern buildingshe research addressed
the growing need to optimize building performanae nesponse to
environmental and economic pressures. The primarydp identified was
the complexity of integrating diverse intelligeetchnologies (such as loT,
Al, and automation) into a cohesive and interoplerabilding management
system. The study concluded that intelligent systeoffer significant
potential to improve energy consumption, user cotnfand operational
management, transforming buildings into responsiaed adaptive
environments. Furthermore, the successful impleatiemt of these systems
was found to be dependent on several factors. Stableshment of open
communication protocols, the development of advdndata analytics
capabilities, and a focus on user-centric desigrrewelentified as
independent predictors for achieving the full fumeal and economic
benefits of intelligent buildings [12].

A study entitled “Assessing the energy resilienteffice buildings:
Development and testing of a simplified metric feal estate stakeholders”,
which was conducted by Mathew et al. (2021), aineedevelop and test a
simplified, actionable metric for evaluating theeggy resilience of
commercial office buildings. The research addredbedlack of practical
tools for real estate stakeholders to assessiihisatattribute. The primary
barrier identified was that existing resilienceesssnent methods are often
too complex and data-intensive for non-technicaisien-makers, making
it difficult to incorporate resilience into invesemt and management
decisions. The study concluded that the proposddanbased on a three-
part framework, effectively quantifies a buildingésilience and allows for

easy comparison across a portfolio of propertiasthérmore, the study
o
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established three core capabilities as indepengesdictors of overall
energy resilience: Robustness (the ability to wathd disruptions),
Resourcefulness (the availability of backup powad aesources), and
Recovery (the speed at which normal operations lmamrestored). The
metric provides a clear pathway for stakeholdersvest in measures that
directly improve these factors [13].

A study entitled “Generative Al in business conisiglt Redefining
strategic insights”, which was conducted by Malagal. (2023), aimed to
explore the transformative impact of Generative @i the business
consulting industry and how it can redefine the egation of strategic
insights. The research addressed how consultingsfican leverage these
new technologies to enhance their services. Theapyi barrier identified
was the risk of over-reliance on Al without critidauman oversight, which
could lead to generic, biased, or contextually prapriate strategies,
alongside significant ethical and data privacy @ns. The study concluded
that Generative Al is not a replacement for humamsaltants but a
powerful augmentation tool that can automate datdyais and accelerate
idea generation. Furthermore, the study foundtti@asuccessful integration
of Generative Al into consulting workflows deperais several key factors.
The organization's ability to develop robust ethigaidelines, cultivate a
culture of human-Al collaboration, and invest imiming consultants to
critically evaluate Al outputs were identified aslépendent predictors of
achieving superior strategic insights and mainteyralient trust [14].

A study entitled “The future role of artificial ielligence (Al)
design's integration into architectural and interaesign education to
improve efficiency, sustainability, and creativityhich was conducted by
Almaz et al. (2024), aimed to examine and propo$emework for the
integration of Artificial Intelligence into the auculum for architecture and
interior design students. The research addresseslalwv pace of adaptation
in traditional design education to rapid technatagjichange. The primary
barrier identified was the significant gap betwdles advanced capabilities
of Al tools used in professional practice and tlaekl of structured

pedagogical approaches to teach these technologasademia. The study
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concluded that incorporating Al into design eduwatiis critical for
preparing students for the future of the indusfgsitioning Al as a
collaborative partner that enhances human creatanid analytical skills.
Furthermore, the study asserted that several utistial and pedagogical
shifts are independent predictors of a successtegration. Factors such as
comprehensive curriculum reform, dedicated facuhgining programs,
ensuring student access to cutting-edge Al toald, astrong emphasis on
the ethical application of Al were identified asucial for effectively
improving student efficiency, creativity, and foaus sustainability [15].

5. MATERIALS and METHODS
The materials and methods of the current studydethe following:
5.1 Study Design and Ethical Approval

The study was conducted at the beginning of the5ZIR26
academic year in several schools in Dakahlia Garate, with the aim of
identifying their shortcomings and developing ampiate solutions.
Although this study does not involve sensitive hardata, ethical approval
will be obtained for expert interviews. All pargents will provide
informed consent, and their responses will remaonfidential and
anonymous. Data used for simulations will be namtdiable and solely
for research purposes.

5.2 Study Sample
The study was conducted using a random samplehafosc in the
Dakahlia Governorate, Egypt. The number of schgalgicipating in the

study was 50, distributed in approximately equalpprtions among the
various educational administrations in Dakahlia &oworate.

5.3 Study Instruments

The following methods were used to collect the neglidata from
the study sample:

* The first method was used to measure the easeaiffube proposed
system, by designing a questionnaire with multeplestions covering
various aspects of software system evaluation.

(1397
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» The second method was used to measure the effeetis®f the
proposed system in identifying deficiencies in eatiomal buildings
and proposing solutions, through a practical expeni.

In this context, it is important to emphasize thetimds used to
ensure the validity and reliability of the studpi®
5.3.1 Validity of Questionnaire

To get expert opinions on the validity of the pregd questionnaire
in measuring what it was designed to measure, tineert study used the
"Degree of Agreement Method". In order to use #pproach, a group of
subject-matter experts were shown the proposedtiqoeaire, and their
responses were noted. According to the obtainedltses93.1% of the
experts agreed that the proposed questionnaira iacaeptable tool for
measuring the usability of the proposed system.

5.3.2 Reliability of Questionnaire

To ascertain whether or not the proposed questienezould
produce the same findings when utilized again undemparable
circumstances, the current study employed the “Res¢st” method. In
order to implement this approach, the proposed touemire was
conducted on 10% of the study sample, and therfgsedivere noted. Three
weeks later, another 15% of the study sample urelg@rvthe same
procedures, and the results were recorded agaip. olitained results
demonstrated that the reliability score of the psmgul questionnaire was
0.92, which is considered a high level in differgniblished scientific
research papers.

5.4 Data Analysis

Data analysis is defined as the process of anaystudy data using

statistical methods to obtain the necessary infatomaThis study employed

a descriptive analysis approach, and the data weatyzed using IBM
SPSS software.
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6. PROPOSED SYSTEM

To facilitate understanding of the proposed systamwill be
divided into separate sections. Each of thesemectvill be explained in
detail below:

6.1 System Overview

The purpose of the proposed intelligent advisomstean is to assist
with the planning and construction of educatiomalilities by continuously
tracking and evaluating important environmentalapagters like lighting,
noise, humidity, temperature, and air quality. Tgreposed system uses
information gathered from sensors both inside auntside the building,
processes it via an ESP32 microcontroller, and trersmits it to an expert
application on a personal computer. The data issassl, adverse conditions
are identified, and recommendations are made inhtirea to improve the
learning environment and guide future building yolgrs. A more efficient,
student-centered educational infrastructure is anteed by the system's
integration of environmental consciousness withevadscision- making.

To design an ideal educational institution builditige researcher
takes into account the following two points:

A) School Building Specifications:

The design of a school building should possess rakvieey
characteristics, as shown in Figure 1. These irclud

1. It should be simple and clear.

2. It should have aesthetic appeal, such as the usatmictive and
visually pleasing colors.

3. It should be suitable for the educational process$ the number of
students.

4. It should provide infrastructure needs, such astetity, sanitation,
and water.

5. It should be compatible with the climate and weafhetuations in
terms of ventilation and lighting

6. It should provide public services, such as spauasijal, medical, and

(1399
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cultural services.

7. It should be compatible with safety requirementghsthat it must be
away from sources of danger, such as fires and@ots.

8. It should be away from humidity and sources ofytah.

©0E © @

SAFETY FUNCTIONALITY ACCESSIBILITY SUSTAINABILITY

L I I J

) (

e O N
ool000|oo
oo| [T] |oo

Figure 1. The major criteria for school buildings
B) Impact of Environmental Factors on the EducationalProcess:

It is well known that key environmental factors¢klas temperature,
humidity, air quality, noise, and lighting, dirgctlaffect concentration,
comfort, and cognitive function. Poor air qualitgydaexcessively high or
low temperatures can cause fatigue and negativetpact mental
performance, while excessive noise and inadequgtgig can impair
concentration and comprehension. Therefore, progidn optimal learning
environment in schools and universities can enhatgdent engagement
and improve learning outcomes, contributing to altheer and more
effective educational environment, as illustrateéigure 2.
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TEMPERATURE
- Too holt or oo cold can lead -
to discomfort, reduced
concentration, and fatigue. -

students and interfere with
wverbal instructions.

J 7
AR OQUALITY SEATINGS AN SPACE

- Poor ventilation increases - Crowded. uncomfortable
COmm levels. making settings iNncrease stress
students drowsy - Color and aesthetics can

boost morale and creativirty

Figure 2: The impact of environmental factors on the edocati process
6.2 System Flowchart:

The proposed system monitors the educational utistit in real
time, continuously gathering data from both intéarad external sources to
identify any shortcomings and provide recommendatifor addressing
them. This, in turn, contributes to improving thegewll learning and
teaching environment. A flowchart for the main @igms involved in the
proposed system is shown in Figure 3.
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L i

Open Serial Port

b 3
Read Data

Abnormal

No Data Yes
4
Ask Questions
L 4
Display Readings Decide Soultion

Figure 3: The steps of the proposed system

6.3 System Methodology

The methodology of the proposed system include fatlewing
procedures:

6.3.1 Data Collection:
» Gather architectural designs, construction datajr@mmental impact
reports, and cost analyses from existing educdtlmnbding projects.

» Collect user requirements and feedback from stddeh®

C1200)
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(administrators, teachers, students).
6.3.2 System Design:
* Define the architecture of the intelligent consigtsystem.

» Develop Al models for predicting costs, suggessingtainable materials,
optimizing space usage, and ensuring compliancé wttucational
standards.

6.3.3 Implementation:

* Integrate Al models into a unified consulting syste

» Develop a user-friendly interface for interactiothvthe system.
6.3.4 Testing and Evaluation:

» Gather feedback from software experts about theilingaf the proposed
system.

 Performing practical tests to evaluate the systrfopnance.
* Presenting the results and making recommendations.
6.4 System Components

Many components were used in building the systerhes@&
components can be classified into two categoriasiiiare components and
software components. These components are desdtribed:

6.4.1 Hardware Components:

It is used to sense the conditions of the surrauménvironment and
consist of the indoor unit and the outdoor unitatidition, it is to measure
the conditions inside and outside the buildingslaswn in Figure 4, and to
simulate the process of measuring and containimgpoaents, as shown in
Figure 5. This unit consists of the following elerts

10.4.1.1 ESP32

10.4.1.2 Gas Sensor

10.4.1.3 Light Sensor

10.4.1.4 An Infrared Sensor

10.4.1.5 Temperature and Humidity Sensor

(1403)
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10.4.1.6 Contact Temperature
10.4.1.7 Led Sensors
10.4.1.8 Sound Sensor
10.4.1.9 Power Supply
10.4.1.10 Some Connections
10.4.1.11 Test Board
10.4.1.12 Maquette Room

| HARDWARE
|

|
(ourooonun)
1

T 1
ESPaz GAS SENSOR T
LED TO | I | I SENSOR
I TEMPERA‘I'URE AL R AT aLE:rIu » Communicattion Mo 138 ,_DF,
LIGHT

with Cm’npulnl
L'\-'-'-'S SENSORS - Upwal-on of

nnnnnn LI{‘.HTEEFI
- !nle ing Readings SENSOR ";:':i;gib
= Calibsration of LDRA IR DIODE
SBormertings
=T (T
AND HUMIDITY
SENSOR

POWER DHT i

Supply units
with anergy




= Research Journal Specific Education - |ssue No. 83 - may 2024

6.4.2 Software Components:

It is used to program the hardware components awsdire their
efficient operations, and it is includes the follog/element:

6.4.2.1Arduino Software:

It is a free andopen-sourceprogrammingenvironment. With a
community-driven system and simple interface, ttegmam makes it easier
to code websites and applications. This softwaesdwmt require advanced
technical skills or experience, making it suitalide both beginners and
professionals.

6.5 System Implementation

The proposed system is designed to run on PCsngrWwindows 8
and above operating systems, using Visual Studib ®@# and the WPF
interface.

In practice, the proposed system includes a nurobegraphical
screens.A sample of the proposed system implementatscreens is
presented in the following:

6.5.1 The Settings Screen:

The settings screen of the proposed system shoWwigime 6 is used
to enter the basic data of the target school.

R settingsScreen Lol

= O % Bm ¥ wa ) O




Disconnected Disconnected Notifications

Last update

9:42:46 PM 9:42:45 PM

New/Edit Room
4 Room settings
B oo
R
a1 a9z windows Room Dimensions
Connection state

M. windows height
Disconnected Disconnecte

Last update
9:42:46 PM 94245 PM
Alerts

Normal Normal

Delete

The modifications screen of the proposed systemshio Figure 8 is used to
edit (add, delete, modify) elements of the schamich as classrooms,
laboratories, library, etc.
Figure 8: The modifications screen of the proposed system
6.5.4The Monitoring Screen:

The monitoring screen of the proposed system shiawigure 9 is
used to continuously monitor the school's status.

e =]

Last update

9:42:46 PM  9:42:45 PM

Alerts

Normal
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6.5.5 The Expert screen:

Wingon — T

e thing?

Connection state

Disconnected Disconnected
|
Last update
94246 PM  9:42:45 PM
Alerts

Normal Normal

F 10: The expert screen of the proposed system

The expert screen of the proposed system showigureg=10 is used
to identify the problems existing in the school @adoropose solutions for
them.

7. Study Results

To evaluate the proposed system, it will undergm tigsts as
follows:

7.1 Validity Test

In order to get precise expert feedback on the geep system, the
suggested usability questionnaire was divided fotor main dimensions,
most notably operational efficiency, system resportgne, analysis
accuracy, and user ease of use.

The usability evaluation questionnaires were ctdigécfrom the
evaluators, and any invalid, incomplete, or damageestionnaires were
excluded. A descriptive statistical analysis wasenttperformed on the
completed questionnaires, and the results are mexsen Table 1.
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Table 1: Results of the proposed system usability

Expert 1 Expert 2 Expert 3 Expert....N AVG
99 90 95 95 99
80 95 85 98 80
90 85 95 90 90
90 85 99 80 90
98 90 95 90 98
90 90 98 90 90
80 90 99 99 80
95 90 95 90 95
99 99 99 99 99
95 90 99 85 95
90 95 90 90 90
99 99 99 95 99
90 80 95 95 90
99 99 99 95 99
98 95 90 95 98
99 90 95 95 99

Overall Expert Satisfaction Level 93.1%

The above results demonstrated that the averageesscare
calculated for each row, culminating in an ovesitem evaluation score
of 93.1%. It indicates a high level of performaiacel consistency across the
various aspects assessed by the experts. In agditezording to the data
shown in Tablel, the experts' evaluations “rangetvéen 80% and 99%,
with an overall average of 93.1%, indicating a hig\el of satisfaction and
positive consensus regarding the quality of théesy's performance”.

7.2 Efficiency Test
In order to verify the efficiency of the systeitwas tested in several

schools in Dakahlia Governorate, with the aim oeniifying their
shortcomings and developing appropriate solutions.

1202
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The sensors were installed to detect environmehi@hges occurred
in the school such as lighting, humidity, tempemtunoise, and air
guality.Then, the proposed system collected thia ttareal time, processed
it, and issued immediate recommendations for impg\uhe classroom
environment.

The accuracy of the proposed system for identifghgrtcomings in
schools was calculated, and the results are dodach@nthe Table 2.

Table 2: Results of the proposed system accuracy

Light | IR Light TAe”r:]bp (':I'(:lrlnnp? Humidity Q:;r“ty Noise Wisr'tict’;"s Solution

H/IM H/L 26/24 24 50 H/H M/L Closed Open windows

MIM HIM 22/20 19 61 H/H M/IM Open Increase light

HIM HM | 2081| 33 63 HH | wL|  open N?::j:t]iirnmal

M/H M/L 24/25 24 66 H/M H Closed | Decrease crowdedr|ess
M/H M/M 25/25 25 56 H/H H/H Closed | Needs sound insulafion
H/H H/H 30/29] 29 57 H/H M/L Open Needs fan

H/H H/M 34/34] 35 70 MIM L/L Open Needs ac (cold)
M/H M/L 19/24 21 52 H/L M/L Closed Needs an air puffigr
M/H MIM 12/14 11 61 H/H L Closed Needs ac (hot)

Close the windows, i
needs air vent with

H/M H/L 26/24 24 50 L/M M/L Open .
filters
H/H H/H 22/20] 19 51 M/H M/M] Closed Needs curtains
H/H H/L 40/38] 37 68 H/M UL Open Needs ac (cold)
M/H ML | 24;5| 24 46 HH | |  open Needs an air
moisturizer
HIH M | 373s| 35 36 wH | mm|  open | Needsanevaporative
cooler
L/H L/L 20/21 20 59 H/H L/H Open Close windows
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The above results demonstrated that examples dfe tiheal-life
cases, which include current environmental conaéti@and the proposed
recommendations for each case. Each row represedistinct snapshot
where the system has ingested sensor data andptkearibed a control
intervention (ventilation, lighting adjustment, thel or sound insulation,
etc.) to bring conditions into a more desirablegeanThe abbreviation (H)
stands for (High), M for Medium, and (L) for Low.

In each cell, there are two abbreviations (M/L)e ftiight-side one
represents the interior condition, and the lefesade represents the exterior
condition. For example, when the indoor temperatirge and the air
quality deteriorated, the system recommended opettie windows and
turning on a cooling fan. In other cases, it rec@nded thermal insulation,
installing air conditioners, or reducing the numiaérstudents to reduce
noise.

These results also demonstrated that the systdmiity do provide
accurate and practical solutions that can be aplgsed on the incoming
data. They also demonstrate their ability to dgiish between different
environmental conditions and customize recommeaodstibased on the
nature of each situation. This highlights the sysseintelligence and its
ability to adapt to the actual context, rather tkanply working according
to a fixed program.

8. CONCLUSION And FUTURE WORK

The study conclusion and future work will be preasdnn detail in
two separate sections below:

8.1 CONCLUSION

The Internet of Things (IoT) technology has becamsignificant
issue in the education sector, with estimates atitig its widespread
adoption in many modern schools for developing $mawildings.
Therefore, this study presented an intelligent sahyi system for improving
buildings in educational institutions.

The proposed system continuously monitored theandad outdoor
conditions of a classroom using ESP32 devices wheaie outfitted with a

C1210)
{1410)
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range of sensors. By monitoring critical environtaérparameters like
temperature, light intensity, and humidity, the teys was able to spot
irregularities and recommend solutions. Assessittgpa buildings with

sensors enables a more thorough comprehensiore @nfironment. When
paired with artificial intelligence, this vast sensietwork transforms data
into insightful knowledge that enhances the resdéee sustainability, and
responsiveness of school infrastructure. For im&tarnf the classroom's
temperature rose too high or the lighting was iqgadée, the system offered
specific suggestions for enhancement, like changdimg lighting or the

thermostat.

The evaluation plan focused on testing two aspdugssuitability of
the proposed system for practical use, and itsracguin detecting and
addressing shortcomings in educational institutighizalysis of the study
results showed that most experts agreed on thabdiiit of the proposed
system for use in real-world educational environtsenThe testing
procedures also demonstrated the system's effaesgein detecting and
addressing shortcomings in the participating school

The research recommendations concluded the neegé&nd the use
of the proposed system to detect and address shartgs in educational
facilities.

8.2 FUTURE WORK

This study contributes to sustainable and adaptdblening
environments and is a step toward smarter, morectefe building
management in educational settings. Research cpandxthe system's
capabilities by integrating additional sensors ditizing advanced Al
algorithms to predict potential issues before these.
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