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ABSTRACT

Sustainable development goals (SDGs) are a set of 17 interlinked goals set by the United
Nations in order to achieve prosperity for all. These goals focus on improving the standard of
living broadly through better education, environmental consciousness, poverty reduction,
equality, good health and sustainable cities and communities. A key goal, SDG 4 aims to
provide quality education for all and ensure equity and inclusivity. There is a need to develop
action plans at the global as well as local level to achieve these goals. The needs of developed
and developing countries such as India are quite dissimilar given its scale and diversity. It is
manually not possible to take decision for large scale problems. The current work deals with
the planning and management aspects in the Indian school education through quantitative
models which can be solved using algorithms and software. The thesis presents mathematical
models that aid in school education decision-making and can be replicated to other contexts
and geographical locations with minor alternations. The models need to be efficient in terms
of solving problems at scale as well as be effective to consider the requirements of all

stakeholders with conflicting objectives.

The thesis presents work that is at the intersection of SDG 11, SDG 12 and SDG 13 along with
SDG 4, which is the key focus. The overall objective is to improve the education governance
and delivery for better satisfaction of people’s aspirations and expectations. It starts with a
literature review to develop an understanding of factors that affect academic performance of
schools and their interrelationships. These factors vary in different education systems and
geographical locations. An empirical study of about 800 government schools in Delhi, India
for three academic years attempts to uncover these factors. This study helps to identify the
schools that need improvement and a set of interventions that can help enhance their
performance using statistical analysis and geotagging of schools. This part also provides a
conceptual model using game theory to understand school inspections with respect to the
probability of violation by schools and their chances of being caught. The performance of
schools depends on its resources, that is, manpower and infrastructural resources, and its
operations as identified through a literature survey. Teachers are arguably the most important
manpower resource in schools and their distribution is skewed towards areas with good
accessibility. There are two ways to improve teacher distribution. The first way is to transfer
teachers followed by recruitment in case of large deficits within the network or recruiting
teachers in a decentralized manner that would incur heavy cost and reduce utilization. The

second way is to consolidate schools in case of a presence of a large number of schools with
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low enrolments, since it is not economically viable to provide good quality resources in all

schools. This work explores both these aspects.

The next study provides empirical insights into teacher distribution in Delhi, India over the
three academic years using statistical methods. The results indicate that the teacher distribution
depends on school location, years of existence, medium of instruction, number of inspections,
school type and school size. We develop mathematical models that help achieve an equitable
distribution of teachers through centralized transfer of teachers by optimizing the deficits and
transfer distance. The models help formulate fair and transparent transfer policies. The results
indicate a good amount of reduction in the number of teacher deficit schools and maximum

deficit in each school.

Next, the thesis presents mathematical models for school consolidation, a special case of
facility location problem to ensure walking accessibility versus quality trade-off in school
education. This involves school closures and reallocation of students and teachers to nearby
schools without opening any new schools, due to a presence of a large number of small schools.
The suite of models can be helpful for the decision-makers in a variety of situations based on
the needs of a given administrative area. In this context, we present two case studies of a district
each in the states of Karnataka and Andhra Pradesh in India. The first case study illustrates the
effect of a model to minimize the disruption while consolidating different types of schools with
variable number of grades. The second case study shows the effect of all school consolidation
models on primary schools and assists the decision-makers on usage of these models

customizing their needs.

Students often travel distances beyond the scope of walking for better educational
opportunities. They use school buses, public transport and private vehicles for this purpose.
Studies show school commute affects academic performance in schools. In India, schools plan
their transportation autonomously. Hence, it is required to develop a holistic framework that
provides safe and convenient commute to school and also considers the environmental aspects.
In this regard, it is important to understand the enablers for the use of school buses and shift
non-bus users to school buses for operational efficiency. We develop a framework for this
purpose to incorporate the views of experts, parents of current bus users and non-bus users.
The survey of experts helps to rank the factors that affect bus usage while the survey of parents
of current users gives their perception of buses to help formulate improvement strategies. The

survey of non-bus user parents helps to understand the reasons that inhibit use of school buses
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and possible interventions that can cause a likely shift to school buses. A key factor that affects
school bus usage/ non-bus usage is the design of bus routes that may be long in terms of
distance and time. The last part of the thesis provides a model to minimize the operational costs
of school buses for schools whose buses are not stationed at the school, but located at third-
party depots throughout the city. We apply the framework to improve school buses and the
mathematical model to a prominent school in Delhi, India that helps reduce their operational
costs by about 12% per annum and lead to a potential shift of more than 50% of non-bus users

to buses.

Overall, the thesis provides models that aid decision-making in the planning and management
aspects of school education. We demonstrate the models through case studies and examples to

assist decision-makers and planners to make efficient decisions using quantitative techniques.

Keywords: School performance, Resource planning, Modelling, Optimization,

Regression, Geotagging, Sustainable transportation, School bus routing problem.



S I0UE]

qod TaerE oeg (vHsiel) Fft T gAY & fov d@gFd Tsg garn FUiRd &=
AT 8T T Teh HAG ol ¥ ofeT dgal 8T, TATeRor Ader, aer #H e,
AT, TS FEYY T TR g0 AR FHERT & #AegH § eF9d dl W
SNael TR H GUR ol T T higd X &1 Uh THE o&F, THASISN 4 &l 3T
Tl & AU 3o e vereT & |y € fAsqerar 3R AR s giafRad wer
g1 37 TI8T Sl UIod el o [T afRaes 3R TURNT TR W S IISTAT dolled T
IMARIRAT 1 99 Yt 3R FAfIerar 1 q@d gU R S fashrarelier et &1 s
farf@a def & & e §1 a3 Yo &1 gEEst & v Asgre v o
"G G §1 dTHAT FE HRAT Tpell & & Sl AR yaeed & qgesit &
ed g N A0y Alsed TE&dd Xl § o8 TeaReA 3R |iteder &
39ANT #Xh gl fhdT ST Tohcl 81 TE HAised Tholl RIGT & At 3R gaerd
TFrafad AU o F T@@dar ad g AR 39 3T dedt 3R sieifos TuE W)
AR IRAAT & @ 39T H Y AT ST FHaT & I Alsed 93 WS W
FHEATIT &I G&TAT H &l el & FY-A1Y 9N fOUe 3¢ arer gaft ArsigRy
T JTARIHATIHT I qUT el & AT § fahf@d fd 71w gl

NEE TaSIST 4 & Y-8y THSST 11, vasel 12 AR vageh 13 & sid-ufasdes
W HH FEIT BT | 30 NAG T HET 3627 oll9i Sl AThiaT3il AR 9emai
B SER Fdfce & forw Rem gemder 3R ARoT & GUR I &1 Thell & Aefforn
el 3R 3% iadel HF Tfad e Tl FRPT P GHSS & [T Tg HA
aifgfcaes aaiet (foeter Reg) @ 3Re gIar &1 T &R faffier fem gonfoat 3k
Hiaiforer T A et et gla &1 s8F a6 gAa i Aeqi0ies anf & fav
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feoel, TR 3 SETe7eT 800 TXhRT Tholl &1 IeJHdSled HEILT X ol hRehl
3SR A 1 YA fRar §1 I8 3reaae o f% 39 el @ Rfegd e 7 #eg
Rl & 7 GUR &1 TaRehdr g, dfewr AT fageiwor 3R ot Hr
TN AT ITAT Feh 3Adh TEUeT Pl Sgd] el H ACE T TohdT gl Ig HANET

Teholl GaNT 3ecitle] S HHIEAT AR 39 Ghs Slel I HHAGT & HGY H, Tehol
AdeTo FF gEsa & T A7 2IRT F7 IUWET FWEF T RS HAisd Y v
AT ¢ Foretear v & 3e]aR facaredl 1 vedle 38e Wi, 3R SR
3R JrgEEATeHs HETYHAT 3R GaTelT W AN T § | Fpell A 90 Ageaqol
Faree Rereh § 3R 3o fAaRor s ugw ard e # R SIrer g1 R
faRor & gur & e g dls &1 gl dliehr, ATl T Al arel Tholl # fafent
F AR FET AR 5806 916 9 AT arel Tpell H AT e a1 fAadipd
T F fRreret 1 o7l FT §, Frelitn, AFAFd ot 7 derg Al gl § SatE
3YANAAT FH I &1 GHU AXHT HH ATHIG dTel Tepell I HIATST AT § FiTh
R HH AHDA dTl BT ool FAlolg 8, d G Tpell # ST IOTE@r arol

Y el T 3Meh §G & GHI g1 g1 Tg HIH ol aledl Ggef3il &l gsclrel

AT &1

39T eI AifeahT /AT &1 39T & dia FeiOrs aut #F oo, 9IRa &
fR1eeh faeROT & Iegeracied Jaeice YTl arl gl IRUmA SHIT aXa & T Rigrh
TIROT Tt & VAT (@120, 3HTEdcd & ay, Rt a1 Areg#w, e fr g,

T & THR AR TFa & HER W AR a1 §1 38 916 &7 AT Arsd
farfla X § ot wiAaT 3R FaeTieRor 7 gl #1 3gEiad F e & Hded
TATATAOT & ATETH O RAeThl & FAT FTROT H HAeg L &1 T Alser f=sgeT 3iR
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aREe FAAROT AT S H HAeg FA 81 IRonH et Hr wAr arer Tl
I FE&AT 3N IAF ol A AAFAA FT H HH F& & Fhd & ol

$8% §Ig, I§ AN Thot Hiood & AT AV AlseT G Sl § S o
fRIem & e qga & 3T FAH JUTET Gl AR A F fow HRafed
ATheTeT Ylseld &l Ueh [IAT HAHCT &1 SHA 931 HE&AT H BIC Teholl 1 AU &
FRUT Thol &6 A1 3R T g AT Tohol Wl U1 &F Fhedl H oTAT IR FRAgTaRt
dI Yel: 3Mdced AT g1 Ymdfah &F $i Sl & AHJaR [Affied R
Fufaat & Alsed AvIeantt & v T8s & Td &1 39 TEH & g7 ARd &
Feflesh 3R 31T 9SG T A GAh el & a1 AHell 1 HETTT Todd R &
Tl e T [Affes YR & Fhell P HITda/ FARRT I §U I Pl HA
el o T U Aol & THIE @ AT &1 gl a0 Tt wraffe Tl W ael
Thol THbA HAlSed & THIE &I @l § iR 0T ool areil T Sofehl HTaRThcl13t

& 37T o HAlSell & YA H HGRIAT Hlehl ¢

BT HFE dgX ATeTeh a8 & fIT Ygof elel & RN 8 a6 1 gt a7 &l
gl d 38 36T & AU T w4, Hidelfele IRaes AR el agal &1 gt
A Bl Y@ NI § Tl oIl § o Topel @ HANHT hEiAs Faded i
FHITI AT &1 HRA H Thol TARK & A 39 IRAE I Al ST &1 FATAT,
Teh GHY AT AhfAd il HT IaeTehdl § St Fhel & FaId IR glaurseis
3MERTH Felel Y 3R TdTeror qgef3it X o1 faar Y| 56 §9Y #, 3 HRel A
TASAT & Sl Thel SO T 3G FARTT A § TaH IR a7 YA &
TAAROT IS A Ao I &1 6F Toh RGN Fhiad g § o [Fwar 3k
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IdHATT S99 39A9TRart td IR-a9 I9A9eRarsit & Aa-far & faanrt & enfae
A& |

ARt 1 GdaTor 97 IUART A gHIfEd A dTel RO B HA F TAT el
# Hee AT §| TRl T AT & FUN T 0TS TR S H TTATT STAEThci3il
& ATAT-TUAT T FA&TUT FAeq Al &1 IR-TH 3TAETehdl & ATI-TIAT T FA&TT 3o
HRON T FASTA A AGE HAT § S Tohol FHI & 3UANT H aifd & § 3N
AT Easld Sl 3o% Fhol FEI F YA & AT Wedfed d &1 FThel 99
SYAET/AN-SE YN HT GHTTAA el aTell Teh WHE HReh a8 HAEN 1 8T §
St gt 3R &AT & A F &aT g Fhar & DT &1 AT T 39 Fpell &
T Tt a6l H IR AT F HA e F fAT U Alsel YaTeT HT g1 AR
et & q Tt & I AR YeT  caRT el 8 Sff [ e & Ty f3a
¥ FRfifead g1 g7a feodll, HRA & Ush W@ Fho # Tl 61 3R A0 Alse
Sl 9gR Fellel & T FREAT A 9] AT 1 Ig T0@T IR=MeleT oIHETT Sl ST
12% 9fd a¥ &H it H Acg Al § 3R T 50% & 310 IR-98 3uAeThAT3N
Y TH IYAT F TAAAIRT F Thet &

Fol fRemRy, NR/T 0/ Alser YeTed FIc & S Thell e & @A 3R gaersT
TEop3it A fA0TT ot A WEIAT A 81 §H AEICHS dehellehl ST IUANT Flch FHIuA
AT 9 & AT [RuUgeant 3R ARt fr Gg™ar & Qv Fu el 3R
30T & AEIH ¥ Alsd Y d ol ¢l
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