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The Way Forward for SLIDA:
Transforming Public Sector Learning and
Development

Ms. Anusha Batawala Gamage

Additional Director General
(Learning & Development / Research & Development / Non Manegerial Training)
Sri Lanka Institute of Development Administration

Introduction:

In the face of rapidly evolving global governance trends and increasing demands for public sector reform,
traditional time-based training models are often inadequate. Recognizing the need for a more flexible and
competency-driven approach to public sector training, the Sri Lanka Institute of Development
Administration (SLIDA) launched the Credit-Based Qualification System (CBQS) in January 2024.
CBQS is designed to develop civil servants' capacity by equipping them with the skills, knowledge, and
competencies to steer complex trends and challenges, foster leadership, and deliver efficient,
citizen-centred, effective governance. By aligning training with the Sri Lanka Qualification Framework
(SLQF), the CBQS offers a comprehensive, modular approach to clear and structured pathways for career
progression, focusing on mastering competencies that matter most in the public sector rather than just
time-based participation (Gamage, 2024).

SLIDA CBQS Structure: Three-Fold Qualification System:

Induction Training Essential foundational
training for new civil servants

Fold 1:

Service-Specific Capacity Development Category 01: Online diplomas

Capacity-Based Programs: Tailored to specific roles or for public sector officers
Qualification

functions within the public sector.

Capacity-Based Diplomas: offered
in two categories:

Category 02: Specific discipline
based (in-class/Hybrid)
diplomas

CBQS Structure: Fold 2: These are flagship qualification

S for special Grade Officers
- Professional P 2
Three - Fold focusing on advanced leadership

Qualification System Qualification and stratrgic decision-naking

Fold 3:

sILLDES Professional Membershi
Professional rofessional Membership

Grading

Fig 1 CBQS - Threefold structure (Source: Gamage, 2024)

The Rationale of CBQS Implementation:

The implementation of the CBQS at SLIDA is grounded in the recognition that public sector training must
evolve to meet contemporary demands. Traditional education and training systems are often structured
around time-based models where civil servants are required to attend training for set durations without
necessarily demonstrating the mastery of skills required for effective governance (Kok, 2017). CBQS seeks
to address this limitation by emphasising competency-based learning, where participants must
demonstrate measurable skills and knowledge in a range of areas relevant to public administration and
service delivery. This approach ensures that training is directly aligned with the needs of modern
governance, public administration, and service delivery.

Furthermore, CBQS offers flexibility through the use of credits as a means of earning while learning. Each
course or module is assigned a credit value based on the required learning hours. Participants earn credits
upon successfully completing modules, which can be accumulated toward certificates, diplomas, and
professional qualifications. This system supports lifelong learning and ensures that civil servants can
accumulate competencies at their own pace through online, blended, or in-person learning environments
(Noe, 2010).
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Understanding CBQS in Relation to Competency Baskets, SLQF, and KSAM:

The CBQS system integrates three core frameworks into a cohesive model:

1. Competency Baskets: This defines civil servants' skills, knowledge, and capabilities to excel in their
roles. The competencies are mapped to specific areas of expertise, ensuring that training is relevant to
managerial level and real-world challenges in public administration.

2. Sri Lanka Qualifications Framework (SLQF): The SLQF provides the foundational standards for
CBQS by guiding the qualification levels and ensuring that they align with national standards. SLIDA
uses the SLQF guidelines to determine credit values and progression pathways for civil servants' career
development.

3. KSAM (Knowledge, Skills, Attitude, and Mindset): CBQS is grounded in the KSAM model, which
emphasizes the development of well-rounded civil servants. This model ensures that training
encompasses the knowledge, skills, attitude, and mindset needed to thrive in a dynamic service
environment.

Systematic process of Design and Development of Capacity-Building Programs within CBQS:

The design of SLIDA's capacity-building programs under CBQS adopts a modular and competency-based
approach, ensuring flexibility and continuous professional development. The core modules emphasise
essential knowledge areas and skills necessary for effective public administration, while elective modules
provide opportunities for specialization in diverse fields. This flexibility allows civil servants to tailor their
learning experiences to their career needs and aspirations.

(1). Developing Program QOutcomes: Program outcomes are developed based on the competencies
required for specific managerial levels. Each outcome defines the knowledge, skills, and abilities
participants should demonstrate after completing the training program.

(2). Competency Mapping: Each program and module is mapped to specific competencies within the
competency baskets. This ensures that learning objectives align with the skills required for public sector
roles and that participants can track progress across various career stages.

(3). Integration with SLQF Standards: Modules are designed to meet the SLQF standards.

(4). Learner-Centred Discussions: A critical step in the CBQS process is conducting learner-centred
training needs analysis with the respective group of participants. This ensures that the learning outcomes
are aligned with the competencies required at various managerial levels and meet the specific needs of
individual participants.

(5) Translating Competencies into Learning Activities: Once the competencies are identified, learning
activities are designed to ensure that the competencies are effectively taught and demonstrated. The
learning activities vary based on the managerial level and competency requirements.

Competency Baskets and Development Focus:

CBQS categorizes competencies into three key baskets, each aimed at strengthening specific areas of public
sector governance. These baskets are designed to equip public servants with the required skills to adapt to
emerging public administration and service delivery challenges.
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Table 1- Competency Baskets, Competencies, and KSAM Development Focus in the CBQS System

Competency Basket  ||Competencies Development Focus (KSAM)
Knowledge: Public service knowledge. legal
frameworks
Interpersonal Skills. (Customer Care. Social Skills: Digital tools, communication. Customer
Service Delivery & Networking, Digital Skills, |[care. Regulatory Compliance, social skills, and
Digital Legal Knowledge Customer Engagement & Support

Attitude: Service-oriented. empathetic
Mindset: Adaptability. resilience

The CBQS system is structured around three core competency baskets, each targeting crucial skill sets for
effective public sector performance, from foundational competencies to professional mastery (UNESCO,
2012). These categories ensure that civil servants acquire well-rounded competencies that can be applied
directly to their roles.

Conclusion:

The Credit-Based Qualification System (CBQS) is a transformative approach to public sector training in
Sri Lanka. By integrating the SLQF, KSAM model, and competency baskets, SLIDA ensures that public
sector professionals are equipped with the knowledge, skills, attitude, and mindset required to meet the
dynamic challenges of modern governance. By aligning with SLQF standards, incorporating KSAM
development, and emphasizing practical, real-world competencies, CBQS equips civil servants with the
knowledge, skills, attitude, and mindset required to address contemporary public administration
challenges. With its modular structure, continuous learning pathways, and continuous assessment
mechanisms, CBQS is designed to transform the public sector’s approach to professional development,
making Sri Lanka’s governance systems more adaptive, resilient, and future-ready.
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STWHBHD HTUIMHOWITRT SSTHT] UFHBEnD stamid CrrésshdHar S HmheHoeuaiuied weud SPNILMS E060TLO
HGHBHV 6T@ID BeVHEG cLPeuIPLD B LOTHUBHME0 GHMBHHM, GHLIDLSMET HHEHHD, DILITUISTLOTET ETSFTUICHL
GurpLseler GeueTuTedL HMBHH0 DB B6VEEGHH6N (PO LDM6VE6NT HT[HEH6NT FIHIeVEIG6T eJflHel BB
HIMeVEHET  slTLIBENB  LITHISTHH60 BUTSIB EeVdH@GHSH6T 261 THA|D SFBBIFGHI00 UTSHISTUILTOIS  H(HHH6e0
GameitemiuLBeitengl. I8%h Gumed Gmuwl WegFhHen! uPmIGHe0 siamild CHTEHS S BUIBeNE aUeTEIS6T HIPaBTSH
AIMBUT0 LG ITSHHHSHHS aI6THRIGSM6NL LWLSILIGSHSH SFBBIL60 FTOSLTH alemauled WaFhdHlamul SIS aILDmIH60
6160113 BV GLD QUG IMLOSHSLILIL (BETETSHI.

BlemeoBupTen SIS CHTHE Bevdad 11 Bet S LUTSHSLOTET alenena|Hel FBBIFSHMISE JBLGMMS &MmMBHEH60
yLflenosemer LTSHISTULCHTH CLTH G MISmeND LUTHISTHH0 SHTeupHlansy mmsLD CurLbeyse aailmss HBHHIH60
LB  BLf  (PITOLHHSHMS 2 (HUTEGHe0  Burais  SBBILMD  UTSHISTUUSBSTR  E6e0dEH D6
9 (HoUT&&LILIL (H6IT6T60.

SHTEUHMeV CIBHTLTUTE SLISHHIHBHENT BGIUTBTE ShLISHHIHSH6NT UITLO60 HBHLLSBEHTE UHHH6T e dHDHmiHeMed(HhHal
emd Fmeir, alfiiemnye wmBmid ChiheHmeniTer LOETTHMm6V sIGTLIIBMB 2 (HeuTs G860 CLITEB Bl6uhEH6l

6N TH HTEVHEN6V LOTHMEHAHNTe0 gBUBLD LTHIML GmBSHHEMe0 .61 FOLWTMEH HhHHH0 GCaTeniBeTengl. Sg
BuaGp HL60 LOPEID [HleVlD LOTHFUBHEMED HBHHHEVL SHLV FMIHS LWBMILD HLCe0Ty FBMIF GHLOMEV LITHISTSHSH60 OBBILD
BiTeUdH&H60, HL 60 DIDGVDWIDTE:SH606T HTHDHMBE GHMMBEHH0 FMHS OBMID alenerddmerTer 156y (LPeNBENLOGNU
2 (HouTdhd (WETemw GFuiaugil e, 2 BusHHH Hpewer almhsHdH OFUIgHew Guraip EevdHE&H6Me0 DIFGBD  SHeued
OFISHSLILIL (BHeITeTS).

[Bl6VLD, HETET] @HLD6D LOEWEVH6NT HT(HBET 6TGTLIUBMNB LTHISTHH0 SL60fllmL HBHHH60 DINSSLILLL STBHHm6N L6
2 (HeuTs&60 2 UTfluled LIsbeUmEmLD BIPLILISSHMEN &MBEHSH60 STEUTHISMENLILD l6UEIEHBMETUILD, LITSHISTHSH0 CLT6S
BVEHGHH6T 261 TH HBBTL M6V LITHISTHSH60 BLaUgHmBHen CmosTareniul (b eumaaisear. o soseoralll FaHluied
2 (HeuTdslUL L g.mraler BlameuCuml oialhss) ChTo:smSmen SIGLILIHLWITS eushdHl Ee0miemauied ojemrenouied
SWUTPSaUULL  QFfuUTEISID S FOTETHIONST BTLML 2 (HoauThGw OCHTeTmdsF FLLBHHID SBBIL D6V
LUTSHISTUILSBSTET (H LLJeniSHHaloTe QFBTerendd FUL s SWMfeslILL BeTengl. CFPiLTaIHID S FLOTEISHILOT6T

BILenL 2 (heuTd@GLD CETaTames FL L SHlar SSSWTUILD 8E60 “4amneunrar aHnaLd OsTa@s” 2 (HeurshalILL BelTeng).
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QRGBT BeTUfFevener QFUIH DleuBemB RUEGLBSHBIHM, FFauBHa MeneoBLBl B60sHEHBEHL 6T Q(HEISen6mIHS
Cameienss FLLBHMS 2 (HaUTdHEGHH6e0, OHTHHIL USHMmSU|D, LTFHLUFLSmSILD Senamns@Gd alamsulsomear BensoGLmp
HLEISMT HUMTHEH DI(POLUBSHHIH0 LOBBID OSSN UTDHMBSH HIHMSH 2 WTHSBID IBUT6OTET HiTeuUTHD
slLelml  QUEsmLSH0  Curais uGaum  GBSCaTeIBmeT  CaTawih  Sevmemnsuley  AFFLU LS
SWTHSSLILIL BeTeng.

aleugmuid, elevmld Gouenmewieno WBMID LUITEF OFLIMBHEHSHITON HevHmep HameoGUBTE LWELBHSHSH60 Ll
CamPe0mIL LG ST 2T Wewigfleney L GUUBSHHID CFUIeD H L SHmdH Si(PeoLIBHSH60 aNSTH6T LOBHILD allevumidaeresr
CrwBuThsemmed SIfbel OFevID HWIL6D LBBID 6% GUIRIB SHTEUTRISMETL LITHISTHSH60, SHfd [Hemiber
MSBAILLILL L HeumiseT fuiamBens SenLWTeMILUGHS DeuBens 2 BUSHHSSTES LWaLbGHH0 GuTems 6lguled
FHLLEISHM6T DI(LPeOLIHSHHIOUSHET 291L_TH BHlevdHmd alenarshSHBeanTas LIWELHSHHMme0 BFFL L S0 LIFsHTen CaTeTensumsd
OFTeT(HoTETS).

BLa Bemer LeTe_BLISEH QFUISH0 CFUWIe0 HL L HH6 2L _TE HH6| (PHTMLDHSHINSHMS aleneusHBeTHEHH60, SHTBHM6T
2 _(HUTHGBIL 6T, LIFMFH FnehJ, hBJH STHH6T eleugmids STHE6T CUTRIBaIBMB 2 (HEUTHEGMSHT 2L TH6 LD
6T6WTEGUTL T GUETTLILITEOUEDEITEDU!  (HDMHH60 6L THAD STLUET DIBM  BHTLML 2 (HaUThGHHe0, Hleneowmer b
(PHTOSHHAHMS alhHdH CFUISH0 LOBEID FBBIFEHLO0 H6V6T HEOTFT] HHLD6UHEM6T DQLILIML WTE ClEBTwIL SID
QUTHENMTHTTHMS  MOWILILIGSHHWSHIOTET  SHHBBTLMEOUID, 2 UTTL  LIsDEUMSBMOMWILILD LITHISTHH0 SLdlLamens
BFFLaLD OFH6MeuTs CHTEmIL eMLOHBIGTETSH.

GogIld &L 60 aU6ITLD, BUIBENS 6U6TLD 6TLHEOLOWILDTET HBTLD SESWIeuBem®B FBLILITS LFTOFLILISIL 6T, HBBTL 60 H60alenLILLD
RQUHGLGHSHIUDHE 261 75  SBBTLm60  HenevGUEl  SHETMOUETNSTE 2 (HUTHEHEITD  elaald BFFL L &HH60
GSBILILLILL BeTengl. SeuBenpll LwWeLBSHS BeneoGUpBTer SHBBILMD o (HuTdGadHBE Bevmmd SFa LeoGeump
SHSHHIL_LEISm6NT HL OB 6UQaIMLDSHH DI(LPeOLIBHHS a(HB GBS

DIRITBTAIOST(H HHHHL L OTEC6 HHIHBHMET HTUIGUTD 6Teild SHHHL LD SUTFSSILULH g Siewienioueo
SIMEFFTmeUUTETT DBEETMHMBWID CLBDBIETENSH. “sRimssmer HT06UTD” HHHH LSIHET S SIDUS SLL LTS
Q6UCEUT(H OTHTMISHIMESID @ICUTH SRIMBOUIET 9 BHIMmBH6T (FHfle] CFUILINIULG DieDeudSeT Wmalbd DiTalhHes
CawiwiuLelmadlaper. GedTsTaNIHHM saref sRMHWO, LDHHU! OTHTEIHB0 VHTaN SEMBWO O\FH6ITLOTST6N S H6e0
UMD HRMBEWO FLITH(LPa! LOTHTEHH6D SERSRIMBEWD eI LOTEHTEIHH0 QUald sRMBEWO, 6L GL6d DTHTERIHH60,
9HM SWINO HPSHHe0 HORWIAD, L LDSHHUTD VAAGHH WD, AL SHHD SEGITWET HMO FBSTEHLTS CHFley
Ceuwtul (Beemer. @SHL LD OFHTLIUTET SPfeBISHe0 Wrajd 2021 &BOBIBHUD cpsod  GeueMui Ll (BeTensTs
FHHGaTemTLoem6V LOTEUL L (HRISlenemILILId @ (S dnl L SHlair L BL DOLMB “sHRmesamer 106UT0” H(HHSIL L LD LBl
SIB(pS Bahalsd GBILLILILLL &I BSHPHL L SHH6 S1D SlenoFFbEenL uleomer @ LoTell L @(HRISmenTLIL] G (LD BMBID
LIyMh AW @(HEISleneTLILIS & (DS H6T 2 (HeuTHSLILIL (B DibEG(DHHEHHE alenshalD DieMobHLILIL BeTerngi.
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UBIGLIBBISMIL 63T HeL QUMD sTeralbd Ogflellsaliul L gl
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Abstract

The definition of Sustainable development is the idea that human societies must live and meet their needs without compromising
the ability of future generations to meet their own needs. This paper intends to research the ways in which resources waste in
construction projects, not only in physical resources but also in human resources. Type of waste, magnitude, its causes, and the
ways of minimizing the waste. This paper is going to discuss the waste of materials in projects due to poor management. We
commonly identify a lot of material waste in construction sites due to poor construction management. By having a deep analysis,
a lot of waste inside the projects can be identified without showing that they are waste. Those are very much larger than the waste
we have physically seen on the site. This paper is going to discuss the waste hidden in the projects. The main attention is given
to the pre-contract period rather than post contract period because with proper pre-contract management and proper
identification of user needs we can reduce unnecessary spaces, land, materials, and natural environment. This paper is going to
explore the hidden waste in construction projects and how we can overcome these losses of materials by proper use of qualified
professionals and managing them in the preliminary design stage of the project and saving natural resources for future

generations.

Keywords: Sustainable development, pre-contract period, post-contract period, preliminary.

1. Introduction

There are a lot of research
papers written on material waste
and human resource wastage in
construction projects. Ganesan,
(2000) stated that materials
account for the largest input into
construction activities, in the
range of 50% to 60% of the total
cost. In addition, a wide range of
materials are used in the
construction industry and it
consumes 25% of virgin wood
and 40% of raw stone, gravel,
and sand used globally each
year (Hobbs, 2000).

In Sri Lanka, concrete and
mortar showed 20% and 25% of
wastage respectively due to the
excess use of materials in
rectification of inaccuracies.
(Jayawardana,1994). Waste of
materials in construction to a
certain extent is unavoidable.
Therefore, any action taken to
prevent the “unavoidable”

portion would create
another waste in terms of money
or resources (Raufdeen, 2004).

The emergence of new
technologies and practices in
both waste disposal and
recovery, and the rising tide of
public awareness are all
conspiring to change the face of
waste management.

The opportunities and
responsibilities to minimize
construction waste rest with
clients, contractors, suppliers,
and designers
(architects/engineers).

This paper intends to discuss not
only these measurable wastes,
but also discuss waste hidden in
projects without showing that
they are waste.

There is a lot of waste created

before commencing the
construction.
SO

Most of them are in the design
stage and in the hand of
professionals and
clients’ organizations .

Emerging sustainable building
practices offer an opportunity to
create environmentally sound
and resource-efficient buildings
by wusing an environmental
friendly approach in design.
Minimization of construction
waste can occur at various levels
along the supply chain, the
opportunities and responsibili-
ties to minimize construction
waste lie with clients, designers,
contractors, and  suppliers.
Reducing physical waste could
be achieved by redirecting the
focus to the design stage of proj-
ects so that there will be no
onsite waste to manage. The aim
of the paper is to examine the
potential for construction waste
reduction through design.
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2. Methodology

The study of concealed
construction waste is a new
approach to looking at material
wastage in construction. There
are a lot of researchers who
found material waste in
construction. (Raufdeen, 2004;
Jayawardana, 1992 &
Jayawardana, 1994). These
studies have explained the
percentage of waste that is
commonly used materials in Sri
Lanka and how it happened in
different stages of construction
projects.

Scope of the Study

When reviewing research papers
about construction waste, it is
very rare to find research papers
on the subject of concealed
construction waste. Therefore,
this study has mainly focused on
construction waste before the
commencement of construction
and the ways of minimizing
them.

The study focuses on several
groups who initiate the project,
implementation agencies,
professionals, and the users or
beneficiaries. In a study of
construction waste, material
waste, labour, and plant are the
main elements to be considered.
But this study is forecasting on
the mass scale of wastage during
the design stage.

Type of construction waste

According to the literature apart
from the basic material wastage
in construction, it is estimated
that 30% of the total weight of
building materials creates waste
as a cleanup of the site.

Packaging, which includes all
plastic ~ wrappings,  plastic
bubble wrap, and cardboard,
was another major contributor to
waste generation. (Raufdeen,
2004).

Origins of construction waste

There are a variety of different
approaches to the classifications

of the main origins of
construction waste. It has
classified sources of

construction waste according to
the nature and technology of
using materials in building
products such as concrete,
bricks, and wood construction
waste can also be categorized
according to design, operational,

material handling, and
procurement sources. A
substantial amount of

construction waste is closely
related to design errors. Design
changes during construction and
the lack of information on the
drawings are the  most
significant contributors to waste
generation. Other design-related
waste causes include the
complexity of detailing, the
selection of low-quality
materials, and lack of familiarity
with alternative products The
highest ‘operational’  waste
contributors are damages to
subsequent works, errors by
tradesmen and improper
planning, while inappropriate
storage facilities at the site and
lose forms of material supply to
the site were the major waste

generation actors due to
‘material handling’.

‘Procurement’ wastage  was
mainly  related to  the

over-ordering  of  building
materials. Waste can also occur
during the design stage due to
errors in contract clauses or
incomplete contract documents.

When considering the
pre-construction stage, waste is
generated during the design
process for a number of reasons:
‘building complexity’, through
the emergence of a variety of
design approaches and
responsibilities within the same
project leading to design
changes; ‘co-ordination’ and
‘communications’ problems due
to the multi-disciplinary nature
of design projects where the
information that passes to
contractors is highly variable
and open to misinterpretation
contributing inevitably to waste
generation. Therefore, there is a
need to understand the
underlying causes of design
waste; change processes and
practices; and adopt a holistic
approach to building design.

The wastage during the design
stage

The design variations and
changes can lead to considerable
amounts of design-generated
waste by variations, it is
frequently changing the type or
quantity of the building
materials required. The
standardization of design as a
construction method to improve

buildability and reduce the
number of offcuts. Hobbs
(2000) argued that
standardization and

prefabrication of both building
layouts and components result
in less waste. Further, the waste
can be reduced in a number of
ways by specifying the use of
efficient framing techniques,
standard size supplies,
prefabricated materials, and the
incorporation of green building
materials into the design.
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The building designer needs to
have a voluntary approach
towards waste minimization
promotion and education, in
particular bringing the
associated financial benefits to
the attention of the client. The
flow of information and
dissemination of best practices
to reduce design waste will
require investment and publicity
in technology and education to
reshape societal attitudes to
waste disposal. This will involve
partnerships  between  the
national  government, local
authorities, industry, the media,
and community organizations.

Conclusion

The current thinking of waste
minimization  practices  is
heavily focused on the physical
minimization of construction
waste and the identification of
site waste streams. Tools,
models, and techniques have
been developed to help handle
and better manage onsite waste
generation While these tools
facilitate auditing, assessment,
and benchmarking, a waste
source evaluation approach does
not offer long-term benefits, as
it fails to address the causative
issues of waste production
In the design stage, it's
considered the user requirement
in order to implement the
project. The user or the project
implementing agency may be,

1. Political authority in National
projects

1. Government organizations
and their higher officials for
government projects.

1i1. Private organizations and
individual clients

In construction projects, we use
a higher amount of natural
resources. Out of them, we
waste a huge amount of
resources as  waste.  As
mentioned earlier we have done
a lot of research to find out the
type of waste, when it generates,
how it generates, and ways and
means of mitigating this waste.
When considering  building
projects, we can always find out
unnecessary spaces,
underutilized spaces, and space
reserved for future
requirements, etc. We build this
space with our scarce resources
without considering that they
are waste. A simple example is
the construction of personalized
residences. Most of the clients
need their houses to build not
only for their families but also
for their future generations. But
they are very rarely using its
space.

Considering government
construction projects most of
them are only for fulfilling the
political wish. They do not
follow the national plan which is
repaired for up to 2050
considering all factors and
contributing all professionals in
all key sectors. They have set
goals and targets to achieve the
development of the country
accordingly  to  prevailing
government policy. Although
this document was repaired by
multi-disciplinary professionals
from all major agencies of the
country and approved by the
panel chaired by the His
Excellency President. But some
politicians override professional
advice and guidance. Therefore,
unnecessary projects implement
by using government funds and
resources.

Sometimes professionals also
tend to support these decisions
to gain their personal benefits
rather than thinking of future
generations.

In small-scale projects, people
are reluctant to consult an
Architect or Engineer for their
projects. The result is a waste of
space, material, and money. In
small-scale projects, they do not
get a structural design, the
mason will do the job with
large-scale wastage of materials.
This is also a huge loss of
materials considering the whole
of the country.

There is another type of waste in
the construction Industry. That
is intangible. The human
workforce is also affected by the
built  environment.  Better
working environments enhance
working  efficiency.  With
limited rescores creative
professionals will create a sound
livable working environment
and enhance the efficiency of
the workforce by using different
materials, colours, and volumes.
Making a good built
environment results in a healthy
population and they can work
efficiently, children can learn
effectively, and  dissection
makers can get correct decisions
because they are relaxing
mentally and physically.
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Therefore, we can minimize waste in the pre-construction stage of government construction projects by

1. Evaluating the environmental impacts of construction and the triple bottom line (environmental,
financial, and social) benefits of reducing these impacts.

i1. Spending sufficient time on design. A detailed brief and comprehensive design detailing will minimize
waste through the construction of buildings that meet the client's needs and by eliminating or
substantially reducing the potential for unnecessary variation.

ii1. Giving priority to Repair and refurbishment without demolition and reconstruction
1v. Designing the building to be flexible for future uses.

v. Keeping the design simple so that it will be easier to build and hence less likely to have things go
wrong during construction. Simple designs also tend to require less maintenance.

vi. Designing the building so that it can be easily adapted for other uses over time. Consider how the
building will be used in 10, 20, or even 30 years’ time. Ensure spaces are flexible (to allow for changes
in usage) and future-proofed against advances in technology and trends.

vil. Selecting dimensions to suit standard modular construction sizes so that the floor, ceiling, and wall
surfaces conform to the size of sheet materials, which will reduce unusable off-cuts and make the
most efficient use of materials.

viil. Preparing accurate drawings - clear, comprehensive, accurate documentation will reduce the
likelihood of design variations.

ix. Providing detailed drawings and instructions to contractors to minimize mistakes, rework, and
temporary works.

x. Documenting the design, including the location of all services, keeping records of the as-built design,
and leaving it with the building's owners or occupiers. This will ensure that alterations, maintenance,
and deconstruction are easier and less wasteful with the implementation of these factors.

The pre-construction stage is in the hands of professionals. Therefore, it's their duty to design the projects
considering the factors to use minimum resources for their construction projects. Then it will our scarce
resources for future generations and be able to achieve sustainable development goals.
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Two Dimensional Treatment Planning of Breasts
Using Locally Made Breast Caliper
Measurement

Samantha Weerathunga Arachchi
Medical Physicist, Teaching Hospital,
Anuradhapura.

Abstract

Breast cancer has been the leading cancer in the world since 1950s and now it is spreading widely in the world as the most
common cancer in females. This disease is treated mainly with surgery, chemotherapy, radiotherapy and also with hormone
therapy. In radiation therapy still more than 90% of the breast cancers are treated by two dimensional manual planning method
using Co-60 radiotherapy in cancer centers in Sri Lanka due to heavy load of breast patients due to cancer incidence data 201 1.
Now megavoltage Linear Accelerator machines are used to treat a very small number of breast cancer patients allowing for
more accurate protection of risk organs using three dimensional treatment planning systems.

In most of the cancer centers in Sri Lanka two dimensional manual planning method is used to treat breast cancer patients. In
Teaching Hospital Anuradhapura, more than 350 breast cancer patients per year have been treated by two dimensional manual
planning method using Co-60 radiotherapy. There are two methods to get breast measurements for two dimensional treatment
planning. Those are using a lead wire or using a plaster of Paris strip in the centre line of the breast treatment field which is
prone to more human errors. Therefore, in this work a locally made simple breast caliper is introduced to get breast measure-
ments very easily, quickly and accurately than the two methods mentioned above in supine or in prone position. The strip method
can be used to get measurements at the supine position and so far no any instrument to get accurate readings of breast measure-
ments in prone position. Specifically, the proposed caliper can be used more effectively when the patient is treated in prone
position for pendulum like breasts. The general method of the calculation for the treatment time was used in this report

1. Introduction

The basic building block of the human body is the cell. All organs of the body such as the brain, heart, lung,
intestine, pancreas or liver are formed from millions of cells. Normal cells grow, divide and die in an
orderly fashion and most of the growth usually occurs in the early part of childhood. In a mature adult, cells
in most part of the body divide to form new cells only to replace worn out or dying cells or to repair injury
to the tissues.

Genes in our body called Deoxyribonucleic Acid (DNA) regulate the growth of normal cells in the body.
In every cell there are genes that stimulate growth of the cell and genes that stop its growth. In normal cells
there is a balance in the growth genes and genes that stop growth and therefore uncontrolled growth of the
cells is prevented.

When the normal mechanisms for regulating growth of cells in our body are disturbed, then cells begin to
grow in an uncontrolled fashion. This situation arises when the genes that regulate growth of normal cells
are damaged giving rise to abnormal genes with disturbed functions. Cancer cells develop because of
damage to the DNA. This damage to the DNA leads to loss of genes that stop growth and activate genes
that stimulate growth.

A cancer develops when normal cells in the body begin to develop an abnormal growth pattern. Cancer
cells are different from normal cells. In cancer cells, the genes that control growth are abnormal, causing
uncontrolled growth of the cells. The uncontrolled rapid growth of cancer cells leads to the formation of
cancerous tumor.

Cancer cells often detach from their primary site and travel to other parts of the body where they begin to
grow new tumor deposits. This process is called metastasis that occurs when cancer cells invade the blood
stream or the lymph nodes. For example, a cancer of the pancreas may give rise to cells that travel in the
blood and go to the liver and develop metastatic tumors in the liver.
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Cancers can be grouped according to the type of cell they start in. There are 5 main categories of cancer
that exist in the human body. Those categories of cancers are called mainly as follows.

« Carcinoma - cancer that begins in the skin or in tissues that line or cover internal organs.

There are a number of subtypes, including adenocarcinoma, basal cell

carcinoma, squamous

cell carcinoma, and transitional cell carcinoma

- Sarcoma - cancer that begins in the connective or supportive tissues such as bone, cartilage,

fat, muscle, or blood vessels

 Leukaemia — cancer that starts in blood forming tissue such as the bone marrow and causes

large numbers of abnormal blood cells to be produced and go into the blood

- Lymphoma and myeloma - cancers that begin in the cells of the immune system

- Brain and spinal cord cancers — these are known as central nervous system cancers

Cancers can also be classified according to where they start in the body, such as breast cancer or lung

cancer.
1.1 What is breast cancer?
Breast cancer is the most

common malignancy in women
between 40 and 60 years. Every
year about 1 million new cases
of breast cancers are detected
worldwide. According to the
data of Department of Census
and Statistics, Sri Lanka, 20,450
new cancer patients visited to
the hospitals in 2009, 25 percent
of female patients had cancer
[1]. According to the Annual
Health Bulletin 2014, cancer
was reported as the second
leading cause of death [2].

1. Chest wall. 2. Pectoralis muscles. 3. Lobules
(glands that make milk). 4. Nipple surface. 5.
Areola. 6. Lactiferous duct tube that carries milk to
the nipple. 7. Fatty tissue. 8. Skin
Figure 1.1 The anatomy of a female breast

Figure 1.1 shows the anatomy of
a female breast. A mature
human female's breast consists
of fat, connective tissue and
thousands of lobules - tiny
glands that produce milk. The
milk of a breastfeeding mother
goes through tiny ducts (tubes)
and is delivered through the
nipple. The breast, like any other
part of the body, consists of
billions of microscopic cells.

These cells multiply in an
orderly fashion - new cells are
made to replace the ones that
died. In cancer, the cells
multiply uncontrollably, leading
to an excessive number of cells,
which continue to increase
progressively.  Cancer  that
begins in the lactiferous duct
(milk duct), known as ductal
carcinoma, is the most common
type. Cancer that begins in the
lobules is known as lobular
carcinoma which is much less
common from ductal
carcinoma. [3, 4].

1.2 How Breast Cancer
Spreads

Breast cancer can spread
through the lymph system as
shown in Figure 1.2. The lymph
system includes lymph nodes,
lymph vessels and lymph fluid
found throughout the body.
Lymph nodes are small,
bean-shaped  collections  of
immune system cells that are
connected by lymph (or
lymphatic)  vessels. Lymph
vessels are like small veins,
except that they carry a clear
fluid called lymph (instead of
blood) away from the breast.
Lymph contains tissue fluid and
waste products, as well as
immune system cells. Breast
cancer cells can enter lymph
vessels and begin to grow in
lymph nodes [3, 4].

|
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Most of the lymph vessels of the breast drain into:

+ Lymph nodes under the arm (axillary nodes).

« Lymph nodes around the collar bone (supraclavicular and infraclavicular lymph nodes)

« Lymph nodes inside the chest near the breast bone (internal mammary lymph nodes)

If cancer cells have spread to lymph nodes, there is a higher chance that the cells could have spread
(metastasized) to other sites in the body. The more lymph nodes with breast cancer cells, the more likely it
is that the cancer may be found in other organs as well. Because of this, finding cancer in one or more lymph
nodes often affects the treatment plan. Usually, surgery to remove one or more lymph nodes will be needed
to know whether the cancer has spread there. Still, not all women with cancer cells in their lymph nodes
develop metastases, and some women can have no cancer cells in their lymph nodes and later develop

metastases [3,4].

1.3 Invasive and non-invasive
breast cancer

Breast cancer can be divided
into two categories: as invasive
and non-invasive cancers, based
on how cancer cells spread in
the body.

1.3.1 Invasive breast cancer
The cancer cells break out from
inside the lobules or ducts and
invade nearby tissue. With this
type of cancer, the abnormal
cells can reach the lymph nodes,
and eventually make their way
to other organs (metastasis),
such as the bones, liver or lungs.
The abnormal (cancer) cells can
travel through the bloodstream
or the lymphatic system to other
parts of the body; either early in
the disease, or later.

1.3.2 Non-invasive breast
cancer

This is when the cancer is still
inside its place of origin and has
not broken out. Lobular
carcinoma in situ is when the
cancer is still inside the lobules,
while ductal carcinoma in situ is
when they are still inside the
milk ducts. "In situ" means "in
its original place". Sometimes,
this type of breast cancer is
called

"pre-cancerous". This means
that although the abnormal cells
have not spread outside their

place of origin, they can
eventually develop into invasive
breast cancer [4].

1.4 Breast Cancer treatments

There are different techniques
used to treat breast cancer
patients with correct medical
treatments. Mostly  these
techniques depend on the stage
of the breast cancer. Among the
main cancer treatment methods,
radiation therapy is widely used.

1.5 Radiation Therapy
(radiotherapy)

Controlled doses of radiation
target the tumor to destroy

cancer cells. Usually,
radiotherapy is used after
surgery, as well as

chemotherapy to kill off any
cancer cells that may still be
around. Typically, radiation
therapy occurs about one month
after surgery or chemotherapy.
Each session lasts
minutes; the patient may require
three to five sessions per week
for three to six

The type of breast cancer a
woman has will determine the
type of radiation therapy she
may need. In some cases,
radiotherapy is not needed.

1.6 Radiotherapy of Breast
Cancer

Radiotherapy plays an essential
and critical role in the
management of breast cancer. It
is given for primary carcinoma
of the breast to reduce the risk of
loco-regional recurrence, and
has been shown in many studies
to improve survival rates in
patients after mastectomy [5].

Radiation to the breast is often
given after breast-conserving
surgery to help lower the chance
that the cancer will come back in
the breast or nearby lymph
nodes [6]. Clinical width of the
barest tumour (T) is defined as
T1 (20 mm) or T2 (>20-50 mm).
For patients with no lesions,
breast-conserving surgery
followed by radiation therapy to
the intact breast is the most

i SIOL))]

a few widely  acceptable standard
treatment for the early stage
breast cancer [5, 6].
weeks.
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Radiation = may also be
recommended after mastectomy
in patients at high risk with
cancer larger than 5 cm,
high-grade malignancy, skin or
axillary node involvement,
incomplete excision, or a
tumour close to the excision
margin [5]. Breast cancer with
red, swollen, and painful
overlying skin is classified of
T4d and treated with primary
chemotherapy and radiotherapy
[5]. Primary lymphoma of the
breast is commonly high grade
and also treated by primary
chemotherapy followed by local
radiotherapy  [6].  Palliative
radiotherapy plays an important
role in breast cancer patients
with metastatic in sites such as
bone, brain and skin [5].

1.7 Treatment planning

All radiation fields should be
treated with the patient
positioned 1identically to the
simulation. = The  treatment
technique may be adjusted
based on the capabilities of the
treatment planning software and
machine, such as Image Guided
Radiation Therapy (IGRT),
Intensity- Modulated Radiation
Therapy (IMRT),
Three-Dimensional Conformal
Radiation Therapy (3DCRT) or

Two-Dimensional ~ Radiation
Therapy (2DRT). In 2D
conventional radiotherapy,

opposing medial and lateral
tangential half beam fields with
wedges are used for the breast
treatment plan to prepare a
homogeneous dose distribution
[6]. A half beam block is used to
minimize the lung and heart
exposure in both beams while
wedges serve as missing tissue
compensators.

The beam arrangement of a 2D
treatment plan used for breast
radiotherapy is shown in Figure
1.6. below. The International
Commission on Radiation Units
and Measurements (ICRU) has
recommended that the delivered
dose remain within -5% and
+7% of the prescribed dose to
stay be within the optimal
treatment window [7].

Figure 1.6 Schematic diagrams of beam
arrangement for breast radiotherapy treatment
with half beam fields and wedges

1.7.1 2D Treatment planning
of breasts

2D treatment planning of breasts
is mostly done by manually in
cancer centers in Sri Lanka
using a 2 dimensionally drawn
breast contour on a paper
usually by POP strip or lead
wire method, as described in
sections 2.1 and  2.2.
Radiotherapy  treatment is
planned using two-thirds of the
breast width (h) as a standard
depth as described in 2.3. At this
depth, it has been observed that
the dose distribution in a
manually planned breast is
almost same as in software
based planning. Additionally,
this  approach ensures a
satisfactory dose distribution to
the breast while minimizing
radiation exposure to the lungs
and heart.

|

The measurement method,
explained in detail in Section 2.3
has been practically
implemented in all cancer
treatment centers in Sri Lanka.
This manual method is applied
for all manually treated breasts.

1.7.2 Calculation of
Treatment Time

A monitor unit measures
ionization occurrin
g in the treatment beam within
the treatment head. One monitor
unit 1is typically equal to a
specific dose of radiation, at a

specific depth in a water
phantom, for a beam of
particular energy, with a

particular field size and at a
certain distance from the target.
Monitor units are used to
measure the output of the
machine to ensure accurate dose
delivery. In teletherapy
machines, treatment time is used
instead of monitor units. The
treatment time is based on
similar measurements to
monitor units, but uses the
known output of the radioactive
source to calculate the time
required to leave the source in
the ‘on’ position.

For the fixed SAD technique the
monitor units or treatment time
is calculated using the following
formula [8],

Treatment time or MU = Daily
Dose (cGy) / ( OF (cGymin-1) ii
TPR it WF ii no. of beams)

For the fixed SSD technique the
monitor units or treatment time
is calculated using the following
formula [8],

Treatment time or MU = Daily
Dose (cGy) / ( BSF it (OF
(cGymin-1) ii PDD it WF i no. of
beams)

I SIOL))]
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2. BREAST MEASUREMENTS AND TREATMENT PLANNING

2.1 Breast measurements by caliper method

In this study, breast measurement using the caliper method is introduced and a locally made caliper is used
to obtain the breast measurements of a patient in the supine position. This caliper is also very useful has
taking breast measurements when the patient is treated in prone the position. This is a significant advantage
compared to the other two methods mentioned above. In above methods, the patient must always be in the
supine position on the bed to take breast measurements for 2D treatment planning. If the patient is treated
in prone position for intact breasts, 2D measurements of breast contouring are entirely different from those
in the supine position. In such cases, only this caliper can be used to take 2D measurements of the breast in
prone position.

2.2 Details of the caliper

When a patient in the supine position on the treatment bed for breast measurements, the caliper can be
positioned with its jaws on the breast wall, as shown in Figure 2.5. In this caliper all these jaws (1,2,3,4 and
5) as shown in Figure 2.3, can be moved along the ruler and perpendicular to it. The main caliper jaws (1
and 5), as shown in Figure 2.3, are put in medial and lateral lines with same height (at P and Q) and next
middle jaw (3), as shown in Figure 2.3, can be positioned in the middle of the main jaws (at C) or at the
maximum width (1) of the breast as shown in Figure 2.4. The additional measurements needed for dose
calculation taken using the small caliper jaws (2 and 4) as shown in Figure 2.3, can be obtained when those
arms touch the breast wall (at D and E) after setting their height (h + h/3) or 2/3 of breast height as a
standard value in all cancer centers in Sri Lanka. Already the 2D shape of the breast is determine by
positioning these small jaws on the breast wall. The average percentage depth dose (pdd) require for time
calculation can be read using the PDD values from the PDD chart (Table 3.1) at distances d1+a/3 (at A) and
d2+b/3 (at B) which are, directly taken from the caliper. Here, the distances of a/3 and b/3 are added to the
measured distances of d1 and d2 to compensate the tissue-air inhomogeneity correction in both sides of the
breast.

Figure 2.4 Breast measurements

Figure 2.5 Caliper measurements
Here; dl +a=d2+b

in a breast

Figure 2.3 Caliper jaws and Caliper

2.3 Breast radiation treatment manual planning

The breast contour (PCQ) line measurements at P, D, C, E, and Q can be drawn on a paper sheet by using
the caliper as shown in Figure 2.6.

Figure 2.6 Caliper jaw positions Figure 2.7 Caliper jaws on
breast wall of a patient

‘When caliper jaws are at P, D, C, E and Q, the distances AO and BO can be calculated. When we select the O as the origin the PDD value at
normalization point, O can be calculated using the PDD chart as shown in Table 3.1.

L 4 DEdM ¢



3. TREATMENT TIME CALCULATION

For the treatment time calculation of a breast for 2D manual planning, fixed SSD technique is used and
the treatment time is given by [8],

Treatment time = Daily Dose (cGy) / { BSF x OF (¢cGymin') x PDD x WF x no. of beams}

Where BSF - Back Scatter Factor

OF - Output Factor or Output dose

PDD - Percentage Depth Dose

WF - Wedge Factor
Since BSF is simply the tissue-air ratio at the depth of 0.5 cm or maximum dose on central axis of the beam,
BSF values can be taken from the TAR chart as given in Table 3.2. Output factor or the output dose is the
teletherapy machine factor. The PDD describes the dose rate at different depths within a target for an equal
source-surface distance and the PDD value can be taken from the PDD chart [8] as given in Table 3.1.

Table 3.1 PDD chart [8]

FS/Depth | 5x5 | 6x6 | 7x7 | 8x8 | 9x9 10x10 | 11x11 | 12x12 | 13x13 | 14x14 | 15x15
0.5| 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100
1|197.5|197.7|97.8|97.9 98 98.1 98.2 98.2 98.2 98.3 98.3
21921926 931932 934 93.7 93.8 93.9 94 94 94.1
3]86.3 87 | 87.6 88 | 88.4 88.7 88.9 89.1 89.2 89.4 89.5
4180.7|816|823|828 | 83.2 83.7 84 84.3 84.5 84.7 84.9
51752762 |(77.1|77.8| 78.3 78.8 79.2 79.5 79.8 80 80.3
6|69.7 708|719 | 726 | 73.3 73.9 74.4 74.9 75.2 75.6 75.9
7| 64.7 66 67 67.9 | 68.6 69.3 69.8 70.3 70.7 71.1 71.5
8|59.9)61.2]623]63.2 64 64.7 65.3 65.8 66.2 66.7 67.1
9|555|56.8|579|588| 59.7 60.5 61.1 61.7 62.1 62.6 63
10 | 51.2 | 52.5 | 53.8 | 54.8 | 55.7 56.4 57.1 57.7 58.2 58.7 59.2
11 47.4 | 48.7 |1 49.8 | 50.7 | 51.6 52.5 53.8 53.8 54.3 54.8 55.3
12 | 43.8 45 | 46.2 | 47.2 | 48.1 48.9 49.6 50.3 50.8 51.4 51.9

Table 3.2 Back Scatter Factor chart [19]
FS/Depth | 5x5 6x6 7x7 8x8 9x9 | 10x10 | 11x11 | 12x12 | 13x13 | 14x14
0.5 1.036 | 1.04 | 1.043 | 1.048 | 1.052 | 1.054 | 1.057 1.06 1.063 | 1.065
15x15 16x16 | 17x17 | 18x18 | 19x19 | 20x20 | 21X21 | 22X22 | 23X23 | 24X24 | 25X25

1.068 1.07 | 1.072 | 1.074 | 1.076 | 1.078 | 1.079 | 1.081 | 1.082 | 1.084 | 1.085

3.1 Treatment time calculation by 2D manual planning
The breast measurements of the patient registration number 589/16, registered at the Cancer clinic,

Teaching Hospital, Anuradhapura was taken using the caliper and treatment time calculation was done as
described below. This patient was given 40 Gy in 15 daily fractions of 2.67 Gy in 3 weeks.

Figure 3.1 Breast measurements taken by caliper
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From the contour of the patient body, the breast height FC (h), based on caliper measurements = 3.0 cm.

Therefore, the breast field height is =3.0 x 2 + 1 cm = 7 cm (an additional 1cm in wedge side height is
added from the skin to ensure a satisfactory dose distribution)

The breast width along the body PQ, from caliper measurements = 17 cm

Therefore for the above field 17 x 7W, Equivalent Field Size (E.F.S) =2(17x7/2)=5.8 cm
(17+7/2)

For above E.F.S, the Back Scatter Factor (B.S.F) = 0.8 x (1.04 - 1.036) + 1.036 = 1.039 For 300
Wedge No.15 (15Wx20), Output dose rate of Co-60 source on 24/1/2017 with
Half Beam Block = 157.86 cGy/min

For 1/3 depth, distances by caliper measurements after corrections, AO = BO = 7.9cm
PDD % value at normalization point, O from PDD chart =
{[(62.3-67) x 0.9+67] - [(61.2-66) x 0.9+66]} x 0.5 + [(61.2-66) x 0.9+66]
=62.22%
Treatment time = Daily dose / (B.S.F. x Output dose rate with HBB x PDD value x
No. of beams)
=(266.67)/(1.039 x 157.86 x 62.22% x 2) = 1.30 min

Therefore, the treatment time for the patient No. 589/16 for two lateral oblique fields by manual planning
is 2.60 minutes.

As described early, Treatment time T is given by,
T = Daily dose / (B.S.F. x Output dose rate with HBB x PDD value x No. of beams)

PDD values for the depths 6.62 cm and 6.88 in the planning sheet (Figure 3.3) are correspondently
67.58% and 66.32%. Then Average Treatment time, T

T = (266.67) min / (1.039 x 157.86 x 66.95% x 2) = 1.21 min

Therefore, the treatment time for the patient No. 589/16 for two lateral oblique fields by Prowess Panther
planning system is 2.42 minutes. It is possible to observe that the treatment times in both 2D manual
planning and Prowess Panther planning are roughly equal. The error calculation for the distance range from
5.0 cm to 10.0 cm is the same as in Table 3.2 above.
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4. RESULTS AND DISCUSSION

The 2D contouring measurement of breasts of patients in the supine position using the breast caliper is
much easier and quicker than the Lead or POP wire strip methods. Also the caliper method is much more
accurate than the traditional method. The treatment time can be calculated due to the dose protocol as
described in the calculation. The calculation of treatment time of 1.30 minutes for two oblique lateral beams
was done in SSD technique and the treatment times in 2D manual planning and Prowess Panther v 4.72
computer planning are roughly equal. The percentage depth dose and back scatter factor values were
calculated using the standard PDD chart and TAR chart. Specially when the patient in the supine position,
setting up the caliper is easy, and measurements can be taken directly in a short time.

When the patient is in the prone position, 2D contouring is not possible with general methods as the breasts
are hanging down. Then the only option we have is to use a breast caliper in the upward position, as
described earlier. This paper also suggests, using the caliper to take breast measurements in order to
determine the treatment time for breast patients with minimum exposure. When the patient has pendulous
or large intact breasts, they cannot be positioned in the supine position on the couch due to sagging of the
breast to the lateral sides. Then the Lead or POP strip cannot be pasted to breast with better contacts with
the skin to get breast measurements due to sagging of breasts to lateral sides (Figure 4.1).

Therefore, it is better to treat the breast patient in the prone position to
minimize measuring errors, to reduce lung and heart doses than the supine
position and the designed caliper can be used to obtain breast
measurements very accurately in both the supine or prone positions.

Figure 4.1 A Sagging breast

4. RESULTS AND DISCUSSION

The caliper designed in this work is much easier and more accurate for taking breast measurements for
treatment time calculations of 2D RT treatments compared to the normal lead wire or POP strip method.
The normal methods are time consuming and prove to volumetric measurement errors. This caliper can be
used successfully when the patient is in the supine position and this caliper is especially useful if the breast
patient is treated in the prone position, where breasts hang down or pendulous, on the treatment couch.
In breast radiotherapy treatments, it has been found that when the patient is treated in the prone position,
the lung and heart doses can be reduced by more than 15% compared to the supine position treatments.
When the patient is in the prone position, the 2D contouring possible with traditional methods as breasts are
hang down. The only option available is to use a breast caliper in the upward position, as described earlier.
This paper also suggests taking the breast measurements using this caliper to find treatment time of breast
patients with minimal exposure to the outside. When the patient has pendulous or large intact breasts, they
cannot be positioned in the supine position on the couch due to sagging of the breasts to the lateral sides.
In such cases, the Lead or POP strip cannot be applied to breasts with better contacts with the skin to obtain
breast measurements due to sagging of breasts to the lateral sides. Therefore, if the breast patient is treated
in the prone position to minimize measuring errors and to reduce lung and heart doses.compared to the
supine position, the designed caliper can be used to obtain breast measurements very accurately.
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Inclusive Development and Social Enterprises

In the early stages of development discourse,
economic factors such as per capita income and
gross domestic product (GDP) took center stage as
key indicators. However, the focus was primarily
on income generation, with little consideration
given to the equitable distribution of this income.
Recognizing the need to address this oversight, the
United Nations (UN) introduced the Human
Development Index (HDI), incorporating health
and education indicators alongside economic
measures.

As the concept of development evolved, there was
a growing realization that social and environmental
dimensions were integral to holistic progress. This
led to the introduction of the Millennium
Development Goals (MDGs) at the turn of the 21st
century, aiming to tackle issues beyond economic
measures. Ongoing discussions emphasized the
importance of incorporating factors such as
environmental protection, gender equality, and
inter-generational equity into the development
agenda.

Consequently, the very definition of development
underwent a transformative process, embracing a
more comprehensive approach that integrated
social and environmental considerations. This
redefined perspective culminated in the 2015 UN
summit where world leaders unanimously adopted
the Agenda 2030 for Sustainable Development.
This agenda comprises 17  Sustainable
Development Goals (SDGs), reflecting a paradigm
shift towards achieving a balanced growth
encompassing  social, environmental, and
economic dimensions.
The SDGs represent a global commitment to
fostering a sustainable and inclusive future. They
advocate for a harmonious coexistence between
people and the planet, striving for a world where
individuals can experience peace and prosperity
within  the framework of environmental
stewardship.

Through the Agenda 2030, the international
community aims to steer development towards a
path that ensures the well-being of current and
future generations while safeguarding the planet for
sustainable prosperity.

The global commitment to achieving the
Sustainable Development Goals (SDGs) by 2030
has prompted numerous countries to explore
innovative ways to reshape and enhance their
existing development policies and frameworks.
Among the emerging concepts in the realm of
sustainable development, "inclusive development"
has gained prominence as a transformative
approach.

Inclusive development represents a paradigm shift
in the development landscape, emphasizing the
involvement of all stakeholders, including
marginalized groups, in the development process.
This approach adopts a pro-poor perspective,
strategically addressing the challenges faced by
low-income  groups. Central to inclusive
development is the collaborative engagement of
civil society, the private sector, and governmental
entities, ensuring a balanced and comprehensive
effort towards sustainable progress (USAID, 2020).

What sets inclusive development apart is its
departure from prioritizing the interests of donor
agencies or private sector investors. Instead, the
primary focus is on poverty reduction, with a
commitment to active involvement and
participation of marginalized communities
throughout the entire development lifecycle. This
encompasses the planning, execution, and
monitoring of development programs, fostering a
sense of ownership and empowerment among the
target groups.
In the broader context, inclusive development
aligns with related terms such as "social economy,"
"social enterprises," and "social entrepreneurship."
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These concepts collectively underscore the
importance of incorporating social and economic
inclusivity into development strategies. By
leveraging the strengths of diverse stakeholders,
inclusive development seeks not only to address
immediate socio-economic challenges but also to
create sustainable, equitable opportunities for
communities to thrive.

As countries strive to navigate the complexities of
the evolving global development landscape, the
adoption of inclusive development principles
stands as a promising avenue. It not only responds
to the imperative of achieving the SDGs but also
embodies a holistic and participatory approach that
aims to leave no one behind on the path to
sustainable and inclusive progress.

The examination of social economy
practices in the United Kingdom underscores the
potential of inclusive growth fostered by the social
economy. This is evident in the creation of
employment opportunities, the diversification of
local economies, and the enhancement of skills and
employability, particularly among marginalized
groups (Vickers, Westall, Spear, Brennan, and
Syrett, 2017). The impact of social economy
applications is not limited to the UK; examples
abound in Europe, the USA, South America, and
Africa.

In Eastern Asia, notably in Japan, China, Hong
Kong, South Korea, and Taiwan, emerging models
of social enterprise are taking shape.
These models are often developed through the
concerted efforts of Non-Profit Organizations
(NPOs) and cooperatives,
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Does the Death Penalty Deter

W.M.C.K. Wijekuruppu

Introduction - Death penalty, current situation, and the history

Death penalty, which is also called capital
punishment, is defined as ‘execution of an offender
sentenced to death after conviction by a court of
law of a criminal offense’ (Hood, 2021). Amnesty
International Global Report 2021 reveals that, by
the end of 2021, 108 countries in the world had
abolished the capital punishment for all sort of
crimes, 8 countries for ordinary crimes only, and 28
countries had abolished it in practice. Therefore, in
total, 144 countries in the world had abolished the
capital punishment in law or practice whereas 55
countries in the world retained it, i.e., currently,
more than two third of the countries in the world
have abolished the death penalty in law or practice.
Amnesty International shows that this number
follows an increasing trend.

The history of death penalty law dates back to the
eighteenth-century B.C. when in the Code of King
Hammurabi of Babylon death penalty had been
codified for 25 different crimes. Later in the
Fourteenth Century B.C, the death penalty had
been a part of Hittite Code, which is also known as
the ‘Code of the Nesilim’. Moreover, in the Fifth
Century B.C., 'Roman Law of the Twelve Tablets’
which was a set of laws inscribed on 12 bronze
tablets created in ancient Rome also had made the
death penalty a part of its law. During those ancient
times, the death sentences were carried out by
means of crucifixion, drowning, beating to death,
burning alive, and impalement. The countries
currently practising capital punishment use
beheading, electrocution, hanging, lethal injection
and shooting as the means of execution

Death penalty statistics

In 2021, at least 2052 death sentences had been
reported from the 55 countries retaining capital
punishment It is an increase of almost 40%
compared to 1477 death sentences in 2020. At least
28,670 people all around the world had been under
death sentence at the end of 2021. In 2021, at least
579 executions had been taken place in 18
countries, which is an increase of 20% from 483 in
2020. The top three countries that accounted for
80% of all known executions are Iran (at least 314),
Egypt (at least 83) and Saudi Arabia (65)
meanwhile the other countries included
Bangladesh, Belarus, Botswana, China, Iraq, Japan,
North Korea, Oman, Somalia, South Sudan, Syria,
United Arab Emirates, USA, Vietnam and Yemen.
However, the death penalty statistics of China is
classified as a state secret, hence the global figure
of 579 recorded in 2021 excludes the numbers of
executions which might have been taken place in
China.

Out of the eight South Asian countries,
Afghanistan, Bangladesh, India and Pakistan have
retained the death penalty law having the belief that
the death penalty can deter people from committing
future crimes, whereas Sri Lanka and Maldives
have chosen to retain the death penalty law while
abolishing it in practice. Nepal and Bhutan are the
only two countries in the region that have abolished
death penalty both in law and practice. In 2018,
Afghanistan has given more than one death
sentence and more than 11 in 2017. Bangladesh has
sentences more than 229 death penalty in 2018 and
more than 273 in 2017. Pakistan has sentences
more than 250 death sentences in 2018 and more
than 200 in 2017. India has awarded 162 death
sentences in 2018 and 109 in 2017. Out of the
countries that have abolished death penalty in
practice, Sri Lanka has awarded more than 17 death
sentences in 2018 and 218 in 2017.
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When the statistics are compared, the higher
numbers related to Bangladesh, India, Pakistan and
Sri Lanka indicate how effortlessly the judiciaries
of those countries use the death penalty.

Moving to the examples from developed countries,
each state of Australia has now abolished capital
punishment laws. Queensland was the first state to
abolish capital punishment (1922) while Western
Australia was the final state to abolish the ‘death
penalty for murder’ in 1984 New South Wales was
the last State in Australia to abolish death sentence
for all crimes in 1984. According to a report
prepared by the research division of the Australian
Institute of Criminology (1987), the repeal of
capital punishment in Australia had been totally
driven by the public opinion which had become
increasingly against the idea of sentencing
someone to die as a retribution for their crime.
Public protests the death penalty had persuaded the
government that the Australian public are firmly
against capital punishment, and thereby to change
the law. However, in general, whether the death
penalty is effective on a fact remains controversial,
hence the next subsection discusses about the
controversy around the death penalty.

Death penalty controversy

Despite its long history in practice, death penalty
has been subjected to controversy for a long time.
For example, in 1969, Hochkiammer, writing to the
Journal of Criminal Law has reported that the death
penalty had been the subject of heated debate in the
United States for over 150 years. Moreover, in his
article, he discussed the arguments both for and
against capital punishment such as, the deterrence
issue, the discrimination issue, the protection of
society issue, other issues such as mentally
disturbed people being executed and executing
being less expensive for the government compared
to keeping people in jail, issues and the importance
of public opinion on capital punishment.

In a recent study on death penalty in South Asian
countries, Silvee and Wu (2020) compared the
death penalty trials of Bangladesh and India, to
explore the approach taken by the judiciary of
those two countries.

Having conducted the study, the authors have
concluded that there is inconsistency in death
sentencing in both countries (ambiguities in
sentencing), the social cry for justice has been
prioritised over convicts’ rights and all the
stakeholders involved in a criminal trial including
judges and legal representatives have held a
convictive approach (a judge-centric approach that
might lead to a miscarriage of justice). Concluding
their paper, the authors raise the question, whether
justice means only the satisfaction of the victim; or
does justice mean a balance between the victim's
satisfaction and the convict's punishment
proportionate to the nature and gravity of the
offence. Finally, the authors suggest that the
sentencing guidelines which play a key role in
setting out a standard approach for all judges and
magistrates should be set to ensure the delivery of
justice equal for all.

Apart from academics, global movements such as
Amnesty International also have been campaigning
to abolish the death penalty around the world due to
many reas ons. Amnesty International’s major
arguments against the death penalty are fivefold:

(1) It is irreversible, and mistakes happen -
Amnesty International raises the fact that more than
184 death sentenced prisoners since 1973 in the
USA have later been exempted or released from
death row on grounds of innocence.

(2) It is often practised within biased justice
systems —

According to Amnesty International, it is not rare
that people get executed after being convicted in
grossly unfair trials, based on torture-tainted
evidence and with inadequate legal representation.
Judges in some countries have no opportunity to
consider the circumstances of the crime before
sentencing, because the death sentences are
imposed as the mandatory punishment for certain
offences.

(3) It is discriminatory -
People from less advantaged socio-economic
backgrounds or belonging to minorities with
limited access to legal representation are being
discriminated at the trials.
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(4) It is used as a political tool -
Amnesty International reveals that the authorities in the countries like Iran and Sudan use the death penalty
to punish political opponents.

(5) It does not deter crime —

The countries who retain death penalty in law or in practice firmly believe that the death penalty deters
people from committing crimes. However, this claim has been repeatedly discredited, and there is no
evidence that the death penalty is effective in reducing crime. The next subsection discusses whether the
death penalty deters crimes in detail.

Does the death penalty deter crimes?

Deterrence is found to be the most expressed rationale for the death penalty all over the world. The
proponents of death penalty believe that the threat of being executed in the future is sufficient to make a
significant number of people to refrain from committing a crime that they would have otherwise committed.
Another objective of death penalty is to express society’s disapproval of the offender’s conduct. On the
other hand, the opponents argue that other punishments such as life imprisonment without parole might also
provide equal deterrence at far less costs and without causing the potential risk of executing an innocent
person. These arguments have been long debated, and apart from the fairness of the trials, the fact whether
the death penalty is a proven method of lowering crime rates has been subjected to many discussions and
studies, and such discussions and debates have even advocated the policy formulating bodies of the
countries around the globe. Following are some examples.

e.g. (1) National Research Council of the National Academies in the Washington DC, USA released a report in 2012 on
“Deterrence and the Death Penalty” based on a review of more than three decades of research related to the effectiveness of
death penalty and concluded that studies claiming a deterrent effect of death penalty are fundamentally flawed. The report
says:

“The committee concludes that research to date on the effect of capital punishment on homicide is not informative about
whether capital punishment decreases, increases, or has no effect on homicide rates. Therefore, the committee recommends
that these studies not be used to inform deliberations requiring judgments about the effect of the death penalty on homicide.
Consequently, claims that research demonstrates that capital punishment decreases or increases the homicide rate by a
specified amount or has no effect on the homicide rate should not influence policy judgments about capital punishment.”

e.g. (2) In 2015, two Australians (Andrew Chan and Myuran Sukumaran) who were convicted to be drug traffickers were
executed in Indonesia despite the Australian authorities’ diplomatic requests to deport them to Australia. This incident resulted
in an intensified debate within Australia about whether the death penalty is necessary or justified. During this debate,
Victorian Supreme Court judge Lex Lasry, a prominent Australian campaigner against the death penalty, publicly claimed that
the death penalty is not only inhumane, but also there is no evidence that it has any deterrent value. Apart from the campaigns
against death penalty, abundant publicity was given to the evidence that Chan and Sukumaran, jailed for a decade since 2005,
had been rehabilitated to the extent that they could contribute in effective programmes to reduce the drug trade in Indonesia. It
was argued that their execution deprived the criminal justice system of Indonesia of an effective weapon which could have
been used against drug crime.

e.g. (3) Abdorrahman Boroumand Center, a Washington DC-based organisation that promotes human rights and democracy in
Iran examined murder rates in 11 countries that have abolished capital punishment in 2018. Countries (1) that had formally
abolished the death penalty at least ten years ago, (2) at least one death sentence had been imposed or carried out in the decade
prior to abolition and; (3) of which murder rate data was available from the World Trade Organisation were included in the
study. The countries that met the above criteria were Azerbaijan, Bulgaria, Poland, Serbia, Estonia, Latvia, Ukraine, South
Africa, Kyrgyzstan, Georgia, and Albania. Giving evidence from the statistics, the study proved that ten of the 11 countries
(except Georgia) experienced a decline in murder rates in the decade following abolition. These findings were consistent with
other state-level data in the United States such as 2017 Death Penalty Information Centre (DPIC) Analysis, which analysed U.S.
murder data from 1987 to 2015 and concluded that there was no evidence that the death penalty deters murder. Instead, the
evidence showed that murder rates are consistently higher in death-penalty states than in the states that have abolished the death
penalty.
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Conclusion

The ‘more than 200 years old controversy’ over the death penalty, on whether it deters crime, is currently in
need of resolution. When the arguments on death penalty are analysed, it shows that both retentionists and
abolitionists have equally contributed to the controversy over the history by presenting their ideologies.
Amidst both arguments, the death penalty continues to be imposed for a variety of crimes around the world,
largely to promote the culture of retributive justice. However, the fact that more than two thirds of world’s
countries have now abolished the death penalty in practice or in law, and its increasing trend indicate that
the society now tends to believe that the death penalty is not effective and prefers methods of punishment
which involve actual elements of deterrence and rehabilitation.

While this controversy should ultimately be settled in the legislatures or in the courts of low the
international experience in Australia and the work of academics such as Hochkammer (1969) shows that
such a resolution should be achieved through the public opinion. Therefore, apart from the arguments and
the evidence supported by the empirical studies and the statistics, an emphasis should be placed on the
people’s opinion about the death penalty through the means such as referendums and opinion polls.
However, justification of the abolition of death penalty does not mean that other issues such as the necessity
of punishment methods with deterrent effect to minimise crime and the necessity of protecting society can
be ignored. Any means to repeal death penalty due to its ineffectiveness should, therefore, be accompanied
by effective means to strengthen the other existing laws and punishments against crime, and to enhance
facilities and develop extensive guidelines and adequately broad legal frameworks for rehabilitation of
convicts.
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