Legibility of Bengali Typeface:

The role of letterform anatomy in Type Design

A thesis submitted in partial fulfilment of the
requirements for the Degree of
Doctor of Philosophy
in Design by

Subhajit Chandra
Roll - 136105001

Supervisor

Dr. D. Udaya Kumar

e
ORI

5

ueRul ‘frp,%)
2%
G
“ahatie g

K

3 o a0

Department of Design
Indian Institute of Technology Guwahati

Guwahati, Assam, India

2019

TH-2003_136105001



TH-2003_136105001

Legibility of Bengali Typeface:

The role of letterform anatomy in Type Design

A thesis submitted in partial fulfilment of the
requirements for the Degree of
Doctor of Philosophy
in Design by

Subhajit Chandra
Roll — 136105001

Supervisor

Dr. D. Udaya Kumar

% 5
e oFreen0”

Department of Design
Indian Institute of Technology Guwahati

Guwabhati, Assam, India

2019



Department of Design
Indian Institute of Technology Guwahati
Guwahati, Assam — 781039, India

“, ey
% oF Techno*”

Declaration

I hereby declare that the work contained in this thesis entitled “Legibility of Bengali
Typeface: The role of letterform anatomy in Type Design” is my own work and done
under the guidance of Dr. D. Udaya Kumar, Associate Professor at the Department of
Design, Indian Institute of Technology Guwahati, North Guwahati, Assam, India. To
the best of my knowledge, it contains no materials previously published or written by
another person or substantial properties of material which has been accepted for the
award of any other degree or diploma at Indian Institute of Technology Guwahati or any
other educational institution, except where due acknowledgement is made in the thesis.
Any contribution made to this research by others, with whom I have worked at Indian
Institute of Technology Guwahati or elsewhere, explicitly acknowledge in the thesis.

I declare that the intellectual content of this thesis represents my own work and words.

I have adequately cited and referred to the original work where others’ ideas, work and
words have been included. I also declare that I have adhered to all principals of academic
honesty and integrity and not misrepresented or fabricated or falsified any idea/ data/

fact/ source in my submission.

Place: IIT Guwahati
Date:

(Signature)

Subhajit Chandra

(Name of Candidate)

136105001

(Roll)

TH-2003_136105001



Department of Design
Indian Institute of Technology Guwahati
Guwabhati, Assam — 781 039, India

“, ey
% oF Techno*”

Certificate

This is to certify that the work contained in this thesis titled “Legibility of Bengali
Typeface: The role of letterform anatomy in Type Design” submitted by Mr. Subhajit
Chandra to the Indian Institute of Technology Guwahati for the award of the degree of
Doctor of Philosophy has been carried out under my supervision. This work has not been

submitted elsewhere for the award of any other degree or diploma.

Place: IIT Guwahati

Date:

Dr. D. Udaya Kumar
Associate Professor
Department of Design
Indian Institute of Technology Guwahati
Guwahati, Assam — 781 039, India

TH-2003_136105001



TH-2003_136105001

Table of Content

Abstract v
List of Tables vii
List of Figures ix
Acknowledgement XV
Chapter One:
Introduction to Typeface .....cccciommiiiiiiiiiiiiiiiiiiecccceccceeeeeee 1
1.1. Introduction to Bengali.....ccccooviiiiiiinineiniiiiiiiiiiiiiicicce 3
1.2. Typeface and letterform......cccooeueviininiiiiiniiininiiiiiccccceee, 8
1.3. Typeface Desigh.....coceuivieuiviniiiniiiiiiiiiiciiiciciecesietieecsne s 11
1.3.1.  The design Process .....cceueveuerueveirenieieiinieieiereseeieesaesieeeaenen 12
1.3.2.  The type design in Bengali.........ccecovenieiiininniiiniiininiiee. 16
1.3.3.  Typeface Design and Legibility ......ccccooveiiiiiiniinninninn. 20
1.3.4.  Typeface Anatomy and Legibility.......ccccccoevveininiiiiininnnies 23
1.4. Motivation for the research........cccoceveviiiininciiniiiniiincceeccee 24
BS. RescafNNRESl: . N .o .. %o 24
1.5.1.  Research Assumption ......cccccoceeveirinieieinenieineniciieeseieeeeees 25
1.6. Research ODBjJective ......ccueueuirieuiiinuiiiiiiiiiieiiieieisieicsiecceteeee e 26
1.7. Research Methodology ......cccceeuiieiiniiiiininiiininciciiececcee 27
1.7.1.  Methodological Framework ..........cccccoeeiniiininivinniincinene 28
1.8, Conclusion ..c..c.ueuerueiiiiiiicieiicc e 29
Chapter Two:
Literature Review .......cccooiiiiiiiiiiiiiiiiiiiiiiiiccce e, 31
2.1, Typeface ANatomy.......cccoueuiieueirieuinieieinieiiieieieieeteieesseveeeseeeseseeenes 31
2.1.1. Latin Typefaces....cccocevuerieirinieiiinieieinicncieeeeeeeeseeeee e 33
2.1.2.  Non-Latin Typefaces .......cccouveireininiininieiniiiiniciniccercenenen, 35
2.1.3.  Indic Typeface ..cccovivieoieiniinieiiiniciciccteecceeeseee e 36
2.1.4.  Bengali Typeface....ccoeoieiriniiininiiieincncieeeceeeceeeees 39
2.2. Anatomical considerations for type design .......ccoeivieiniiiininiiiinieininnes 41
2.3. Methods to define type anatomy: A review .......covceveerenieineniennennenn 41



2.4. Anatomy of Bengali — Problems.......c.ccccccoviininiinininiiiie bt

2.5. Conclusion of anatomical study .......ccoeevveiiininiiininiinceee 4
2.6. Typeface Legibility......cccooiiiiiiniiiniiiiiiiiiiiiiciccccce, 45
2.6.1.  Letter Identification........ccceuerereririiieniiiinienceeceeececeeee 51
2.6.2.  Reading Letters.....ccoeuiriiuiiniiiniiiiiiiiiiiciicicieiceeceeeeee 53
2.7. Measure of typeface legibility ......ccooeieiniiiiiiniiiiiiiie 56
2.8. Research Clarification ........cecuevieriirierieiieiecieeee e 57
2.9. Parameters Affecting Legibility.......ccccooeiiiiiinniiiiiiie 60
2.9.1.  Unique features of Indic SCIipts ....coeoveviruerieiinenieniiiniicinennn, 61
2.9.2.  Letter Stroke.....ocoivniiniiininiinieiiieecceee e 63
2.9.3. 4 Termingldi S . s ..........coo M .oceeneeiRgeeneneens 66
294, Optical SIZe....coiviiiiiiniiiiiiiicieice e 66
2.10. RESCALCR GAP .rrriieeeeserersseseeeessessssssssssssssssesceeemmemmseseeeesssessosbiesssostseme 67
2.11. Research QUESTION «.eeuveuvieuiieiieriieieeieeieeie ettt eeeesaeeee e esaaenaeeanens 69
2.12. Aim and ODbJECtiVe ..c..eueeuiriiienieiiieiieiiiteieeetestee ettt 7a |
2.13. CONCIUSION 11iutiiiieiiieiieiteetietesteesteetesteesseeaesteesseeseessesseesseessenssensaeseans 72
Chapter Three:
Anatomy of Bengali Letterforms .........ccccooiiiiiiiiiiiiiiiiiiiiiiiines 79
3.1. Letterform ANatomy .........ccceevieieuinieuiiereiinieinieretenenteneesteneienenesenenes 75
3. 2¢"SynWiikric TEEINCISINNET ... SN ..... SES— ... J........ 76
3.2.1.  The letter features: stroke Unit........ccecvevverrerereeirierieienenenen 77
3.3. Semantic ANalysis ......c.ccoverrririnieieiecreeneneeeee e 78
3.3.1.  Syntagmatic Analysis .......cccecevueirimierieininieiinenieieencee e 81
3.3.2.  Paradigmatic Analysis......ccccoeeineiniiininiiiniiiiiieincieecce 83
3.4. The method involved in anatomical analysis ......ccccoceeeriiiiiininincnn. 86
3.5. Categorization based on Anatomy.........ccccceeevuevieiriniiiinienieieeeen 90
3.5.1.  Common character parameter .........ccouvueuerreverieueirrerenuerereereennen 90
3.5.2.  Common structural parameter.........coeceeverveieenienieenenreenennenes 91
3.6, DISCUSSION. ¢ttt 93
3.7, CONCIUSION 1eitiiiieiieeiieeiiete ettt e s e saeenaeeneen 94

i

TH-2003_136105001



TH-2003_136105001

Chapter Four:

A. Bengali Letter Identification ........cccccocuviiiiiiiiiiiiiiiiniiiiiiiiiiinees 97
4.1. Typeface Anatomy and Letter Identification.......c.ccverveiiincicnnncnnee. 98
4.2. Eye movement recording in Reading ........oooooooccceerresssoeceersssssoceees 100
4.2.1.  Attention & Perception in Fovea and Para-fovea............c....... 102
4.2.2.  Effect of Orthography.........ccccceceoiniiniiininiiniiiiiiiiiiecs 103
4.2.3.  The Control of Eye Movement........cccccceveveuivecieenenicnieennenne. 103
4.3. Effects of the Stimulus.....ccccoceeiiiieniininininiiccccceee 104
4.3.1.  Visual Characteristics of TeXtu....ccovemueriiveninenininenicencrceeene 104
4.3.2.  Reading on SCreen ........ccocevieviiinuenieininieiiiincceeseeeeeen 105
4.4, Experiment Design......ccccoeviviiiinieuiniiiininiiiiiiiiniciecciee e 106
4.5. Preparation of Test Materials........ccocceoveveinininiiiniciiiniiincee. 107
4.5.1.  APPALALUS....cceiiiiiiiiiiiiiiiiiiieieeeeec et 107
4.5.2.  Exposed Letters....cccoveviviiiininuiiniiiiiiiiiiciiicicieicteieceeiceeenen, 108
4.5.3.  Participants.......cccceeecieiiiiiiniiniiiiiniiiniecci e 108
4.5.4.  Experimental SEtup ....cceevveueiniiiniiiiiiiiiciccee, 109
4.6, MEthodS ...c.uieviieiieieeieeeete ettt ae e ne 109
48. Resyl/iSuuu. .. O .. JS— ... % . ... T 110
4.8, DISCUSSION cutervteniiinieiienteeiteetesieeteeitesttesteetesatesbeebesaeenieebesaeesbeenseenee 113
4.9 CofiSITSIRTINNG_—_ ... (... [ ... ... . ..... 118
B. Anatomical Features of Bengali.....................o 119
4.10. Experiment Design.......cccoeiviiiiiiiiiiiiiiiiiiiiiiiiccic 122
4.11. Preparation of the Test Material ......cccocevueininiininiiiniiccce, 123
41101, TNSTIUMENES . eeruteentieeieeeiteeite et et ettt e et e et e e beesaae e bt e saneennens 123
4.11.2. SMUlL coiieiieciieece e e s 123
4.11.3. Preparation for short exposure.........cccoueueeieueinieeniecninieeneennes 126
4.11.4. Participants ....cccccceeeeieirieieieiieneseseee e 126
412, ProCeUIE ..ottt 128
4130 RESULE cutentienieeiie e 128
414, Data ADalYSis...oorreeeereoeeeeeeeseeesessoeeeeseeeeeee e seeeeesee e seereeeeee e 130
4.14.1. Identification and Ranking of Letter Features .......c.ccceuvenencnee 131
iii



4.14.2. Calculation of the Wrong Percentage of Data........ccccoevrueneene 138

4.14.3. DISCUSSION c...viuiiiiiiiiiiciiieiciriccccecee e 143
4.15. Conclusion .......cccuviiuiviiiiiiiiiiiicce e 146
Chapter Five:

Framework for Legibility........cccooiiiiiiiiiiiiiiiiiies 149
5.1. Individual letter analysis........cccccceeuiiniiiiiniiiniiiiiie, 150
5.2.  Grouped based letter analysis .......c.cceevieiiiniiiiiniiniiiiiicen, 173
5.3. Design Approach for single letters.........cccccoiiniiniiniiiinine. 174
5.4. The Design Guideline.......cc.ccvevivevieirinieiiiniiieiiineiienceeneens 177
5.5, ConclUSION ..cveeueriiiieiiiteiceeee et 183

Chapter Six:

CONCIUSION «.. et eeee e e e e e ettt e e e e eeeeeennnnnnaeaeeeaaans 185
6.1. Significance of the research .......ccooviiiiiiiiniiii 190
6.2. Findings of the research ......c..c.ccoceoiviiiiiiiiiiniiiiiiniiics 191
6.3. Contribution of the Study.......ccccoeiiiniiiiiiiiiiiceee 192
6.4, LiMitation....ccecvierriiisrueesuerssessuessssesssessssesssassssessseessesssassssessseesssassses 192
6.5. Future SCope....cccovuiviiuiiiiiiiiiiiiiiiiiiic 193
APpendii].... [T . . THN . . S .. J. . ... 195
Appendix IL....o.ouii i 199
Appendix TIT. ... 201
Appendif [y . . .. .l [ 205
Appendix V... NI .......ccoeneeennenen .l s 221
Appendix VI... % 5, ... o NV 223
Appendix VII.............. s =l L 225
APPEndix VIIL. ..o 233
Appendix IX. ... 255
APPendix X. .o 259
Appendix XI. . .o 261
Bibliography .....cccoiiiiiiiiiiiiee e 263

iv

TH-2003_136105001



Abstract

India is a multilingual country with various scripts. Bengali is one of them. The
anatomy of Indic scripts including Bengali has rarely been discussed and are not
adequately defined. There is a lacuna of substantial work in typeface anatomy of
Bengali script. Similarly, there is hardly any literature on legibility of Bengali
typeface. One of the major issues with reading is legibility. Legibility is the
perception of letter (of a typeface) with adequate distinctiveness in letterform. Letters
are crucial for reading since it constructs the meaning of any given word. To achieve
the research objective, we set to determine the anatomy of Bengali typeface and
important anatomical features that are essential for letter recognition. The aim of the
study is to find the role of anatomical features in typeface legibility. The
methodology adopted for the study is ‘Design Research Method or DRM’ proposed
by Blessing and Chakrabarti in 2009.

The typeface anatomy of Bengali was prepared based on Semiotics that
comprised two stages of analysis: Syntactic and Semantic. The structural formation of
a typeface was investigated in the Syntactic analysis. To create logical parts out of that
structure, a normalised approach has been introduced that broke down all the
complex features to a single unit. The data from syntactic analysis were considered in
the semantic study for meaning-making. The semantic study was carried out in two
phases, Syntagmatic and Paradigmatic analysis. The syntagmatic analysis was used to
determine the letter-parts with nomenclature. By repeated measures, similar letter
units were grouped accordingly and were coded with identity. The study proposes
seventeen distinct anatomy of Bengali letters after analysing vowels and consonants.
The paradigmatic analysis is a comparative study that carried out here to validate the
anatomy with four typefaces. The proposed anatomy can be further used in OCR
systems for identification of letters. A categorization of letters was also prepared based

on common character and common structure of letters.
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Legibility is the measure of reading performance in correlation with visual
variables. For successful reading, a letter should have the quality of being perceived,
recognised and be identified correctly by any means. An eye-tracking study was
conducted to establish the role of anatomical features in letter identification. Ten
blocks of three to four different letters (letter height 4cm) were presented in low
contrast condition. They appeared one by one at mid position from left to right at
equal distance with a time gap of five seconds. Participants were asked to read aloud
quickly and accurately as they appeared on the screen. The data from participants
revealed that a specific feature or combination of features is repeatedly detected in
most of the cases. A letter was identified by explicit anatomical feature or in

combination of more than one feature.

The second experiment was conducted to determine the anatomical features
that are essential for the letter identification. To reveal the anatomical features, a
‘short exposure’ test was carried out using ‘Bubble’ as mask on letters to reveal the
features. A total number of one thousand four hundred and ten masked letters were
exposed in front of participants for a short span of time. The analysis of data revealed
fifty-nine important features that were essential for Bengali letter recognition. Among

them, thirty-four features were significant in recognition process.

A critical analysis of individual letters was conducted considering eye-tracking
and short exposure data. The analysis extrapolates the role of anatomical features in
letter identification. The combination of anatomical features was explicit and made
letter unique by design. The combination of features triggered the recognition
process that led to successful identification of letters. Based on the data, a list of
essential letter features was prepared for design. The study proposes a design
guideline for type designers considering the role of anatomical features in letter

identification process.
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Chapter One

Introduction to Typeface

Introduction

Early humans made sounds for the purpose of communication. It is an evolutionary
footstep and demonstration of intelligence that humankind had achieved the ability
to communicate through sound. Writing is a visual manifestation of spoken sound.
Images, signs, symbol and letters are the graphic representation of spoken
counterpart. The limitation of the spoken sound is the frailty of human memory that
can exceed the expression over time (Goswamy, 2007). From the beginning of the
human race till present, spoken words have disappeared without any clue of event,
whereas written form has remained for a long period of time providing information

about history, science, culture, technology and many more.

A script is a collection of readable characters that are implicitly connected to its
visual form. It consists of letters, numbers and punctuation marks. A group of unique
quality of sound introduces a script and this is similar for many scripts throughout
the world. A letter is a written form of a single character. A group of letters makes a
script with certain similarity that is shared by a group of people or community. Such
communities around the world use various scripts for written communication. Every
script is developed in a personalised way for representing the visual of the letterforms
considering writing tools, availability of writing materials, ideology or philosophy of
state, mind and communication (Sinha R. M., 2009; Pflughaupt, 2007; Meggs &
Purvis, 2006). Altogether, it helps in the progress of the community by advancing the
written communication in education, science and technology. It is the writing system

which enables us to communicate in a visual language that uses simple pictogram
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with close relation to its original object. Later, abstract geometric signs were used as

communicative visual forms based on sound.

The uniqueness of a script lies in the distinctive characteristics of the visual
form of the letters. The comprehensive visual form has established certain visual
grammar or style like Arabic or Chinese that becomes stylistic character of the script
(Mohanty, 1998; Coles, 2012). However, similarity has been found in terms of
neighbouring scripts like Chinese and Japanese. The functionality of a script is
entirely reliant on script grammar which has developed over the period of evolution
(Sinha R. M., 2009). There are multiple scripts in India, used by various
communities. These scripts are sometimes complex and multi-structural like the

living-land itself (Goswamy, 2007).

There are several scripts in the world. Latin script is one of them. The Latin
script is the set of letterforms that have been derived from the Cumaean Greek
version of Greek letters. Most of the letters are combination of linear and curvilinear
strokes (Cheng, 2005). According to Unicode! (version 9.0), there are 1350
characters set including letters, numbers, punctuation marks and signs, diacritics,
spacing modifier letters, phonetic extensions, superscripts and subscripts, half-width
and full-width forms. There are fifty-six basic characters with an even distribution of
uppercase and lowercase letterforms. The emergence of printing and the prosperous
typographic culture and activity make the Latin script accessible to all (Ross & Shaw,
2012). On the other hand, non-Latin scripts remain under the shadow in
typographic study. The history of typography is mostly available in Latin than the

non-Latin scripts.

' “The Unicode Consortium is a non-profit organization founded to develop, extend and promote use
of the Unicode Standard and related globalization standards which specify the representation of text
in modern software products. The Unicode Standard provides a unique number for every character,
no matter what platform, device, application or language. It has been adopted by all modern
software providers and now allows data to be transported through many different platforms, devices
and applications without corruption” (Unicode, Inc., 2017).

2
TH-2003_136105001



1.1. Introduction to Bengali

There are many scripts in India that are used by Indian populace. Among them,
eleven scripts are used to write twenty-two official languages of India. Bengali is one
of them and it is the official language of two Indian states West Bengal and Tripura.
The Bengali language is written using Bengali script. The script is one of the most
prominent Indic scripts used by 80 million Bengali speaker in West Bengal, India
and 160 million in Bangladesh (bbs.portal.gov.bd, 2017) (Fig. 1.1). The minor
typographical variant of the script is used by Assamese language, the official language
of Assam. The script is also used to write other languages like Meithei, Bishnupriya

Manipuri, Rangpuri or Rajbangshi, and Sylheti.

The Bengali script has evolved from ‘Siddham’ script. ‘Siddham’ is an offspring
of ‘Brahmi’, which is the origin of all Indic scripts. Brahmi evolved and took its shape
between the third century Before Common Era (BCE) to fifth century Common Era
(CE) (Chatterji, 2011). The first Bengali script was encountered in Deopara
inscription by Kumar Saratkumar Ray (Majumdar N. G., 1933-34). The inscription
is one of the evidence of primitive Bengali that was written in the middle of the tenth
to eleven century during Sena dynasty (Fig. 1.2). The modern Bengali script was
found in ‘Charyapada’ or ‘Charya manuscript’, written between eight to twelfth
century, discovered by Haraprasad Shastri at the Nepal Royal Court Library in 1907.
It consists of an anthology of 47 padas or verses written by 23 different poets in
‘Sandhya’ language, a natural and regional spoken form of Sanskrit language
(Majumdar R. C., 1971). Many scholars have claimed the similarities of the language
of Charyapada with Assamese, Bengali, Maithili and Oriya (Banerji, 1919). There are
several debates on the language of ‘Charyapada’, but the written letters on it is in

modern Bengali.
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@ [« = = [nternational Border
National Border

A ‘ Manipur

Bangladesh

Fig. 1.1: The region where Bengali script is used

33 AAFAA YFA3ILNAAIAID A
R ABFRAMAFR TANRAY ANVIA-
il 2FHAE AR JAZR@FAEAAS -
A2 @A FIEIRABINYIRDLA
QNP AT [NRII[VAR g1exfA-

Fig. 1.2: Deopara Inscription (Naik, 1971, p. 150)

The Modern Bengali is standardized by Pundit Ishwarchandra Vidyasagar (also
known as Ishwarchandra Bandyopadhyay) who was one of the pioneers of Bengali
literature. Bengali script has twelve vowels and thirty-seven consonant letters. The

Assamese language shares same scripts with additional letter ‘Khya’ (%) and

4
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difference ‘Ra’ () and ‘Ba’ (). The letterforms of the script are structurally complex

with sinuous shape. Moreover, there are certain groups of letters that are very

different from other groups of letters considering their shape, proportion, height,

width, stroke and path of the stroke. There is an extensive diversity within the

letterforms. The writing system of the script falls under ‘Abugida’. The features of

this system are as follows-

TH-2003_136105001

It is written from left to right.

A distinctive horizontal line runs along the top of the letters that link them

together, which is known as Matra (J7a).

Diacritics: A sign mark that comes at the four different positions of letter. The
positions can be top, below, before or after the consonant to pronounce the
consonants in the different inherited sound of the same letter. The diacritics

forms are only alternative forms of vowels that are inherited by the consonant

sound. In Bengali, the ‘Paa/#IT’ is the ‘aakaar’ or “&I-kar’ of .

Conjuncts: Conjuncts are single letterform of two or more consonants and/or
vowels combined vertically or horizontally (Fig. 1.3). It is a fused form of two
or more letters that are placed on top of one another, can share their vertical
line or side-by-side or one-half of the letter comes with another letter. The
general shape of the conjuncts is multi-tier. There are a large number of
conjuncts in Bengali that are in use. Sometimes, a completely different form

can appear in place of such fused form.

T YD E

Fig. 1.3: Conjuncts of Bengali

|



There are two sets of Bengali vowels that are used in writing. The regular forms
are used as words and the diacritics or vowel sign marks. The diacritics combine with
the consonants to finish the consonant sound to the inherited vowel sign. Their
position of attachment is also varied based on sound and consonants. Table 1.1

shows the vowel letterforms with diacritics.

Table 1.1: Bengali vowels

Vowels Full name Diacritic Diacritic name Roman
form name
Y a a
a1 aa ¥ | a kar aa
3 Hrosbo i fo Hrosbo I kar i
5 Dirgho i B Dirgho I kar ioree
S Hrosbo u @ Hrosbo u kar u
S Dirgho u o Dirgho u kar u or 00
A (Hrosbo) ri i (Hrosbo) ri kar ri
> (Hrosbo) li (Hrosbo) li kar li
q aya G e kar e
Rad oi [& oi kar oi
3 o ) o kar uoro
3 ou c1 ou kar ou

The consonant letters are typically pronounced as just a consonant sound with
the inherent vowel 2’/ &', &’ sound is the default inherited vowel sound for most
of the consonant letters in Bengali. The inherent vowel is naturally assumed to be
there, but not in the written form. As a result, most letters sound similar to the other

letter with minor variation. Table 1.2 is a list of given consonants of Bengali.

Table 1.2: Bengali consonants

Consonants Full name Roman name
3 ka ka

q kha kha

5y ga ga

3 gha gha

6
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) ungo ngo
12 cha cha
2 chha chha
Gt Borgiyo ja ja

QA jha jha
@ e no no

:B tta tta
> ttha ttha
\J doe dda
15 dhoe ddha
9 Murdhonyo na nna
) ta ta

2] tha tha
] da da

g dha dha
9 na na

o pa pa
3 fa fa

I ba ba
© bha bha
q ma ma
g Antastha ja jja

g ra ra

Gl la la

A Talobyo sho sha
B Murdhonyo sa ssa
A Dontya sa sa

R ha ha

] doe shunyo rho rtho
b dhoe shunyo rho dha ra
q Ontostho o jjara
Q Khandyat ta ta

i Biswargha biswa
i Chanda bindu Dot or nukta

Additional, Assamese letterforms are below-

g ra asra
g WO WO
3 Khya khya
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1.2. Typeface and letterform

A typeface is a collection of characters or glyphs® that share common design features
(Bringhurst, 2004; Beier, 2012). It is a medium through which every letter of a
typeface confines its physical embodiment. It is a common design characteristics of a
group of letterforms that sometimes extend across to multiple scripts. The term
‘typeface’ is often confused with the word ‘font’ which is different from each other.
In type design, the definition of ‘font’ has changed over the period of time. A font is
a set of glyphs in a particular size, weight and style of a typeface. In the digital era, a
font can be defined as reproducible characters that are printable or displayable in a
specific style and weight. However, the font size has become very common that can
be well-controlled at any point of design process. A font is basically the physical or
digital representation of a single typeface. In details, “Thesis’ is a typeface family,
‘TheSans italic’ is a typeface, and “ThaSans italic 12-point’ is a font. In practice, font

and typeface are often used interchangeably but they are different in theory.

A ‘typeface family’ sometimes consists of a set of fonts that are designed with
common design features. “TheSans’, “TheSerif and “TheMix’ are three typefaces that
belong to the “Thesis’ family (as in Fig. 1.4). Each member of a type family can be
represented by a single typeface that is designed with common weight, style, width,
slant and ornamentation; at least varying one design feature. The style or the design
of the typeface completely depends on the designers who design the family. There is
no standard rule to design such a family but certain guidelines and working
principals have emerged in the field of type design practice. The weight of typeface
determines the thickness of the stroke or the heaviness of the strokes. The general
created weights are Thin, Regular, Bold, Black and occasionally a Semibold in
between. The wide range of weights allows typographers and graphic designers to

apply the typeface in a wide range of context. Their design characteristics have to be

2 A ‘glyph’ is a readable symbol or character.
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maintained to consider them as a single family without varying the stroke-weight

(Karow, 1994; Karow, 2013; Bringhurst, 2004; Cheng, 2005).

The digital design of letterforms is stored in the form of digital files. There are
many popular file formats. Among them, True Type (TTF) and Open Type (OTF)
are widely used. True Type Font or TTF format is relatively old and was designed to
support all Windows and Macintosh systems including any kind of printer. On the
other hand, OTF format has been newly developed by a joint venture of Adobe with
Microsoft. It is a cross-platform format that opens many possibilities by extending
the capabilities of TTF format. The major advantage of OTF over TTF format is the
number of character set that extends from 256 to 65,000 glyphs per font (Adobe
Inc., 2015; Karow, 1994).

e | AN A A
- A AA A
- A A A A

Fig. 1.4: Design space of typeface

Visual character of letterforms is important in identification of letters. The
letterforms follow a grammar, a harmonious design, to be a member of a typeface
(Fig. 1.5). Letters are the combination of different strokes and the strokes are

embedded with design characteristics of letters.
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According to the Laurent Pflughaupt (2007) —

“Letters, regardless of their style, are composed of a certain number of curved,
straight, simple, and complex strokes, connected in specific ways. Each letter’s
ductus, or framework, demonstrates the order and direction of each stroke.
Character strokes fall into two categories: straight lines (horizontals, verticals, and
diagonal) and curved lines. The arrangement of the straight lines creates a different
type of angles that structure the letters. The openness of its angles gives the letter its
specific characteristics. The shape and location of the empty spaces in and around a

character also play a determining role in constructing this letter ‘identity’.

(Pflughaupt, 2007)”

ARAAAA A

Fig. 1.5: Typefaces vs letterform

With the change of typeface, the stroke path and other design variables of each
letterform change, such as Times New Roman (TNR) Regular and Arial Regular.
The TNR and Arial have different stroke weight and width. TNR is a serif typeface
whereas Arial is a sans serif typeface (Fig. 1.6). The stroke width, weight, stroke path
and other design factors vary for every typeface. Their design characteristics and style
are significantly different in most of the cases (Spiekermann, Truong, & Siebert,
20006). However, letters of almost all typefaces are recognisable despite such
variations in design. There is a certain configuration of letter stroke that is the key to
letter identity. Human brain always recognizes a human face, which is varied for
every person, but the anatomical structure of a face is similar for all. Similarly,
anatomy of the letterforms initiates the understanding process of a letter and

eventually the typeface.
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d d

Arial TNR

Fig. 1.6: Arial Regular & Times New Roman Regular

1.3. Typeface Design

Typeface design is a branch of design where design philosophy, process, management
and technical discourse of a typeface is discussed. It is practised by type designers and
font developers to create ‘fount’ (old British form) or ‘font” for mass production of
the printing or digital text materials (Ross & Shaw, 2012). The advances in the field
are typically achieved by the practitioners with the help of engineers and researchers.
Nonetheless, many problems still exist in the domain of typeface design and
designers, for which researchers are collaborating to solve it. Many tools, methods
and designs have been introduced with many alterations to seck solutions for the

existing problems. The typical difficulties are —

J Every time a new typeface is created; the specifications of the style become one
of the primary issues with the designer. The necessity of a new font has to

justify in the context of purpose.

° In the digital era, the display or web fonts create a diverse set of challenges for
designers. The issues of font ‘adaptability’, ‘usability’ and ‘legibility at low-
resolution display’ are the present research domains that require the attention

of the designers and researchers.

e Apart from the global design context i.e. Latin typeface design, the vernacular
scripts are also becoming a concern for designers. The designers have already

started the subject domain of ‘multi-script design’. The vernacular context of

11
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type design is becoming popular in the twenty-first century with a new set of

challenges.

1.3.1. The design process

Type design is the art and technique of designing the typefaces. It is a process by
which glyphs are defined by its shape. It is often interchangeably used with ‘font
design’ which is, practically, different from type design. Technically, font design
refers to the process of designing letter into the presentable form that is compiling
them into a digital file. The drawn glyphs go through several stages of processing that
interchange the raw information of glyphs into compatibles or direct executable
format for screen display. But in general, type design refers to the complete process of

designing typeface for font production.

In the beginning, typefaces were prepared in the form of movable type made of
wooden or metal type. The early printing with movable type emerged in China. In
the middle of fifteen century, Gutenberg’s intervention changed the complete history
of printing with an adaptable mould that can accommodate a number of types in a
variety of widths. There is a very narrow letter like ‘T" and also wide letter like ‘M’ in
Latin. The widest size is known as ‘Em’, referring to the maximum width of letter

‘M’, which the unit of the type size.

The printing industry experienced an amount of printing tool that evolved
throughout 1890 to 1960. In the beginning, the American type founders started to
design large size letters using Benton pantograph. It was a punch cut technique to fit
the matrices in mounting process. It retained until the end of century, photo
composition came. It was extensively used in the western world for printing, but in
India movable type remained dominant. Besides, many typefaces were developed
using photocomposition. Later, Linotype and Monotype typesetting machine became

dominant and were used by most of the press and large enterprises.

12
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At the end of 1980s, digital software like Frechand and Illustrator finally
showed up and they became the successor of the type design tool. Later, dedicated
type design editors like Fontographer and FontLab emerged to fulfil the designers
need. Once mechanical industry, it has now completely transformed into software

industry. The current design process is described through the following points.

° Before going into the design of letterforms, a thorough research is needed to
understand the prerequisite, requirement and necessity of the new design.
Letters can be drawn by a stylus on the digital surface or hand-drawn and
scanned to digital media. The design of the typeface completely depends on
designers’ objective, skill and requirement. The scan or digitized letter is stored
as bitmap (scaler image) or vector (scalable outline) format that is processed

further.

o The digital file is then ready for the processing to prepare a font file in
PostScript, TTF or OTF format. From this point, the job can be carried out by
the designers or can be transferred to a specialist, often known as ‘font
engineer’. The font production involves Bezier curve correction, kerning,
hinting, anchoring (for diacritics), preparation of GPOS and GSUB table,
feature defining and corresponding substitution code writing. Testing is
mandatory after every stage of design process. The general structure of font file

is given in Fig. 1.7.

Font

Features (liga, kern, mark, ...)

Lookups

Instructions
Commands
Classes

Fig. 1.7: Structure of an OTF font (Karow, 1994)
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° Bezier curve correction: The correction is essential for adjusting the incorrect
position of the anchors, removing the undesirable anchors from curves and to
adjust the Overshoot and Undershoot® of the letters. The Alignment zone is
the representative of Overshoot and Undershoot to control the appearance of
the extended part. Apart from Alignment zones; consistent terminals, specific
vertical and horizontal stroke width are the few essential corrections that need

to be done at this stage of the design process.

o Kerning: Kerning is a process of adjusting the space between two characters.
The equal spacing among letters appears as uneven adjustment due to the
different letter width, hanging edges and round letterforms. The equal
arrangement makes letter-spacing scatter and optically imbalanced. The

spacing has to be adjusted between the letters to look visually balanced.

° Apart from these two corrections, the position of the diacritics (in case of non-

Latin typeface) has to be set accordingly. Later, the position information needs

to be stored in GPOS table.

. The glyph substitution information is stored in GSUB table. The Glyph
Substitution or GSUB table consists of all information about glyph
substitution that is necessary against the conjuncts. The substituted letter has
to be designed separately and it substitutes the half form of consonants with

inherited conjunct.
o Hinting: According to the type designer Peter Bilak —

“Hinting, or screen optimising, is the process by which TrueType or PostScript fonts

are adjusted for maximum readability on computer monitors. This text compares

3 Overshoot and Undershoot are small unit of extension in height of round and pointed letters. They
reduce the illusion of small appearance and make equal in height to rectangular letters.

14
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different ways of hinting (Black & White, Grey-scale, Clear Type, DirectWrite),

and explains the behaviour of fonts under different rasterisers.” (Bilak, 2010)

The hinting refers to the optimizing method of fitting the outline of a
letterform to the pixel presented on a digital surface. The display screens are available
from minimum 72 dpi to above. In most of the cases, the fonts are designed in
higher resolution of 1200 dpi and above for the purpose of printing. The digital
drawing is stored as Bezier curves of outline for the letters. The enclosed space is
represented by pixels that are perfectly arranged for high-resolution display screens.
Buy, it is not the same for low-resolution screens. The pixels are outfitted at
curvatures due to high inclination. As a result, the display of letters gets distorted and
they become illegible to read. The curve crosses the pixel from the inside, leaving it in
toggling state either on or off. Many times, the vertical or horizontal stroke does not
match the pixel edge or stroke width does not match the perfect number of pixels.
The offsetting of the curve causes the grey formation around the letters and
sometimes uneven stroke width (too thin or too thick). To control the shift, there are
few readymade hinting technologies such as grey-scale, true-type, clear-type and anti-
aliasing that come with software to prevent it from distortion. Even though, it is not

enough for low-resolution display screens.

The legibility is a key challenge that remains in the design of a text-based
typeface. The visual quality of a continuous text or reading materials must achieve
the precision in glyph order, rhythm and balance. This concern leads the designers to
the legibility that is one of the most fundamental issues. The adaptability of design is
another key concern for designers since screen display involves from small low-
resolution to large high-resolution screens. It is a fact that the large letterforms are
recognized by the edge or outline exposing their shape, whereas small letterforms are
recognized by gross stroke (Majaj, Pelli, Kurshan, & Palomares, 2002). A continuous
text only reveals the textures of text body. Thus, the structure of the letterforms needs

to be taken care during design of letterforms. The success of a typeface depends on
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the requirements that are met during the design process considering the possibilities
discussed above. An exquisite typeface may not have an eye-catching texture or

adequate legibility when reading a body of text.

1.3.2. Thetype design in Bengali

The design process of non-Latin typeface is complicated and complex. The Bengali
letterforms are not out of that intricacy. According to Changizi and Shimojo (2005),
the average character length of Bengali script is 3.95. It is almost half of Latin script
i.e. 2.08 for lowercase and 2.50 for uppercase letters (Changizi & Shimojo, 2005).
The density of the letterforms is much higher than Latin, which makes letterforms
complex. The basic letter set of Bengali is also more than Latin in terms of numbers.
There are letters with vowel signs and a large number of conjuncts. The technical
procedure of the font production might have similarity with Latin, but the job of
font production is more tedious and time-consuming activity due to a large number

of glyph set and complexity of the letterform structure.
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Fig. 1.8: Charles Wilkin's first font - CW1 (Left), fourth font - CW4 (Right)
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The early printing in Bengali started at the end of eighteen century. Charles
Wilkins, a British writer, was employed to develop a Bengali imprint by the East
India Company in eighteenth-century (Ross, 2009). With the endeavour of Charles
Wilkins, many new presses came to light with the scope of mass production of
printed materials. The ‘Chronical Press’ (1786-1797) was one of them with the
publication named ‘Calcutta Chronicle’. They preferred to use the Wilkin’s font
especially the first one the ‘CW1” (Ross, 2009). At the beginning of the nineteen
century, missionaries started to extend their roots. Under them, two prominent
presses the ‘Serampore Mission Press” and the ‘Baptist Mission Press” published many
documents that are significant in terms of historical evidence under the supervision of
William Carey (Fig. 1.9). The typeface used by these two presses reveals new genre of
typeface design in Bengali incorporating Wilkin’s letterform with printer friendly
features. The appearance of the ‘blob’ feature in the script was a distinct step in
design which continues till date. Previously, the printed typefaces were too much
curvilinear and dominated by hand-written style. But, the printed letters in mission

presses were more structured in terms of design.

SPECIMEN OF PRINTING TYPES.

BENGALEE, No. L

F A4 A § 8
B % & A ¢
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T 7 A 3 W
N O

Fig. 1.9: 'Bengalee No. I' of Baptist Mission Press, Calcutta, 1826
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Throughout the nineteen century, the typefaces developed by mission presses
were predominantly used. Few new presses came to light such as the ‘Girisa
Vidyaratna Press’ and ‘Sanskrit Press’; all of them followed the same typefaces
developed by missionaries for printing. During the same period, a standard set of
Bengali characters were revised and published by Sanskrit Press in the mid-
nineteenth century. The publication was authored by Pundit Ishwarchandra
Vidyasagar and Madanamohana Tarkalankara, a benchmark that gave rise to a new
genre of Bengali letterforms. The work ‘Varnaparicaya’ by Pundit Ishwarchandra
Vidyasagar (Vidyasagar, 1971; Ross, 2009, p. 127) was one of the most significant

works.

In late nineteenth century, many type foundries and printing press came from
Europe to expand their circle. The fonts from the Linotype foundries were exemplary
in this regard. They prepared the first set of hot metal block of Bengali in 1934 (Fig.
1.10) maintaining a standard grammar of letterform developed by missionaries. The
first punch-cutting was done by Suresh Chandra Majumdar, commissioned by Sri
Gouranga Press under the proprietorship of ‘Ananda Bazar Patrika’, the daily
newspaper, which still holds the reputation and functions as a prosperous label in
Bengal. Their designed typeface has been dominant in printing industries and still

maintains the standards of those times.

o LINOTYPE e

12 POINT BENGALIJ (Experimental)
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Fig. 1.10: Linotype 12-point Bengali, 1934
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The intervention of Linotype and Monotype corporations completely changed
the use of typeface culture in Bengali printing. The structural forms, arrangement,
systematic ‘Matra’ line and the most notable letter proportion are the foremost
influenced factors by which the script got its richness in print art (Ross, 2009; Ross,
2013). But with advancement, there was a problem too in the Monotype machines;
particulary in printing complex characters of Bengali. The adaptation of western
equipment in vernacular fonts was constantly compromised due to mechanical
components whih were actually meant for Latin script (Ross, 2009, p. 174). At the
same time, the calligraphic style of the script had remained suppressed in printing.
The calligraphic quality of the script was nurtured in other fields of communication
designs such as magazines, posters and film titles. The art of writing and lettering
never met the conspicuous attention of the printing (Ross & Shaw, 2012). The
calligraphic style never faded due to few leading graphic artists and designers such as
Satyajit Ray (Fig. 1.11). The influence of calligraphic style on Bengali script is
eminent. It requires an extensive study to understand the degree of calligraphic

influence on Bengali type design which is beyond the scope of present study.

Fig. 1.11: Works by Satyajit Ray
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The current type design and font manufacturing processes allow too many
scopes and possibilities. It solves many difficulties from the mechanical type-setting
but also introduces new complications. The legibility issues in mechanical process
were in the nature of printing ink and surface of metal block. The legibility issues
were taken for granted in Bengali text production since punch-cutting, typesetting
and printing were too complicated with the Bengali script. The time required to
design a typeface and reproducing of printing materials needed a large number of
human resources. Moreover, the job included many people who were not native to
the Bengali script. The problems associated with legibility were too expensive for
them to work on it or think about it. In recent years, with the advancement of
computer software and hardware, things have been made easier for designers. The
OpenType technology opens the scope to solve the number of glyph issues with

Bengali script.

1.3.3. Typeface Design and Legibility

The term ‘legibility’ defines the quality of being clear enough to identify a character
without any hesitation (Gaultney, 2000). It is one of major concern of many type
designers and researchers in designing letterforms. Type design is often considered as
a part of typography. But in practice, type design and typography are completely
different. The arrangement of words or letters in a continuous text is the concern of
typography whereas, type design deals with the design of typefaces and its processes.
The parameters related to typography are the medium of reading, word-spacing, line-
spacing, word count in a line, reading speed, reading pattern (number of columns,
margin etc.), reading distance, luminosity, viewing angle and many more. The type
design parameters include Gridlines, Stroke path and Treatment, Stroke contrast,
Stroke density, Stroke width and weight, Terminals, Optical size, and Stroke
contrast. These variables sometimes share common ground which is correlated and is

often hard to separate from one another.
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Sofie Beier (2009) discusses in her doctoral thesis that much anticipations have
been made by different researchers in different field without justifying the
terminology type design. Such attempt questions the internal validity of research
methods. She explains in her thesis that the reason for neglecting such crucial

information in studies is as follows —

“This lack of understanding of other trades also appears to be present in relation to
knowledge on legibility — an area dominated by the two cultures of the empirical
scientific approach and of the more design-orientated approach. The empirical
approach is based on the testing of hypotheses. It is a problem-solving approach
where assumptions are tested with an outcome of some form of conclusion. The
experiments are often carried out by people with a psychological and scientific
background, but without any real knowledge of the design aspect of typography.”
(Beier, 2009, p. 16)

She explains that there are two types of culture or knowledge domain doing
legibility research, one is academic legibility research and the other is type design and
research. Their common ground of understanding the trade ‘legibility’ is very less
than revealed in the different meanings of study. The academic intention is to
objectify the basic knowledge of legibility by establishing previous trade of knowledge
domains, whereas designers’ intention basically aims towards subjectivity of typeface

that accomplishes the objective of design. In empirical research, factual evidence is
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necessary for scientific research to establish any claim. But, practice-based research is

more flexible to process and focuses on the quality of output (Beier, 2009).

Also, the term legibility is often confused with the term ‘readability’. These two
terms were previously used by researchers interchangeably. They have also overlapped
the concept and confusion between them. They both deal with the reading
performance but their objective for successive reading is different. The two
fundamental confusions with the definition of design, legibility and readability have

led to unacceptable results in many studies (Beier, 2009).

Miles A. Tinker (1944, 1963), one of the pioneers of legibility researcher,
preferred the term legibility by rejecting the term ‘readability’ to simplify both the
constructs. In current years, researchers have started differentiating the meaning
between readability and legibility. Readability is the ease of reading a continuous text
(Tracy, 1986). The case of reading depends on the content of the text and the
typographical arrangement of the text. Thus, it is a variable that deals with the
typographical aspect of the text but not design aspects of letterforms. In contrast,
legibility is the term that deals with the perceptibility of letters or a distinguishing
factor of letterforms from other letterforms (Tracy, 1986). The construct legibility is
even more confusing when it is used in larger context. Researcher, Miles A. Tinker
called the construct ‘legibility; by differentiating it as ‘letters’, ‘words” and
‘continuous-text’. However, many researchers are in a dilemma about these
constructs and are reluctant to use it interchangablily. It is a known case when
researchers measure the legibility in the other domain, such as ergonomics, vision
science and psychology. An effort was made by legibility researchers like Water Tracy
(1986), Ole Lund (1999). To avoid confusion, they proposed to use the term
‘legibility of the letter in isolation” and the ‘legibility of the letters in continuous text
or word formation’. They have rigorously examined many definitions of the
‘legibility & readability’ and differentiated them by employing constraints in the

context of their nature of use.
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1.3.4. Typeface Anatomy and Legibility

Anatomy is the study of the structure of the body and physical relationship involved
between body parts (Waugh & Grant, 2001). It is the science of structure and the
relationships among structures (Tortora & Derrickson, 2012). The definition
suggests that it deals with a physical entity that has a structure like formation such as
the human face. The characteristics of faces are consistent irrespective of geographical
distribution, space, race, gender and resources. Only shapes of every feature like the
nose, eye or mouth are or can be changed. The human eye can identify every feature
distinctly. All features together stimulate the perception of human face. The common
character of a human face can be observed in skeleton level where the anatomical

structure is almost similar for all human face.

In other words, anatomy is the fundamental knowledge of structure and its
formation that possesses an identity of a particular body or body like structure. The
argument can be illustrated by considering the structural formation of Sunflower and
Rose. They both have common features like petals and receptacle. However, the
shape of petals or receptacle is dissimilar in each case which makes a Sunflower
different from a Rose. The shape is the distinguishing feature for both of them, but
their anatomical structures suggest that they belong to the flower family (Athavankar,
1989). Similarly, the typeface can be explained as the shape of letterforms that shares
design characteristics among all letterforms. It is the means of communication
through which letterforms are formed. The basic anatomical structure of any typeface
is supposed to be alike among a vast range of typefaces that exists in different shape,
style, or genre. Despite such design variations, every letter is recognised in human
brain without losing its identity. There is a certain affordance of the shape that makes
the letters understandable. The understanding of such knowledge is the perceptibility

of letterforms.
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Letter perception refers to the type form or type anatomy. Legibility is about
clear perception of characters or letterforms where letterforms are operationalised by
anatomy. By controlling the anatomy, the letter perception can be controlled since
typeface is the skin or mesh on the letter-anatomy that regulates the overall shape of
the letter. The intention here is to understand the anatomy of the letterforms that

can contribute to the legibility of typefaces directly or indirectly.

1.4. Motivation for the research

The study is undertaken to identify the causes of legibility issues in display screens.
The reading materials such as posters and books are well and precisely printed in
Bengali typefaces. But it is not the case with digital typefaces. Eventually, there is
hardly any study that evaluates reading comfortability with the Bengali display
typefaces (Ross & Shaw, 2012). The existing literature on digital text typeface is not

satisfactory to evaluate legibility of Bengali letterforms.

1.5. Research Problem

The thesis highlights the lacuna in the field of legibility studies in Bengali script.
Opver the last century, typographers and type researchers have extensively studied the
anatomy and legibility of Latin script. For the last two decades, non-Latin scripts* are
getting more attention from the research community. Sixty percent of the global
population is dependent on non-Latin scripts including Indic scripts. It is widely
used in education, politics, economics and cultural purposes. There are many print-
media such as newspaper, magazines, hoardings, and posters that gets regularly
printed using non-Latin scripts including Bengali. Even non-Latin netizens are

increasing day-by-day (Ross & Shaw, 2012).

* The term non-Latin script is referred to vast collection of scripts around world other than Latin. The
term interchangeably is used to refer Bengali script in this thesis.
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It is through the means of typefaces that any script can be printed or displayed
for communication. Bengali has a rich history in print and publication over the last
70 years, though it started 200 years back. Typeface design in Bengali or any Indic
scripts involves calligraphic knowledge of the script. Understanding the ‘script
composition grammar’ of letterforms can certainly assist the type designer to design

any typeface to achieve legibility.

The research is designed to create a support for the type designers. We are
assuming that the knowledge domain of anatomy can provide support to typeface
legibility. After all, the design of the typeface is also the initiation of the legibility
issue. The method by which a typeface is designed can also be taken as a vantage

point to solve legibility issues.

Knowledge [A]

Typeface
Legibility

of
Anatomy

+V

[A]: statement is an assumption

Fig. 1.13: Research assumption

There is hardly any study or research on legibility in Bengali typeface.
Extensive study has been done on printing and developing typefaces. There is a scope
to look into the legibility issues of Bengali considering letterform anatomy. Also there

is a need for investigation into the design aspects of Bengali letterforms.

1.5.1. Research Assumption

The anatomy is a predetermined structure that is the backbone of letterforms. The
‘role of the anatomy in design process’ is the primary concerns of this thesis. Thus,
one of the scopes of this thesis is to study the anatomy of Bengali letters. The other

scope includes legibility study of letterforms accessing anatomical information. The
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results of the legibility study can provide the critical information about letterforms
that can be useful for type designers. The anatomical information of letters will not
only ease the design process of letterforms but also the entire process of reading
experience that can be achieved without any difficulty. It aims for the type designers
to provide adequate information of anatomy that would help them to achieve

legibility in design process. The assumptions of the thesis are listed below —
o Anatomy helps designer for a better understanding of letters.

e  Anatomical information can contribute to achieving legibility of letterforms in

the process of letterform design.

1.6. Research Objective

Based on the research problem and assumption mentioned above, the objectives of

this thesis are —
. Identification of anatomy of Bengali typeface.

. Identifying important anatomical features for letter identification.

This thesis demonstrates through various cases, and comparative studies that
the parameters identified previously in Latin are not reliable to define legibility of
Indic typefaces’. The analysis is based on anatomical features, stroke, letter binding
and support, the direction of the stroke, stroke density, and variance. Further, the
study identifies important features responsible for letter identification in Bengali

script for better legibility.

In this study, the construct legibility is defined as perception of letters in
isolation or visibility and perception of letters in group or legibility (Lund, 1999).

Visibility study has been done to identify important letter features for letter

5 The term Indic typeface is interchangeably referred to Bengali script in this thesis. Here, the scope is
narrowed to the Bengali script due to vastness and diversity of Indic scripts.
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identification. Later their significance in design will be examined. Finally, the thesis
proposes a guideline for the type designers to achieve legibility during the process of

designing Bengali typeface.

The approach towards legibility may not be entirely similar for all non-Latin
scripts. Each non-Latin script has a specific set of characteristics and script
composition grammar that needs to be addressed individually. Individual, systematic

study is required for each of the scripts considering these features.

1.7. Research Methodology

The role of letterform anatomy in typeface legibility is examined and based on
evidence, a design guideline has been proposed. Some facts are observed in practice,
but there is no such proof to confirm the role of anatomy in design. A semiotic
analysis has been used as method to establish the letterform anatomy and a
experimental method ‘short exposure test’” has been used to identify the role of
anatomy to validate it. The cognitive process of letter legibility and reading has also
been employed to understand the complexity of letterform and involvement of

external factors to clarify the complex nature of design.

The research has been done based on the Design Research Methodology
(DRM) proposed by Blessing and Chakrabarti (2009). Design Research
Methodology (DRM) provides the basic framework for design research. There are six
different models of Design Research Methods. The DRM Type 2 has been adopted
for carrying out this research. It consists of four stages — research clarification, the
descriptive study and prescriptive study (Fig. 1.14) (Blessing & Chakrabarti, 2009).
It is an appropriate model where previously said methods can be applied individually
in descriptive study with successful and positive outcomes and further guidelines can

be proposed and laid out for prescriptive study (ibid).
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« Typeface Anatomy
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anatomy

» Anatomy of Bengali
letterforms

« Letter recognition
and design

« Analysis of Bengali
typefcae legibility

« Guideline for Type
Designers

Fig. 1.14: Research framework (Blessing & Chakrabarti, 2009)

According to the Design Research Method: Type 2, the context of research is

as follows —

“The study was undertaken to explore and identify the existing anatomy and
legibility of Bengali typeface that was necessary to gain insights. The most relevant
literature has been addressed to deal with the issues in order to analyze the Bengali
typefaces. After that, a comprehensive descriptive study has been undertaken to fill
the insufficiency that has found in literature. Once sufficient understanding has
been gained, a prescriptive study has been undertaken to indicate how this
understanding of anatomy can be used to improve typeface legibility” (Blessing &
Chakrabarti, 2009).

1.7.1. Methodological Framework

The method has been used here to analyse the present typeface anatomy and
legibility. The most relevant literature has been studied to understand the anatomical
features and legibility issues in Bengali. Based on the available literature, the research
goal was set (Fig. 1.15) to reveal the insufficiency or gap in literature. In descriptive
study, necessary analysis and experiments have been undertaken to fulfil the research
gap in Bengali typeface anatomy and legibility. Based on the descriptive study, a

design guideline has been proposed considering letter anatomy and legibility issues.

The Fig. 1.15 explains the complete research process that was undertaken for

study of research. The goal of the research was set after reviewing literature
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thoroughly on anatomy and legibility from letter recognition perspective. Next, the
anatomical study and legibility measurement was done in descriptive study that
determined a broad understanding of the relationships between anatomy and
legibility. Further, eye-tracking and short exposure tests were undertaken to
understand the relationship between anatomy and legibility. At last, this information
in prescriptive study was synthesised by critical analysis to propose a guideline for

Bengali letterforms.

1.8. Conclusion

This chapter gives a brief overview of research work of this thesis. The intention of
the thesis started with the introductory chapter where the background of this
research, research area and research problem have been introduced. The research plan
with the methodological approach has been discussed briefly in this chapter. The
study explores the anatomy of Bengali letterforms, investigating the role of anatomy
in letter legibility. The structure of the thesis is to achieve the goal of the study i.e. to

provide a guideline in context of legibility of Bengali script for type designers.

In the next chapter, detailed literature has been reviewed to investigate the
current state of anatomy and legibility of Bengali script. The chapter contains
relevant literature to understand the research gap and questions. With that research
clarification, the further research has been done in three stages — analysis of anatomy
of Bengali, determining the role of anatomy in letter identification and important
anatomical features for letter identification. The anatomy of Bengali has been
determined to begin the research. Then, the role of anatomy in letter identification
was evaluated by considering the previous anatomy. Later, the important anatomical
features were identified to propose a guideline for type designers. The guidelines are
the outcome of the synthesis of all the results that came up during these three stages

of investigations.

29

TH-2003_136105001



Research Clarification| 2  Goals

« Scope of developing anatomy for non-Latin.

« The legibility measurement.

« The anatomical features for typeface
legibility.

Literature Analysis

« Latin & Non-Latin typeface anatomy.
« Typeface legibility.

« Letter recognition and design.

Descriptive Study 2  Understanding

« ldentification and naming of letter parts.

« Relation between letter stroke and joinery.

» Anatomical features that have significant
role in legibility.

Analysis
« Analysis of anatomy of Bengali typeface.
« Typeface legibility evaluation.

Synthesis

« Legibility studies of non-Latin script is
taken into account considering anatomy.

« Letter features and design parameters.

Prescriptive Study | #°»  Support

. Create guideline for type designers.

Fig. 1.15: Methodological framework
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Chapter Two

Literature Review

Introduction

The literature of this research focuses on the anatomy and legibility issues of Bengali
scripts. The anatomy and legibility of Latin script have been studied since the
beginning of twentieth century. However, non-Latin scripts have long been a
neglected subject of discourse. The relation between anatomy and legibility of a script
was even far from any discussion. There has been a huge scope to do research with
non-Latin scripts where legibility is a major concern. The purpose here is to identify
the research problem in this chapter. This chapter explains the problem by tracing
the trails in the domain of type design and considering works that have been done in

other areas related to design such as psychology, ergonomics and vision research.

2.1. Typeface Anatomy

Anatomy is the study of bodily structure or structure like entity that involves physical
relationship among body parts (Waugh & Grant, 2001). It is a detail scientific study
of bodily structure and association of structure or structural parts. Anatomy is the
fundamental knowledge of structure that is embedded within the body of a structure.
Typefaces are generally two-dimensional structure or shape that possesses certain
information about what it is. The understanding of shape is bounded by human
knowledge to recognise it (Stiny, 2006). Letters of every typeface have to be within
the limit of identifiable shape that possesses certain anatomy of letters (ibid). Such as
the uppercase letter ‘A’ has two opposite inclined strokes /’ and ‘\’ with a horizontal

stroke ‘~. Letterforms are available today in many different styles. Numerous groups
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can be found such as handwritings, functional scripts and typographical text faces.

According to Adrian Frutiger (1989) —

“Letterforms, shaped and refined through hundyreds of years of use, are today
available to us in many different styles as a means of communication. Numerous
groups can be defined, including handwritings, functional scripts and
typographical text faces. Readers are certainly capable of understanding a
communication in any of these styles, but the extent of their effort to decipher the
content depends in the first place on its degree of importance. ... "Lettering" may
well be a functional commodity, like food, clothing, and shelter, but its attraction
will always lie in its variety of style. It can be assumed that readers remember the
outlines of syllables and words in a kind of skeletal form and that the details
determining the type style are taken in as the "resonance, " which does not disturb
the reading process so long as the typeface as a whole has been designed in

accordance with the basic rules.” (Frutiger, 1989, pp. 199-200)

The text typeface is mostly used for publication to convey the meaning of
presented text successfully. Here, the goal of the study is to improvise the legibility of
the reading typeface and to investigate the anatomy of the letterforms that are used in
text setting. There are different types of letterforms, categorised by researchers and
designers, such as calligraphy, lettering and typeface based on the style and
characteristics. Typefaces are comparable and are designed in structured and

repetitive manner.

The structural formation of a script relies on the tools used during the initial
development of the script. The arrangement of letter strokes reflects the mediums like
stone engraving, calligraphic brushing or Palm leaf lettering used at the primary stage
to develop the script (Naik, 1971; Pflughaupt, 2007; Udaya Kumar, 2010). Latin has
a major history of stone inscription and that has led to the geometric structure of the

letterforms (Meggs & Purvis, 2006). Thus, the vocabulary of anatomy would be
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different for Latin and Indian scripts. The anatomy of Latin typeface is already well-
established (Cheng, 2005). But, the anatomy of the non-Latin typeface including
Bengali is sparsely found in literature. In many cases, it is directly borrowed from the

Latin typeface such as Blob or Rounding, Dot, Stem etc.

2.1.1. Latin Typefaces

There is a long history of typographic culture with the Latin typefaces. The Latin has
well-defined anatomy and the classification of typefaces. The two major aspects of
Latin typeface will be discussed here, the anatomy of letters and classification of

typeface.

The research and development with Latin typeface suggests a well-defined and
functional anatomy of Latin letterforms (Pflughaupt, 2007; Cheng, 2005; Noordzij,
2006; Carter, Day, & Meggs, 2002). Most of the letters are geometric, a
combination of linear and curvilinear strokes. By using repeated comparable strokes
and unique structural arrangement, the letters are formed with less structural
complexities (Cheng, 2005). The anatomy of Latin has been discussed in many
studies. There is plenty of literature available on Latin, but primary literature is very
limited. Karen Cheng (2009) explains that even though anatomy exists in Latin, yet
conflicts occurred in many names within their letter-parts. Different authors have
identified letter-parts in many names. These nomenclatures are developed through
years of practice that lacks scientific rigour (Cheng, 2005). Anatomical features like
Ascender, Bowl, Counter, Descender, Dot, Leg, Link, Loop, Shoulder, Spine, Spur,
Stem, Terminal, Finial and Tail (Fig. 2.1) are few examples that are defined based on
visual appearance of the letter parts (Cheng, 2005; Lupton, 2009; Carter, Day, &
Meggs, 2002; Coles, 2012; Typedia, 2006-2015). The detailed anatomy of Latin

letterforms is explained in Table 2.1.

33

TH-2003_136105001



Beak Counter

Capline ) -
} Upper Lobe
Spine V Stem <—— Waist
Throat }Lower Lobe
Baseline

Bowl Spur )
Tail Leg
Ascender line Terrlpmal Dlgt
EepnE Ear | Shoulder Eye — Ascender Shoulder [
x-height

Aperture

Descender-{—

Baseline

Descender line

Loop

Fig. 2.1: Anatomy of Latin typeface
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Table 2.1: Descriptions of Latin features

Feature Description

Aperture Opening at the end of an open counter.

Arm A horizontal stroke not connected on one or both ends.

Ascender An upward vertical stroke found on lowercase letters
that extend above the typeface’s x-height.

Baseline The invisible line where letters sit.

Bowl A curved stroke that encloses a letter’s counter.

Counter Entirely or partially enclosed space within a letter.

Crossbar A horizontal stroke.

Descender A downward vertical stroke found on lowercase letters
that extend below the baseline.

Diagonal Stroke | An angled stroke.

Ear A small stroke projecting from the upper right bowl of
some lowercase g’s.

Finial A tapered or curved end.

Hairline The thin strokes of a serif typeface.

Hook Descender of letter .

Join Meeting point of lines and curves.

Link A stroke that connects the top and bottom bowls of
lowercase double-storey g’s.

Loop The enclosed or partially enclosed counter below the
baseline of a double-storey g.

Serif “Feet” or non-structural details at the ends of strokes.

Shoulder A curved stroke originating from a stem.

Spine The main curved stroke for capital and lowercase ‘S’.

Spur A small projection from a curved stroke.

Stem Primary vertical stroke.

Tail A descending stroke, often decorative.

Terminal The end of a stroke that lacks a serif.

2.1.2. Non-Latin Typefaces

The anatomy of non-Latin scripts such as Arabic, Chinese and Devanagari are few
such scripts which have received considerable attention from researchers across the
globe (Naik, 1971; Abulhab, 2008; Dalvi, 2009; Jiantang, 2012). Substantial work
has been done in Arabic typeface. The script has the historical background of using

calligraphic tools and is written from right to left in repeated forms. Horizontal

35
TH-2003_136105001



tooth-like appearance and variable or multiple x-heights are the specific
characteristics of this script (Abulhab, 2008; Chahine, 2012). Arabic letterforms are
prominent examples of calligraphic style of writing that has reproduces successfully
from print to digital displays. Chinese letterforms are another example, which has a
long history of printing. The Chinese letterforms are ideographic visual symbols that
express emotion, narrative, and sentiment. Chinese letters are balanced through a
central point of square that visually balances letterforms (Jiantang, 2012). Fig. 2.2

shows the grid system of Arabic and Chinese letterforms compared to Latin.

Latin Arabic Chinese

Capline

I
I
|
Stem Counter Lobe Ear Eye I Dot Tooth Head Stem
!
1
|

gq/s\ul; Jlx

I
Leg  Loop Aperture : Tail

Ascender [:

x-height

Descender [ Baseline [

Vertical Right=lalling

Fig. 2.2: Anatomy of Latin and Non-Latin scripts

2.1.3. Indic Typeface

There are twenty-two official languages in India. Eleven different scripts are used to
write these languages in India (Ghosh P. K., 1983; Sinha R. M., 2009). The Indic
scripts are diverse and also every letterform is different by shape, proportion, height,
width, stroke ratio and path of the stroke (Mohanty, 1998). The overall grammar of
each script is distinct. In spite of such variety, there is not so much of information
available regarding the letterform anatomy and their legibility. Most of the literature
available is on Devanagari script. Devanagari is a widely used script to write Hindi

language which is one of the most largely spoken language in India.

The anatomy of Devanagari letterforms has been studied by many researchers.
One of the pioneers is B. S. Naik (1971), who has extensively worked on Devanagari.

Naik points out several features of Devanagari letterforms like Ikar, Single Matra,
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Hrsva Valenti, Kana, and Hrsva Ukr (Fig. 2.3). The key finding of Naik’s work is
Horizontal grid lines. The seven different Horizontal grid lines are explained that
define the vertical proportion of letters. The grid lines are Rafar line or Top most
line, Matra Line, Headline or Sirorekha, Upper mean line, Lower mean line, Baseline
and Rukar line (as in Fig. 2.3). The main letter-part comes within the upper mean
line and lower mean line. Valenti comes in-between Matra line and Rafar line.
Another researcher, M. W. Gokhale (2004) explains grid system based on stroke
width and body proportion (Dalvi, 2009). Gokhale prepared several horizontal lines,
and the distance between two lines is the stroke width of the letter (Fig. 2.4).
According to Gokhale, the base character height or Headline to Footline can be
divided into eight different parts. The consistency among letter proportion can be

achieved by using these grid lines appropriately.

ANUSVAR min BINDU CHANDRA  SINGLE MATRA  HRSVA VELANTI KANA

MATRA UNE £ 70 .'::_‘.t '_'_'::_‘_-\r' = R i e e --%— o -~—— ~ — - RAFAR LINE
UPPER

T HY _;‘;E?liliif?? 1 e

———————————————————————————————————————————— + RUKAR LINE
HRSVA unla ' co~.:u~c1

Fig. 2.3: Anatomy of Devanagari (Naik, 1971, p. 214).

First, Girish Dalvi (2009) unifies different approaches in defining the anatomy
of Devanagari in a singular form. The author identifies several nomenclatures used by
experts to describe specific letter parts (stroke elements). Often, the same elements
are identified in different nomenclature. Some experts describe certain terms much
more elaborately than others. However, there are certain similarities too, which

ascertain the significant features and divisions of Devanagari letters.

The description of various letter-parts, which are identified by different names,
sometimes appear as same part of a letter. The letter-part that Bhagwat refers to as a
‘loop’, the same is further identified by M. Patel into two types of features — blocked

(filled) loops and open (with a counter) loops. The context of the placing of the loops
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is ‘at the end’ and ‘at the joints’. The same element is identified by type designer M.
Patel as ‘knot’. One of the most important elements of Devanagari script is the Shiro-
rekha or headline which is defined in several ways. One group of authors proposes
two reference lines an upper Shiro-rekha line and a lower Shiro-rekha line. Other
experts propose Headline according to the width and the line that uses the upper

limit of letter-body as a reference named only as Shiro-rekha.

In the division of gridlines, there is a similarity between Bhagwat's work and
the Gokhale’s gridlines. Both of their work is inspired by Naik’s work of defining
guidelines. These scholars have made an effort to come up with an ideal Gridline that
divides the letter into logical parts. The difference between these models are

compared below —

e Upper Matra line, Matra Line (topmost line)

e  Shiro-rekha, Headline (headline)

e Initial line, Upper Mean line (shoulder line)

e Lower Kana line, Baseline, Lower Mean line (foot line)

e  Lower Matra line, Rukar line (extreme bottom line).

FedvEr

qeEr

Fig. 2.4: Gridlines of Devenagari (Dalvi, 2009, p. 32)
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S. K. Mohanty (1998) describes several factors and parameters for typeface
design for Indic scripts. It describes the grid system as well as design strategies for
Indic typefaces. Each letter of every script has a different shape, structure, proportion,
and the way they combine with various consonants to create diversified visual
patterns of letterforms. The author’s designation of the aesthetic quality of a font is
prior to any other factor and it depends on several factors such as the combination of
the various strokes within a letterform, individual strokes, the shape of starting and
finishing off a stroke, stroke path, thickness, texture of strokes, inter-line spacing,
inter-word spacing and inter-character spacing. The author also explains the
calligraphic nature of Indic script due to use of multiple drawing tools. Based on
practice, each 