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Chapter 1

Introduction

1.1 Introduction

Handwriting is one of the most common and oldest expressions of human
behaviors. We learn to write by copying shapes from a standard set of pro-
totype alphabets the copy book. With time, every individual deviates from
the scholarly writing style as a function of personal preferences. These prefer-
ences include shapes of drawing the letters (allographs), presence or absence
of connection between two letters, word and line spacing etc. This allows
handwriting to be used as a biometric modality to identify the author of a
questioned document or verify the authenticity of a document or a signa-
ture [11]. Moreover, studies have shown that handwriting can be effectively
employed to predict a number of demographic attributes of writers including
age group, gender, race and handedness etc. [12]. Handwriting can also be
used as a non-invasive diagnostic tool for prediction of a number of neuro-
logical disorders including Parkinson [10] and Alzheimer [13]. In addition,
psychologists and graphologists exploit handwriting and hand-drawn shapes
to identify the personal attributes of an individual [1, 2].

Analysis of handwriting by human experts is recently being complemented
by computerized analysis using image processing and pattern recognition
techniques. Mature computerized systems have been developed for analysis
of handwriting targeting a number of applications including forensic anal-
ysis, signature verification, handwriting recognition, key-word spotting and
classification of ancient manuscripts. Personality profiling from handwriting
(Graphology) citel,2,3,4,5,6, though a mature area of research in psycholog-
ical studies, has been relatively less explored by the computer scientists and
makes the subject of our study.

11



12 CHAPTER 1. INTRODUCTION

Graphology is a scientific method of identifying the personal attributes
of an individual by analyzing the strokes and patterns in the handwriting.
Handwriting is a complex fine motor skill that involves coordination of brain
and muscles hence often termed as ‘brain writing’. Studies have shown the
existence of correlation between small neuro-muscular movements and per-
sonality traits of a person . A unique neuro-muscular movement is produced
by a neurological brain pattern resulting in a specific stroke in handwriting
and such strokes are found to be common across persons sharing certain per-
sonality attributes [5].

Interest in graphology dates back to more than 400 years back. Camilo
Baldi, known as the father of graphology, carried out systematic observations
of the way handwriting is produced and published the first graphological es-
say in 1622. In the year 1897, it was Abb Jean-Hippolyta Michon who coined
the term ‘graphology’ by merging two Greek words ‘graphein’ (to write), and
‘logos’ (science) [9]. These initial and later studies concluded that handwrit-
ing can reveal a number of attributes of an individual’s behavior, character
or personality. In addition, handwriting also provides an insight into an in-
dividuals intellect, emotional responsiveness and energy, defenses and fears,
motivation, integrity and imaginative power and, aptitude. Graphologists
claim that over 100 individual traits of personality can be revealed through
analysis of handwriting. Exploiting computer algorithms to extract person-
ality traits from writing behaviors can facilitate the task of graphologists and
is the subject of our study.

1.2 Objectives

The key objectives of this study include the following.

e To study the correlation between different writing strokes and person-
ality traits

e To design and implement algorithms to extract useful features from
handwriting which are correlated with personality attributes

e To train classifiers on extracted features making them learn to recognize
different personalities from writing features

e (Collect and label a database of writing samples and establish the per-
sonality profile of the contributors using known methods (question-
naire)
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e Compare the results of personality prediction through writing behaviors
with those realized using established methods

e Conclude the validity of the hypotheses that writing behaviors are in-
dicative of personality traits

1.3 Problem Description

Automated analysis of handwriting enjoys a renewed research interest during
the last few years and offers a wide variety of applications as discussed earlier.
This project aims at a relatively less explored application of handwriting
analysis prediction of personality traits. The proposed system intends to
algorithmically compute a subset of features employed by psychologists for
personality analysis through handwriting.

1.4 Methodology

Differences in personality traits lead to diverse writing styles and features
of handwriting like the baseline, slant, pressure, letter, size, letter spacing,
word spacing, margin etc. can be computed to reveal the personality of
an individual [9]. The unsupervised approaches [1] for personality profiling
from handwriting typically categorize each writing attribute into predefined
classes. For instance, the baseline is categorized as straight, ascending or
descending, the slant is identified as vertical, left or right, pen pressure is
quantified as heavy, medium or light, letter size is considered to be either
small, medium or large and so on. Depending upon the combination of at-
tribute values for each feature of handwriting, a personality profile of the
individual is predicted. Supervised approaches [2, 3], on the other hand, use
a learning algorithm that is fed with different writing features and corre-
sponding personality labels. The algorithm learns to discriminate between
different personality classes and classifies a given writing sample into one of
the learned classes. We intend to follow a supervised approach in our study.
We extract the textural information in handwriting by computing the Local
Binary Patterns (LBP) and Histogram of Oriented Gradients (HOG). The
extracted features are then classified into different personality classes using
nearest neighbor classifier.

A key challenge in developing such a system is to experimentally validate
the proposed ideas. The personality class predicted through handwriting
needs to be validated. For this purpose we employed the well established
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Five-Factor Model (FFM) that is based on the hypothesis that by sampling
language it is possible to derive a comprehensive taxonomy human person-
ality traits [9]. These five factors include the following.

e Neuroticism

Extraversion

Openness

Agreeableness

Conscientiousness.

Using the FFM questionnaire, a personality class is identified for each
individual in our study. Writing sample of the individual is also collected.
The developed computerized system is then used to predict the personality
class and the predicted class is compared with the one obtained using the
questionnaire allowing quantitative analysis of results.

1.5 Project Scope

The project considers only the offline (scanned) images of handwriting. Con-
sequently, online features like writing speed and pressure are not considered
in our study. An individuals personality is categorized according to the afore-
mentioned FFM model and the evaluations are carried out by comparing the
results of the automated analysis with the manual interpretation of the per-
sonal traits.

1.6 Solution Application Areas

The proposed automated handwriting analysis system offers interesting ap-
plications in a number of areas. Computerized personality profiling can be
employed by psychologists and graphologists to efficiently profile their sub-
jects. The system can also be employed for recruitment purposes where the
personality of candidates can be evaluated through their writing samples.

1.7 Tools/Technology

1. Hardware
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e Optical scanner for digitization of handwriting samples.

e Desktop machine for algorithmic development.
2. Software

e Development Platform: CSharp
e Libraries: Accord. NET, Emgu CV

1.8 Organization of Report

This report is organized as follows. In the next chapter, we present an
overview of the notable contributions to computerized prediction of person-
ality from handwriting and related areas. Chapter 3 details the requirement
specifications while Chapter 4 presents the design details of the project. Im-
plementation and algorithmic details are presented in Chapter 5. Chapter 6
presents system testing and evaluation while Chapter 7 concludes this docu-
ment.
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Chapter 2

Literature Review

This chapter presents an overview of significant contributions to comput-
erized analysis of handwriting in general and prediction of personality at-
tributes in particular. Among well-known contributions, Kacker et al. [1]
extract features like page margins, baseline and spacing etc. to predict per-
sonal attributes from images of handwriting. Writing samples were collected
on an A4 page in black ink. The images and digitized and binarized prior to
feature extraction. Image analysis techniques are then employed to extract
the writing attributes. The baseline is computed by calculating the angle
between the page borders and the written lines as illustrated in Figure 2.1.
Authors also compute the ratio of three zones of writing (upper, middle and
lower) as indicated in Figure 2.2.

In another work [2], Kedar et al. carry out a comprehensive review of
personality profiling from handwriting. Impact of writing attributes like

= pr o - —y
o Frsas el -
| ity P
1[ i -
. E
"_ -

Figure 2.1: Computation of baseline angle
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Upper Zone
Middle Zone

Lower Zone

Figure 2.2: Three zones in handwriting

baseline, slant, letter size, word spacing and margins etc. on different as-
pects of personality is studied. Authors identify different types of baseline
including straight, ascending, true ascending, descending, concave, suicidal
or erratic. The interpretations of these different types is summarized in
Figure 2.3. Likewise, the authors identify four classes of slant along with
their interpretations as presented in Figure 2.4. Similarly, different interpre-
tations of margins and sizes are summarized in Figure 2.5 and Figure 2.6
respectively. Authors discuss the different techniques employed for extract-
ing these features and categorize them into statistical, structural and global
transformation approaches. The study concludes that in most cases near to
90% predictions are reported. It is, however, important to note that most
studies simply compute the writing attributes and group writers into person-
alities without actually predicting the personality through other mechanisms
(questionnaires, interviews, psychological tests etc.).

In another work by Prasad et al. [3], six attributes of handwriting in-
cluding letter size, slant of letters and words, baseline, pen pressure, letter
spacing and word spacing are exploited to predict personality. Classifica-
tion is carried out using SVM with Radial basis kernel function. Authors
report experiments on writing samples of 100 different individuals with a
correct classification rate of 94%. Authors in [4] extract a number of writing
attributes and employ a machine learning based technique to identify the
personality of writer. Authors use the Five-Factor model of personality pro-
filing which considers personality attributes like Neuroticism, Extraversion,
Openness, Agreeableness and Conscientiousness. While many studies rely on
text-dependent writing samples, authors in [4] presented a text-independent
approach where writing samples of different writers contain arbitrary textual
content.

In another work [5], Champa et al. present a computerized system to
classify the personal behaviors using baseline, letter slant, pen pressure and
features extracted from the letter ‘i’ and the letter ‘f’. Extracted features
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Type

Personality Traits

Writing Sample

o 2 W

Straight Baseline

Stable outward behavior,
disciplined, realism and
straightness.

Wl [od st d

True Ascending Baseline

Healthv mental energv. Stay
busyv and Active.
Hopefulness & Cheerfulness.
Exclrabllity, euphoria. and
choleric behavior.

False Ascending Baseline

Quitter, Enthusiastic about
hisher goal.

Descending Baseline

Sinking feeling. Purely
physical weakness or
physical or mental tiredness
of a temporarv nature.
Depression & Melancholw.
Pessimistic, Digestive
trouble.

Suicidal Baseline

Suicidal feeling

—
N

Concave Baseline

Enthusiastic at start of the
work, depressive at the
middle and reach to goal at

the end.

="\

Erratic Baseline

Unstable, Moody, can easily
crv and laugh.

Figure 2.3: Different Baselines and their interpretations [2]

Sr.
No.

Type Personality Traits Sample

laziness

Vertical Slant Real feelings, Positive qualities of 1o him
independence, Living in the I e |
present, Cool judgment.
Discrimination and Controlled
emotions. Apathyv. coldness.

Rightward slant | Demonstrative_ Affectionate,
Passionate, Speaks of future,
Compliance. Vision. and
Expressiveness

/.

I, Py 1)
I T AT N AT

]

repression

LeftwardSlant | Avoid emotional involvement in a
situation. Materialistic, Oriented
towards the past, Negative, past,
fear, resistance, doubt and

kn Ol w\\\\. nv\‘\*&

VariantSlant Unstable nature, can not take Ton Mowiad %1, 3

decision correctly

Figure 2.4: Different slants and their interpretations [2]
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are fed to an artificial neural network that learns the recognize different per-

sonalities. Kathait & Singh [6] exploit the analysis of handwriting for career

counseling. The features considered in this study include size, slant, word
spacing, pen pressure, line spacing, upper zone loops, lower zone loops and
page margins. Based on a set of heuristic a personality profile and a career
are suggested for against a query handwriting image.
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Sr. Na. | Type Personality Traits Sample
1 Even Margin all around Narurally appearance-conscions,

Interest mbeaury, design,

svmmetry, order, and balance

2 Overlywide left margin Imaginarv barisr betwean 'l
himself herself and the past. Feals |
thepast.

3 Overly wide right margin Future goals, Imaginary barrier as

to how far cne can get in life. |

4 Crushed nghtmargin Dangerous  impulsiveness. mnot
conscious, do not plan ahead, do
not think. |
5 Marrow margin on left and | Can't prepare himself 1o leave I
right rocm for others. |
| |
L _|
3 Wide upper margin Formal, Fespectful. | |

{official letters) ‘

7 Wide lower margin Afraid of future and not going [
ahead. | |
|
8 Momargin at all Fill every waking moment of vour [ |

lifewith some activity or other, | |
Havea compulsion tobe busvy | |
leaving no time forrelaxation L I
Will do everything to get 1 thing

|h done

Figure 2.5: Page margins and related personality traits [2]

sr. tyoe Personality Traits sample
Mo,
1 Large size | Extroverts, Cannot concantrate on

smell details. Demand space in life,
Lavish, ceramonial, prodigal, and
lusurious, big planners and see things
ina big wav, Boisterous and loud.

2 | Mediumsize | Social and have an average ability to | /0 [ 00 L ool
concentrate on things. Has a need to
conformin all arsas.
3 smallsize | Introversion, Sanse of economy, d \
h Deep concentration Y

Figure 2.6: Letter sizes and related personality traits [2]
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Among other well-known contributions, Rahiman et al. [7] consider per-
sonality attributes like emotional sate, fears, honesty and defenses etc. in the
proposed system termed as ‘HABIT’ (Handwriting Analysis Based Individ-
ualistic Traits Prediction). Like many other studies, this work also considers
the traditional features like slant of baseline, pen pressure, slant of letters
and size of writing etc. Fisher et al. [8] present an overview of the state-
of-the-art systems for automated analysis of handwriting including forensic
applications, prediction of gender and personality.

It is interesting to note that while applications like writer identification,
signature verification and prediction of gender from handwriting have been
considered in a number of studies, prediction of personal attributes has not
been explored to its full potential. In many cases, the features employed in
the aforementioned areas [11, 12] can be adapted for prediction of personality
attributes.
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Chapter 3

Requirement Specifications

3.1 Purpose

The purpose of this chapter is to explain in detail the requirements of the
proposed system to predict personality from offline images of handwriting.
This document will include the working, functionality and the specification
in which the system is intended to work.

3.2 System Overview and Scope

The developed application will rely on offline attributes of handwriting. Per-
sonality of an individual will first be determined using the five factor person-
ality model. The personality predicted from handwriting will be compared
with the one predicted by the model.

3.3 General Description

3.3.1 Product Functions

The developed application will include modules for preprocessing, feature
extraction and classification. Features extracted from images of writing will
be employed to train a classifier. In the evaluation phase, a query writing
sample will be presented to the system which will predict the personality of
the writer in question.

23
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3.3.2 User Characteristics

No specific characteristics are expected from the users of this application.

3.4 Operating Environment

The following features must be installed to execute the developed application.
e Windows

e Visual Studio 2013 or later

3.5 Constraints, Assumptions and Dependen-
cies

e The handwriting sample should containt sufficient text, i.e. 3-5 lines
for correct prediction of personality.

e The individuals contributing writing samples must also fill the ques-
tionnaire of five factor model.

e The images of handwriting are acquired on plain white papers.

3.6 Functional Requirements

The key functional requirements of the system are listed in the following.

e Binarization of digitized images of writing
e Extraction of textural features from images
e Training of classifier using extracted features

e Prediction of personality of a questioned writing sample

3.7 Non-Functional Requirements
The non-functional features of the system are listed in the following.

e Importance: The system will allow automated analysis of handwrit-
ing for prediction of personal attributes.
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e Benefits: The system can be employed in a number of applications
including graphology and career counseling.

e Efficiency: The system is expected to extract features and recognize
personality in an efficient manner.

e Scalability: The system can be scaled to larger datasets.

e Learnability: The system is easy to learn for new users.

3.8 Risks Involved

e Non-availability of sufficient writing samples and corresponding ques-
tionnaires

e Non-availability of sufficient text per writing sample

e Correlation between selected features and personality may not be valid
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Chapter 4

System Design

4.1 Purpose

The purpose of this design document is to explore the logical view of archi-
tecture design, sequence diagram, block diagram, class diagram and activity
diagram of the software for performing the operation such as pre-processing,
extraction, features and display the personality of the text image.

4.2 Scope

The purpose of this design document is to explore the logical view of archi-
tecture design, sequence diagram, block diagram, class diagram and activity
diagram of the software for performing the operation such as pre-processing,
extraction, features and display the personality of the text image.

4.3 Diagram and Methodology

The proposed methodology use some technology to pre-process and fea-
ture extraction to detect and display personality of the text. The proposed
method are of 4 steps:

e Handwriting.
e Pre-processing.
e Feature Extraction

e Learning.

27
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HANDWRITING
IMAGE

PRE PROCESSING

(CONVET IMAGE TO SCALE)

FEATURE EXTRACTION

(GETTING FEATURE)

LEARNING

(MAKING THE §YSTEM TO ADOPT
FACTS)

Figure 4.1: System
Diagram
4.3.1 Handwritng

In this process the persona insert the image in to the system for knowing
there personality.The system will only detect the image if it is in required
format.

4.3.2 Pre-Processing

The pre-processing is a series of operation on scanned image. The role of
pre-processing is to segment the interesting pattern. The pre-processing also
define a compact representation of the pattern. Binarization process convert
an image into binary image then dilation.

4.3.3 Feature Extraction

There are two techniques employed based on the efficiencies obtained, while
training the neural network. They are as follows:

e Feature Extraction based on character geometry.

e Feature Extraction Using qradient feature.

4.3.4 Result

The result or personality is identified by the feature extracted.
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% Upload Image

Usar
PRE
PROCESSING

Figure 4.2: Use case

4.4 Use Case

4.5 Actors

e Users

e System

4.6 Use cases

e Upload handwriting image
e Preprocessing of image

e Feature Extraction

e Learning

e Personality /result

System

29
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Use 1

case ID

Title Upload handwriting image.

Description User insert the image of the handwriting.
Primary

Actor User

Pre-Condition | Image of handwriting

Post-Condition | Upload image

Table 4.1: Uploading image

Use 9
case 1D
Title Preprocessing of image.

L In this the system check the level and scale and
Description .

compute 1t.

izltrg rary System.
Pre-Condition | Successfully upload of image.
Post-Condition | Successfully transformed image.

Table 4.2: Pre-Processing

Use 3
case ID
Title Feature Extraction.
o In this the system extract feature of hand
Description o
writing.
iléltrglfry System.
Pre-Condition | Successfully transformation of image.
Post-Condition | Successfully extraction of features.

Table 4.3: Feature Extraction



4.7. FLOW CHART 31

Use

case ID 4

Title Learning.

Description In this the system,learn the extract features.
izlgg rary System.

Pre-Condition | Successfully extraction of features.
Post-Condition | Successfully system learning about the features.

Table 4.4: Learning

Use 5

case ID

Title Personality /result

Description In this the system,display the respective result of the handwriting.
Primary

Actor System.

Pre-Condition

System must learn the feature .

Post-Condition

Successfully display the result.

Table 4.5: Personality/Result

4.7 Flow Chart

4.8 Component Diagram

4.9 Block Diagram

4.10 Class Diagram

4.11 Activity Diagram

4.12 Sequence Diagram

4.13 Collaboration Diagram
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—
( START
LW
HANDWRITING
IMAGE
il —
e }» .| RESULT
PRE-PROCESSING [DATABASE CLASSIFICATION
I / : ™
rd FEATURE END |
FEATURE EXTRACTION A EXTRACTION Mo — F
y
T y, :
PRE-PROCESSING
LEARNING
i

QUERY

Figure 4.3: FlowChart

USER INPUT SHSTEM,
OUTPUT
HANDWRITING PERSONALITY
IMAGE RESULT
SYSTEM
PER
PROCESSIN
G
FEATURE
EXTRACTION

CLASSIFICATIO
N

Figure 4.4: Compo-
nent Diagram
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HANDWRITING

|

L]
: | CLASSIFICATION
FEATURE /| (TODATA)
EXTRACTION P
/
d RESULT/PERSON
A | CLASSIFICATION ALITY
T | | FEATURE
?ATA_BASEﬂ ‘ ‘ QUERY ‘ -{PRE PROCESSING | oot (ioN ‘
Figure 4.5: Block Dia-
gram
| FEATURE
UPLOAD
EXTRACTION
HANDWRITING | =
IMAGE USING HOG
DISPLAY CLASSIFICATIO
N
RESULT/PERSON PREDICT
ALITY PERSONALITY

Figure 4.6: Class Dia-
gram
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HANDWRIT PRE e
FEATURE T =
NG — PROCESSIN X TRACTION LEARNING —‘| DATABASE ‘
IMAGE G i
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Figure 4.7: Activity
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Figure 4.8: Sequence

Diagram
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HANDWRITNG
USER IMAGE INVERT
CLASSIFICATION EXTRACT DATA

DISPLAY RESULT

Figure 4.9: Collabora-

tion Diagram
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Chapter 5

System Implementation

This chapter presents the algorithmic and implementation details of the ap-
plication. The key steps invovled in processing include preprocessing, feature
extraction and training (classification). Feature extraction relies on consider-
ing each writing as a unique texture. Features computed include LBP (Local
Binary Pattern) and HOG (Histogram of Oriented Gradients). Classification
is carried out using nearest neighbor classifier.

5.1 Tools and Technology

The tools and technologies employed in the development of the application
are listed in the following.

e Visual Studio 2013

e Emgu CV

5.1.1 Visual studio

Visual studio is a notable IDE (Integrated improvement Environment) pro-
vided by Microsoft for developing window based programming application.
Visual studio underpins many programming dialects including VB.NET, Vi-
sual C# and so forth. In our implementation, we have developed the appli-
cation in C#.

5.1.2 Emgu CV

To faciliate loading and processing of images, Emgu CV library has been
integrated with C#.
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5.2 Algorithmic Details

This section presents the algorithmic details of the developed system to pre-
dict personality from images of handwriting. Different key steps including
preprocessing, feature extraction and classification are discussed in the fol-
lowing.

5.2.1 Pre-Processing

Preprocessing, in general, prepares the image for the subsequent step of fea-
ture extraction. In our system, the writing samples are collected on white
pages without any graphics or other noisy components. Consequently, the
preprocessing in our case comprises thresholding the digitized images to ob-
tain binary images and segment handwriting from the background. Since the
images have bi-modal intensity distribution, a global thresholding is applied
to all images to convert them to binary.

5.2.2 Feature Extraction

Traditionally, features like slant, margins, baseline and spacing etc. have
been employed to predict personal attributes from handwriting. In our study,
we consider each writing as a unique texture. To capture the textural in-
formation in the writing, two well-known descriptors are employed. These
include Local Binary Patterns (LBP) and Histogram of Oriented Gradients
(HOG). Each of these are discussed in the following.

Local Binary Patterns

Local Binary Patterns or LBP is an effective textural descriptor that has
been applied to a number of recognition problems. The computation of
LBP involves comparing a pixel with its neighboring pixels. The central
pixel intensity value is considered as a threshold and the neighboring pixels
are assigned binary values (1 or 0) as a function of the central pixel. The
resulting sequence is considered as a binary number and is termed as LBP.
The histogram of these numbers is then employed as a descriptor. Such
histogram can be computed globally from the entire image or locally from
different regions of the image and later concatenating all histograms. The
most common neighborhood in computing the LBP codes is (8,1), i.e. 8
pixels with a radius of 1. This results in 8 bit binary numbers (0 to 255).
Figure 5.1 illustrates the different examples of neighborhoods in computation
of LBP. In our implementation, we consider 8 neighbors for each pixel.
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Thres neighborhood examples used to define a texture
and calculate a local binary pattern (LEF)

Figure 5.1: Different neighborhoods in LBP computation

Histogram of Oriented Gradients

Histogram of Oriented Gradients or HOG computes image gradients locally
using small cells. HOG captures the local gradient information in small
regions of the image, generally known as cells which are grouped into blocks.
Since the dimensionality of the HOG descriptor is a function of image size,
we resize all handwriting images to a fixed size. Figure 5.2 illustrates the
computation of HOG descriptor on a sample image.

: Histogram of Oriented Gradients
Input image

Figure 5.2: Computation of HOG

5.2.3 Classification

Classification is carried out using nearest neighbor classifier. The feature
vector of the query handwriting image is compared with all the feature vectors
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in the reference base. The feature vector reporting the minimum distance is
picked and the personality of the query writer is identified. The personalities
of the individuals in the dataset are labeled through the five factor model
questionnaire.



Chapter 6

System Testing and Evaluation

6.1 Introduction

This chapter presents the details of the tests carried out on the developed
application. The testing is carried out from two perspective. One is the
project testing to study if all implemented modules function correctly. The
other is to study the effectiveness of the proposed scheme in characterizing
the personality attributes from handwriting.

6.2 Testing

Different types of tests are carried out on the system as described in the
following.

6.2.1 Usability Testing

To test for usability, different users were asked to use the application. The
tasks included uploading an image and predicting the personality. The sys-
tem is fairly straight forward to use and no issues were reported by the users.

6.2.2 Compatibility Testing

The system was deployed and tested on machiens with different configura-
tions to test for compatibility.
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6.3 Test Cases

6.3.1 Verification

A number of test cases were designed to check if the different modules are
working properly. These are summarized in Table 6.3.1.

TestID | Test Case Input  Descrip- | Expected  Out- | Pass/Fail
tion put
1 Upload image User selects and | Image should be | Pass
uploads an im- | selected and up-
age of handwrit- | loaded
ing
2 Preprocess Image is pro- | Binarized image | Pass
image vided for pre-
processing
3 Feature Extrac- | Image LBP and HOG | Pass
tion features ex-
tracted
4 Result (Person- Respective per- | Pass
ality) sonality of the
person

Table 6.1: Test Cases

6.4 Experimental Results

This section details the results of experiments carried out to validate the
proposed technique. We first introduce the database employed in our study
followed by presentation of results.

6.4.1 Database

A major challenge in developing such an application is the collection and
labeling of dataset. We collected writing samples from 100 different indi-
viduals. Each individual was required to write a paragraph of text. The
participants were also required to fill the five factor model questionnaire.
The questionnaire was analyzed and scored and each individual was assigned
a personality profile on the five parameters already discussed. Writing sam-
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ples of 80 individuals were used as training (reference) set while those of 20
individuals were employed in the test set.

6.4.2 Results

The results are presented for the five factors Neuroticism, Extraversion,
Openness, Agreeableness, Conscientiousness. Each of these factors is iden-
tified as low or high established through the questionnaire. The predicted
value (low or high) through handwriting is then compared with the true
value. The realized results are summarized in Table 6.2.

Factor High Low

Actual Predicted Actual Predicted
Neuroticism 15 14 5) 5)
Extraversion 18 16 2 2
Openness 15 12 5) 3
Agreeableness 9 6 11 7
Conscientiousness 10 7 10 8

Table 6.2: Results of personality prediction through handwriting

It can be seen from Table 6.2 that for the five factors considered in our
study, the prediction of these attributes from handwriting is indeed very
promising.
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Chapter 7

Conclusion

We presented a system for prediction of personality through computerized
analysis of handwriting. The system relies on a set of image analysis oper-
ations to extract textural features from images of handwriting and predict
the personality. Unlike most of the similar studies on this problem which
carry out a subjective evaluation, we carry out a quantitative evaluation
of the system. A database of 100 individuals is collected where each par-
ticipant filled a standard questionnaire to determine the personality. The
handwriting of these individuals are also collected. Later, the personality
predicted through handwriting is compared with the one predicted through
the established questionnaire. The promising classification rates validate the
effectiveness of the developed system.

The system can be further enhanced by enriching the feature set. In
addition to textural measures, local features can also be investigated. Like-
wise, the present system employs a simple nearest neighbor classifier. More
sophisticated machine learning based classification techniques can also be
employed. Furthermore, the size of the database can be enhanced and addi-
tional personality attributes can also be considered.
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Annexure

Automatic Identification Of Personality Using Writing
Behavior

Questionnaire & Images of Handwriting
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DATE:
GENDER:

AGE:

BIBLIOGRAPHY

Traits

Nei

Mod Inacc

Very Inacc

Easy forming of close
attachment to other people
(affection and friendly)

Preference for the
company of other
(avoidance of being alone)

Tendency to lead and
dominate social situation

(Energetic disposition)
fast paced lifestyle and
propensity toward busyness

Carving for exhilaration
and stimulation
(preference for noisiness)

Tendency to experience
positive emotions inclination
towards optimism

Traits

Very Acc

Mod Acc

Nei

Mod Inacc

Very Inacc

Active,mental life and
strong imagination

Strong appreciation of
art and beauty

Receptive to ones own
feelings and,emotions.

Willing to explore new
places, try new,foods.

Intellectual curiosity; enjoys,
philosophical arguments and
brain-teasers

Ready to explore and evaluate
ones own,social, political,
and religious values
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o1

Traits

Very Acc

Mod Acc

Nei

Mod Inacc

Very Inacc

Inclined to believe
that others are honest

Sincere,and genuine
in expression of opinions
and thoughts

Strongly,moved by

and dedicated to the
promotion of the well-being
of others

Inhibition,of aggression,
deference to others in
interpersonal conflict

Humbleness,in speaking
of own accomplishments

Concerned,about others

Traits

Very Acc

Mod Acc

Nei

Mod Inacc

Very Inacc

Capability,to deal with
life challenges and hardship

Neatness
in living

Dutifulness

Willingness,to work hard

Ability,to follow through
with tasks and limit
distraction

Tendency,to carefully
contemplate decisions
before acting
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Traits Very Acc | Mod Acc | Nei | Mod Inacc | Very Inacc
Fearfulness,tenseness,
restlessness

Tendency,to experience
frustration and bitterness,
as well as anger

Propensity,to experience
depressive symptoms,
such as loss of energy,
diff in sleep

Frequent
experiences of
shame and embarrassment

Inability
to control cravings or urges

Dependence,on
others for support
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