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ABSTRACT 
 

We aim to build an interface which would be a step towards better training tools for children 

with learning disabilities. The interface would contain games and tasks and would decide 

relevant tasks for the subject by analysing the EEG maps of his brain. Learning through 

gaming would be a way in which a child can learn without anxiety which is generally 

present in such kids when they learn along with their peers and tutors.  

 

The tasks would be embedded in theme based games for keeping the child motivated. The 

questions which would be of arithmetic or language etc. would be part of the game in such a 

way that he has to answer to unveil something/go ahead. There would be helplines which 

can be availed if the child doesn’t know the answer to the question.  

 

As interactive 3d game building is a tough task for naïve game developers like us, we have 

currently done the experiments with controls trying to find the EEG patterns while 

performing arithmetic calculations and other related tasks.  

 

EEG patterns have been analysed using discrete wavelet transform to find the time frequency 

relationship of the stimulus with the EEG.  
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Chapter – 1 

Introduction 
  

1.1 Motivation  

What made us choose the work we did?  

Somehow we were bent towards working in an area in which we could have a humanitarian 

mission associated with a scientific study. 

 We chose to work towards developing remedial tools for those who suffer from brain 

disorders; as it struck to us as more critical than other issues that we considered working in. 

Previously, one of us has had the experience of visits to the home for the mentally 

challenged, which makes us realize how important the health of our brain is for us; in spite of 

which there is a little window of cure and remediation open in the developing world. As it 

comes, in many of the disorders of the brain, say for eg. Epilepsy, the medication today just 

helps in controlling the symptoms and not in curing the disease.  There are others like autism 

about whose origin and remediation, very little is known. 

The human brain is by far the most complex system that we have known. It is a structure of 

10^11 nerve cells or neurons and their synaptic connections (just to mention, around 10^15). 

The brain, unlike other organs, has a feature called plasticity or the ability to mold with 

experience, simply the ability to change the connections within the neurons depending on the 

interactions with the outer world.  Now that’s something which gives us hope!  

We chose to work in the area wherein we could develop training tools which would have the 

potential, after some intervention, to alter the brain state in case of individuals who suffered 

from some diseases. Learning disability, which is not a very severe brain disorder, is found to 

affect individuals with a normal IQ, those who have a specific inability to phonological 

awareness(dyslexia), number sense(dyscalculia) to mention a few. To us it seemed quirky 

that an otherwise normal brain could have such highly specific inability in functioning, and 

so we set out to build some training tools through which we aimed to nurture the developing 

brain in ways that it could learn better! 
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1.2 Objectives 

We aim at developing fully fledged interactive systems for children with learning disabilities 

to help them learn in a way that they are comfortable with.  With an integrated feedback in 

form of the activity of the child’s brain we intend to automatically tailor the learning process 

through various games, which would, at first, reduce the level of anxiety, generally associated 

for such children while learning along with peers or tutors; and secondly would make the 

learning process enjoyable through various games, which wouldn’t bear the look of a typical 

educational game, but would be wrapped around some story, or some other theme.  

 

The skills that would be developed eventually can help children in acquisition of written 

language and arithmetic. 

 

1.3 The Problem Statement and The Model 

More precisely what question we tried to address and how did we proceed.. 

The aim of the project is to build an interface which could act as a tutor for developing math 

and language skills in children who have some form of learning disabilities.  

The interface would contain a galore of tasks and games each with a number of levels within. 

The levels in the game would be changed by monitoring several features of the real time EEG 

signals captured.  

Our focus is to study the differences in the EEG patterns in control and study population 

while they solve different problems related to math and language.  

Also, how parameters like attention, practice, motivation affect the neural signals associated 

with such cognitive tasks.  
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Figure 1(a) System Block Diagram 

 

 
Figure 1(b) A cartoon describing the proposed idea 

 

1.4 Application Areas 

Such a system would be an aid for special education requirements for special need 

children. It could also be used as a screener for testing of a learning disability. Many a 

times, it is something else an issue, which is misdiagnosed as a learning disability by 

certain psych educational assessment tests. The error in diagnosis could be reduced, 

atleast in dyslexia, by providing games in different languages to check whether the 

child performs well in a certain language or has difficulties in general with any of the 

languages; unlike the paper-based tests which are generally offered in English.  



7 
 

Apart from this, it could be used as a learning tool as well as a gaming tool for normal 

children as well.  

1.5 Design Constraints 

The EEG acquisition machine which we used for our experiments is medical EEG 

equipment and we faced difficulties getting the APIs of the software. So some of our 

ERP (Event related Potentials) experiments which we planned to conduct online 

weren’t possible due to the timing lag offered as we couldn’t change much of the 

software that came along. We could take data, and analyze it, offline.    

As electronics engineers, building 3d interactive games was a big challenge. All we 

could make is boring 2d games. Later, we did start working on 3d gaming engines 

along with a friend in the CSE Dept.; and tried to build atleast something that we 

eventually want to get deployed; but there’s still a long way to go in making good 

games!  

Most of the complex cognitive tasks are these days are measured using imaging 

techniques like PET, fMRI etc. In EEG, most of the experiments related to cognition 

are of Event Related Potentials (ERPs) wherein the same stimulus is given over time 

and then the epochs are averaged to get good data. In our experiments, as we want 

real time game control via EEG, ERP experiments won’t work as there would never 

be exactly the same stimulus appearing in the game again, so it would be the analysis 

of running EEG which is quite difficult.   

 

1.6 Flow of the work  

We started with EEG experiments during different movements, to find the patterns 

underlying certain typical movements of the fingers, fist, ankle. Then we switched 

over to experiments more relevant to our game tasks, so we conducted a reading test 

for school children of class 1. The medium of education was the same as their mother 

tongue, Gujarati in our case. The kids were pretty good at language and arithmetic so 

to find a bunch of children with learning disability would have been quite a task for 

us, so we went to a special school in the city, for learning disabled children and 
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conducted few experiments which were embedded within a theme. Our findings were 

that it was difficult for us to keep the children linked to the task until we built games 

that were visually appealing. Few of the kids performed quite well, others reached the 

level at more than one trial. If they paid attention, they could manage. So we needed 

better games with tasks embedded within. 

 In the meanwhile, we designed some tasks related to simple arithmetic and conducted 

experiments with subjects from the college. Analysis revealed some common features 

across the subjects and some features that were specific to subjects as well.  
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Chapter – 2 

About the Brain: Structure, functions & disorders  

2.1 Some facts 

 The brain is a part of the central nervous system(CNS).  

 The CNS is usually considered to have seven basic parts: the spinal cord, the 

medulla, the pons, the cerebellum, the midbrain, the diencephalon, and the 

cerebral hemispheres. 

The position of major structures in the brain is shown in figure:  

 

Figure 2(a): Position of major structures in the brain   

[Courtesy of “Principles of Neural Science”, 3rd edition] 

 As mentioned earlier, Brain consists of 100 billion neurons and their connections.   

 It is encased within the skull and humans have the most complicated brain 

structures.  

 In normal human adults, it weighs around 3 pounds.  
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 The brain is divided in 2 hemispheres; the left and the right; which are not 

functionally symmetric. Both are connected to each other by a bunch of fibers 

called the corpus callosum.  

To be able to appreciate some of the works described ahead, it would be necessary to 

understand the know-how of anatomical axes.  

Refer figure 2(b). 

  

Figure 2(b): Anatomical axes 

[Courtesy of “Neuroscience”, 3rd edition] 
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Figure 2(c): The major planes of section used in cutting/imaging the brain 

[Courtesy of “Neuroscience”, 3rd edition]  

2.2 EEG Signals and behavior:  

Electrical recordings from the surface of the brain or even from the outer surface of 

the head demonstrate that there is continuous electrical activity in the brain. Both the 

intensity and the patterns of this electrical activity are determined by the level of 

excitation of different parts of the brain resulting from sleep, wakefulness, or brain 

diseases such as epilepsy or psychoses. [1] 

The intensities of brain waves recorded from the surface of the scalp range from 0 to 

200 microvolts, and their frequencies range from once every few seconds to 50 or 

more per second. The character of the waves is dependent on the degree of activity in 

respective parts of the cerebral cortex, and the waves change markedly between the 

states of wakefulness and sleep and coma. [1] 

2.2.1 Origin of EEG  

The electrical activity of the EEG is an attenuated measure of the extracellular current 

flow from the summated activity of many neurons. However, not all cells contribute 

equally to the EEG. The surface EEG predominantly reflects the activity of cortical 
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neurons close to the EEG electrode. Thus deep structures such as the hippocampus, 

thalamus, or brain stem do not contribute directly to the surface EEG. [2] 

Because the electrical activity originates in neurons in the underlying brain tissue, the 

waveform recorded by the surface electrode depends on the orientation and distance 

of the electrical source with respect to the electrode. [2] 

 The EEG signal is inevitably distorted by the filtering and attenuation produced by 

intervening layers of tissue and bone, which act like resistors and capacitors in an 

electric circuit. Thus the amplitude of EEG potentials (microvolts) is much smaller 

than the voltage changes in a single neuron (millivolts).[2] 

Before discussing the EEG patterns associated with the different states of the brain, an 

introduction to the different lobes of the brain would come handy. 

In each of the brain's two hemispheres the overlying cortex is divided into four 

anatomically distinct lobes: frontal, parietal, temporal, and occipital (Figure 1(a)), 

originally named for the skull bones that encase them. 

 

 

Figure 2(d): The four lobes of the cerebral cortex    

[Courtesy of “Principles of Neural Science”, 3rd edition] 

In normal healthy people, most waves in the EEG can be classified as alpha, beta, 

theta, and delta waves, which are shown in Figure 2(e). 
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Figure 2(e): Different types of waves in the normal Electroencephalograph 

[Courtesy of “Textbook of medical physiology”, 11
th

 edition] 

 

 

2.2.2 EEG Waves and the physiological states  

Alpha waves are rhythmical waves that occur at frequencies between 8 and 13 

cycles per second and are found in the EEGs of almost all normal adult people when 

they are awake and in a quiet, resting state of cerebration. These waves occur most 

intensely in the occipital region but can also be recorded from the parietal and frontal 

regions of the scalp. Their voltage usually is about 50 microvolts. During deep sleep, 

the alpha waves disappear. 

When the awake person’s attention is directed to some specific type of mental 

activity, the alpha waves are replaced by asynchronous, higher-frequency but lower-

voltage beta waves. 

Beta waves occur at frequencies greater than 14 cycles per second and as high as 80) 

cycles per second(in some texts, beta waves are considered upto 30 Hz and waves 
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with higher frequencies termed as Gamma waves. They are recorded mainly from the 

parietal and frontal regions during specific activation of these parts of the brain.  

Theta waves have frequencies between 4 and 7 cycles per second. They occur 

normally in the parietal and temporal regions in children, but they also occur during 

emotional stress in some adults, particularly during disappointment and frustration. 

Theta waves also occur in many brain disorders, often in degenerative brain states. 

Delta waves include all the waves of the EEG with frequencies less than 3.5 cycles 

per second, and they often have voltages two to four times greater than most other 

types of brain waves. They occur in very deep sleep, in infancy, and in serious organic 

brain disease. [1] 

 

2.2.3 Electrode placement in EEG Experiments 

The standardized placement of scalp electrodes for a classical EEG recording has 

become common since the adoption of the 10/20 system. The essence of this system is 

the distance in percentages of the 10/20 range between Nasion-Inion and fixed points. 

These points are marked as the Frontal pole (Fp), Central (C), Parietal (P), occipital (O), 

and Temporal (T). The midline electrodes are marked with a subscript z, which stands 

for zero. The odd numbers are used as subscript for points over the left hemisphere and 

even numbers over the right. [3] 
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Figure 2(f): The 10-20 system of electrode placement 

[Fig 2(f) & 2(g): Courtesy of [3]] 

 

Figure 2(g): Top view of 10-20 system of electrode placement 
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2.3 Brain Disorders  

 More than 600 kinds of brain disorders have been identified till date, though not one brain     

disorder is fully understood.   

 

  

Parkinson ’s disease        Autism    Stroke  

    Agnosia    

 Epilepsy  Alzheimer’s disease  ALS  tinnitus 

       Chronic pain 

Addiction    Schizophrenia   Depression 

  Dementia      Aphasia 

Anxiety   spinal cord injury    sleep disorders 

Learning disabilities    Rett syndrome 

  Cerebral Palsy   …           
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2.3.1 Overview 

The brain is a huge mass of cells and their connections which give rise to complex functions 

and behavior. Many times, the cells die or the connections go awry resulting in some kind of 

dysfunctioning.  

In disorders like Alzheimer’s, which is a degenerative kind of disorder, there is a decline in 

cognitive abilities with aging such as decision-making and language skills, and problems in 

recognizing familiar people; in autism, which is understood as a neurodevelopmental 

disorder, the individual has a severe and sustained impairment in social interaction and 

follows a restricted pattern of behavior and interests.  

There is no cure for most of the brain disorders that are being identified. A lot of research in 

the field of neuroscience is being done in the direction of finding the origin of brain 

disorders, the manifestations of the syndromes and finding treatments for them.   

Here,we would like to discuss in some details about the learning disabilities.  

2.3.2 Learning disabilities  

Learning disabilities are disorders that affect the ability to understand or use spoken or 

written language, do mathematical calculations, coordinate movements, or direct attention. 

Although learning disabilities occur in very young children, the disorders are usually not 

recognized until the child reaches school age. [4] 

Origin:  

There is little know-how about the exact cause of a ld.  

Cognitive features: What is LD and what it is not. 

A Learning disability covers several domains, such as: 

 Gross and Fine Motor Skill 

 Language 

 Reading 

 Written Language 

 Math 
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 Social/Emotional 

 Attention  

Intellectual disabilities (once referred to as mental retardation), autism, deafness, 

blindness, behavioral disorders, and ADD/ADHD are not learning disabilities; however, 

these conditions are frequently confused with LD. [5] 

Treatment:  

The most common treatment for learning disabilities is special education. Specially trained 

educators may perform a diagnostic educational evaluation assessing the child's academic and 

intellectual potential and level of academic performance. Once the evaluation is complete, the 

basic approach is to teach learning skills by building on the child's abilities and strengths 

while correcting and compensating for disabilities and weaknesses. Other professionals such 

as speech and language therapists also may be involved.  [4] 

 

2.3.3 Dyslexia (Developmental reading disorder)  

It is a reading disability that occurs when the brain does not properly recognize and process 

certain symbols. The disorder is a specific information processing problem that does not 

interfere with one's ability to think or to understand complex ideas. DRD may appear in 

combination with developmental writing disorder and developmental arithmetic disorder. All 

of these involve using symbols to convey information.  [6] 

Symptoms:  

A person with DRD may have trouble rhyming and separating sounds that make up spoken 

words. These abilities appear to be critical in the process of learning to read. A child's initial 

reading skills are based on word recognition, which involves being able to separate out the 

sounds in words and match them with letters and groups of letters. 

Because people with DRD have difficulty connecting the sounds of language to the letters of 

words, they may have difficulty understanding sentences. 

True dyslexia is much broader than simply confusing or transposing letters, for example 

mistaking ”b” and “d.". 
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In general, symptoms of DRD may include: 

 Difficulty determining the meaning (idea content) of a simple sentence 

 Difficulty learning to recognize written words 

 Difficulty rhyming      [6] 

 

There are theories which propose that there are deficits in visual / auditory processing in the 

affected population, whereas others profess that the deficit is in sensory integration. 

2.3.4 Dyscalculia:   

Dyscalculia is a specific learning disability (or difficulty) in mathematics. It was originally 

defined by the Czechoslovakia researcher Kosc, as a difficulty in mathematics as a result of 

impairment to particular parts of the brain involved in mathematical cognition, but without a 

general difficulty in cognitive function.  [7] 

What all definitions have in common is 1) a presence of difficulties in mathematics, 2) some 

degree of specificity (ie. lack of across the board academic difficulties) and 3) the assumption 

that these are caused in some way by brain dysfunction. [7] 

 

LD in the Indian scenario:  

Learning disabilities such as dyscalculia have a lot of cultural influences, with dependencies 

on the orthography of the language being acquired.  

A language such as the ones developed from the devanagari script (such as Hindi, Gujarati 

etc.) have a very shallow orthography compared to English.  

PET studies of Italian dyslexics, who use a script with shallow orthography which facilitates 

reading, showed that they did better on reading tasks than English and French dyslexics. [8] 

In most schools in the urban part of the country, education is imparted in English and the 

children, most of them, have a non-English native language.  So a logical treatment for 
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children in the country who are diagnosed with Dyslexia would be to impart education in the 

native language rather than in English.  

Though other disabilities such as dyscalculia which is related to difficulty in number 

processing, we could think of methods which could be applied to populations cross-

culturally. 

2.3.5 Existing technological tools 

Dyslexia:  

Intel Reader: It enhances independence for people with reading-based learning 

disabilities such as dyslexia, or low vision, or blindness by providing convenient and 

flexible access to a variety of printed materials. It combines a high-resolution camera 

with the Atom™ processor that converts printed text to digital text.   

 

Figure 2(h): Intel reader 

[Courtesy of Intel
®
] 

The piece of technology comes at a quite high amount (approx. 1500 USD). 

Dyscalculia:  

For the people having difficulty in apprehending numbers and doing arithmetic, we 

have our good old calculators!  
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Though technological platforms are being made to aid people with specific 

disabilities, we still need good training tools for teaching such population.  

 

2.4  Functional localization of areas related to arithmetic 

Most of the studies related to cognition, especially arithmetic tasks, are carried out using 

imaging techniques like fMRI and PET etc. as it is difficult to localize in space and time 

simultaneously the activity linked to a stimulus, in surface EEG. Moreover involvement of 

structures deep in the brain, which do not contribute to the scalp EEG, cannot be studied 

properly without techniques which can image the brain in 3dimensions with good temporal 

resolution.  

One of the fMRI studies [9] carried out to know the neural correlates of strategy changes in 

children, following acquisition of arithmetic skills, showed the contrast in brain responses 

between two groups of children who relied primarily on either retrieval or procedural 

counting strategies. Children who used retrieval strategies showed greater responses in the 

left ventrolateral prefrontal cortex, following univariate analysis. Multivariate analysis 

showed distinct multivoxel activity patterns in bilateral hippocampus, posterior parietal 

cortex and left ventrolateral prefrontal cortex regions between the two groups. 

EEG studies, whatever have been done, are mostly Event related potential studies. They are 

voltages evoked due to the stimulus presented. But such a potential is generally found to be 

of very low voltage (a few microvolts) which generally would be hidden under the on-

going EEG activity. Thus a lot of trials are performed and then averaged to remove the 

background EEG noise and find the ERP.  

In the ERP tasks related to arithmetic cognition, many studies have been done wherein the 

subjects have to decide whether a given number is less than or greater than a particular 

number; and neighbourhood effects are studied.  

In our idea, there would be hardly any scope of ERPs, as repeated stimulus of the same kind 

would hardly be presented in the game.  
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Chapter – 3 

Electroencephalography Experiments 
 

3.1 Initial experiments  

3.1.1 EEG patterns of movement tasks 

The very initial of our experiments were pertaining to understand the nature of the EEG 

signals during different movements. 

We wanted to see if we could find any kind of patterns in the EEG while performing 

movements of the fingers or wrist, or tongue or different facial expressions.  

The EEG recording was done on the clinical Neurosoft EEG acquisition machine at Dr. 

Ritesh Shah’s clinic. The electrodes were closely arranged on the scalp above the motor strip.   

 

 

Figure 3(a): The EEG acquisition apparatus at the clinic 

One of the earliest experiments was done on Nirzaree and Varsha. Then after we did all our 

experiments on right handed students, but both of the initial subjects are left-handed.  
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Figure 3(b): Varsha during the early EEG experiments 

It was difficult for us to simply observe any kinds of patterns in different movements and 

facial expressions.  

Then we decided to move on to tasks that were actually going to make sense in our game 

designs rather than simple limb movements etc.   

3.1.2 Reading test for school students 

We were then thinking on a general gaming interface which would cater to children having 

dyslexia, dyscalculia, ADHD and not for just a specific learning disability, as generally they 

are not observed in solo.  

Indian languages have a shallow orthography, in simple words, meaning that each 

akshar(analogous to an alphabet) has a distinct sound, and it is generally less confusing to 

spell a non-word or a novel word in Hindi or any other Indian language than to write it in 

English.  

For eg:  

So the next logical step is to teach an Indian language to a dyslexic Indian child, rather than 

training in English. Most of the schools in urban India have English as the medium of 

instruction and Surat is no exception. And most of the Indians in the urban areas are 

bilinguals at-least, with a grasp over their mother tongue and either Hindi/English.  The 
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development of language in bilinguals is more complex than mono-linguals in terms of which 

language they learnt first, the differences in orthography of the languages etc. So we decided 

to have a reading test for mono-lingual children in the city, followed by a test on kids of class 

1, at Bhulka-bhavan school, a school whose medium of instruction is in Gujarati and most of 

the children studying there speak Gujarati at home as well.  

We prepared a list of words which a class 1 kid would be aware of, taking help of school 

teachers. We also had some non-words, and simple sentences.  The child had to read the 

words in front of the screen and we noted down those in which the child took more time, or 

was unable to read.  

Some of the items in the reading test are shown in the table 3(a).  

Observations 

To our pleasant surprise, almost none of the 20 children whom we had randomly chosen from 

one of the classes of Level 1 in the school, had any considerable difficulty in reading the 

items put in the test. They took more time to read a non-word than a word but almost all of 

them could read most of the items! Also the school principal said that almost 1child in 100 

suffered from problems in reading, and special care was taken for such a child. So for 

children studying in a language which was their mother tongue as well, formal education of 

language is not too tough. 
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Figure 3(c): Students of class 1, Bhulka bhavan , Surat 

 

Figure 3(d): A child participating in the reading test at Bhulka bhavan  

Words: 

માત્રા વગરના શબ્દો:  ફળ, રથ, અક્ષર… 

માત્રા વાળા શબ્દો:  દાડમ, ઔષધી, ઉંદર, ઉદર.. 

Non-words:  

અથથ વગરના શબ્દો:  અઢચક, ચચછીનદુીચકંંનચં.ે. 

Phrases:  

રક્ષા બધંન, ચપળ ચિસકોલી..  

Small sentences:  

નાના વાક્યો: ગાધંી બાપ ુઆપળા રાષ્ટ્રપપતા છે, મને પતગં ઉડાવવી ઉડાડવી બહ ુગમ.ે  

Table 3(a): Excerpt of the items in the reading test for Class 1 kids 
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For the complete details of the screening test, please refer appendix 2.  

 So we realized that in case we had to work on children with learning disability in language, it 

would certainly take screening a couple of hundreds of children in normal schools. And so we 

started looking for special education centers and schools to be able to shorten the span to 

come to the kind of population that we wanted to address.  

3.2 Experiments with special need kids 

We met several special educators to know about how the diagnosis is done and how is the 

treatment provided for special need kids. One of the schools, in which we continued our work 

later, was “Prayās”, a special school for children with learning disabilities.  

All the children have their psycho-educational assessment done before they are admitted to 

the school. The Head of the school, Mrs. Balasaraswathy and her team of teachers are 

working towards better training methods for teaching these children. They have introduced 

novel activities in teaching, like cooking, to teach sequential tasks. There is a special 

exchange program in which a few of these children are put in mainstream schools to see if 

they can cope up there. The school follows the NIOS (National Institute of Open schooling) 

board’s curriculum. But again, the medium of instruction is English unlike the language 

spoken at homes for all the children, which is either Gujarati or Hindi. 

We studied the medical reports of the children and found that many of them had an IQ in the 

range of below average to average, ruling out the possibility of learning disability, by 

definition, which reqiures that the child has a normal IQ. But a few of them, did have above 

average IQ, and still had a learning disability mentioned in their reports. We began with 4 

such children for tasks which would test their visual and auditory discrimination skills. The 

age group of the target population was restricted between 8-13 years. 
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Figure 3(e): A student of Prayas getting started for the tasks at the clinic 

 

The tasks were designed to gauge and improvise their visual and auditory skills which form 

the basic inventory for learning any language. A simple reading task followed these tasks, 

with an aim to find out the parts in the brain involved in the function of reading as well as the 

problems these children face while reading. This reading task also aimed at deciding the level 

of these kids with respect to reading and comprehension skills in English. A powerpoint 

presentation took the kids through these tasks one by one. Electrodes were placed as per the 

10-20 system on their heads for the entire period. 

 

Clinic Makeover!    

The idea of EEG may scare little kids so we thought of making the clinic look like a play-

station! The recording session was a game playing with the theme of “exploring the world!” 

We put up few posters of different places and one of a big globe, as the children were told 

about what kind of games they should play to help 2 kids who are on a world trip and who 

need help with reading maps at different places and also help in solving some cues!  

[For a visual experience on the kind of make-over and activities that we did in the clinic, refer 

to the appendix.] 

  

3.2.1 Visual discrimination task 
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The subjects were presented with two images broadly similar and they had to spot the minute 

differences between them. The corresponding images used are shown in fig.4(k) 

 

 

Figure 3(e): Items in the visual discrimination task 

The images were shown one pair at a time, the next pair shown when the children had spotted 

all the differences.  

Spot the differences (Visual Discrimination task) 
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3.2.2 Auditory discrimination task:  

Auditory discrimination involved 2 different activities. 

 Identifying the no. of distinct sounds in an audio cue:  An audio cue containing 

different alphabetic sounds was presented to the kids and they had to keep a count of 

how many distinct sounds could they hear.   

For eg: Pa Pa Pa Pa Pha Pha Pha Pha   This pattern has 2 distinct sounds  

The audio cues were typically about 20 seconds each and the subjects had to close 

their eyes and listen through the earphones.  

 

 

 Identifying a different sound from continuous background sound: The subjects had to 

count how many times a different sound appeared amongst the continuous 

background monotonous sound.  

For eg: Ka ka ka ka kha ka ka ka kha ka ka ka…  This had 2 instances of the “kha” 

sound during the continuous background of ka.  

 

3.2.3 Observations & conclusion 

The children performed well in the tests except the ones who did not pay much attention to 

the audio cues in a single trial, but when instructed to attend more, to the cues, performed 

well. The reason for low attention or diversion of attention could be the low visual appeal of 

the tasks, which were told to them as ‘games’!  

We were quite surprised how they had a learning disability inspite of their good performance 

in the tasks.  

The next thing we tested was their performance in the mother tongue Gujarati, which was 

quite well, in reading and writing. Their difficulties were in English which could have been 

due to a multitude of reasons, ranging from less amount of exposure to English in the 

environment outside school to, in some cases, initial education in Gujarati medium schools, 

etc.  

It was quite a tricky situation, as we thought that these children should continue education in 

their native languages so that they could get rid of the academic anxiety; counterview to the 
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teachers who thought maybe they would need to learn English to survive in the present 

scenario in the country.  

 

But we were quite pleased to know that reading and writing in an Indian language was 

comparatively easy for these children, so there is a scope of alternative educational methods 

to teach them. 

3.3  More tasks & experiments 

In the meanwhile, we conducted several experiments on control population, mostly our batch 

mates, the students from final year of Electronics Engineering Dept. at NIT, Surat.  

We wanted to see the EEG while there was mental calculation going on. We wanted to know 

whether it was similar to retrieving a fact or was it done each time we hear a 3+2. So we 

conducted a control task consisting of purely factual questions, to know the difference in the 

EEGs during both of these tasks.  

The mental calculation comprised of single digit & 2 digits arithmetic, as we wanted to 

embed such kind of questions, later into games.  

The tasks got tuned along with more experiments so some EEG recordings weren’t analysed. 

For the final task designs, data from 5 subjects was collected. (Mean age: 21 years, all right 

handed males) 

Here are some more details about the tasks and the recordings:  

 

3.3.1 Trivial calculation task 

 

Recording duration:   7.5 minutes (2 min of baseline + 3.5 min of task + 2 min baseline                                       

recording) 

 

Recording equipment: Neurosoft 21 channel EEG acquisition machine 

 

Electrode placement:  According to the 10-20 system 

 

Instructions to the subject: Relax on a chair with eyes closed and earphones attached. On the 

onset of the 3
rd

 minute, a tone saying ‘alert’ would be heard. 10 sec after the ‘alert’, the 1
st
 

question would be heard. The answers have to be vocalized without any unnecessary head 
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movements. The duration of each question is about 2 sec, and inter question interval is of 10 

sec.   

There are a total of 20 questions and the total duration of task is thus 3 min 30 sec (Initial 10 

sec gap + (10 sec for each question x 20)) 

 

 

 

Figure 3(g): The questions in the ‘Trivial calculation task’ along the timeline 
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3.3.2 Trivia task 

 Recording duration:   6 minutes (2 min of baseline + 2 min of task + 2 min baseline                                       

recording) 

 

Recording equipment: Neurosoft 21 channel EEG acquisition machine 

 

Electrode placement:  According to the 10-20 system 

 

Instructions to the subject: Relax on a chair with eyes closed and earphones attached. On the 

onset of the 3
rd

 minute, a tone saying ‘alert’ would be heard. 10 sec after the ‘alert’, the 1
st
 

question would be heard. The answers have to be vocalized without any unnecessary head 

movements. The duration of each question is 2 sec, and inter question interval is of 10 sec.   

There are a total of 11 questions and the total duration of task is thus 2 minutes (Initial 10 sec 

gap + (10 sec for each question x 11)). 
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Figure 3(h): The questions in the ‘Trivia task’ along the timeline 

 

There were 2 other tasks which were taken along with the trivial and trivia tasks.  

One task was called the ‘Direction sense’ task and the other was the ‘Attention monitoring’ 

task.  
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We wanted to know how are the brain signals when we are trying to understand directions 

and the 3-d space. Such kind of situation is common in quite day-to-day life for e.g., when we 

are trying to make a map of directions to take on the road towards the destination from where 

we are currently.  

We wanted to know the EEG while performing these tasks. The concept of a number-line is 

taught quite early in arithmetic to students, so we wanted to know what kind of the brain 

signals appear when we are trying to solve a number-line problem and are there any variants 

in the EEG for children who have difficulty in math.  

 

The details of the task are as given below:  

 

3.3.3 Direction sense task 

 Recording duration: 7 minutes 10 sec (2 min of baseline + 3 min 10 sec of task + 2 min 

baseline recording) 

 

Recording equipment: Neurosoft 21 channel EEG acquisition machine 

 

Electrode placement:  According to the 10-20 system 

 

Instructions to the subject: Relax on a chair with eyes closed and earphones attached. On the 

onset of the 3
rd

 minute, the task would begin.  

The questions would be word-problems related to number-line in 1-d, 2-d and later in 3-d 

geometry.  

The answers have to be vocalized without any unnecessary head movements. There is no 

fixed interval between questions in this case, but there would be a gap of 3 seconds after a 

question is asked, until the audio resumes to the next question.  

The questions are linked, so pay attention to the questions from the beginning.  
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Table 3(b): An excerpt from the transcript of ‘Direction sense’ task 

 

3.3.4 Attention monitoring task 

The task is similar to that taken by A. Delorme et al, [10].  

The details are as given below:  

 

The subjects were asked to keep a count of their breath, from 1 to 100. Whenever they 

realized they had lost the count, they had to press a button, and restart the counting.  

 

Recording duration: 19 min (2 min of baseline + 15 min of task + 2 min baseline recording) 

 

Recording equipment: Neurosoft 21 channel EEG acquisition machine 

 

Electrode placement:  According to the 10-20 system 

 

Instructions to the subject : Relax on a chair with eyes closed. At the onset of the 3
rd

 minute, 

an instruction ‘Task’ would be heard, when you have to start the breath count.  
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Whenever you realize that the attention has diverted from the task, press the ‘Q’ key on the 

keyboard, on which you have to place one of the fingers since the beginning of the task. After 

the key press, the count is restarted. The positioning of the finger doesn’t cause any kind of 

strain so that the attention would not be towards the position.  

After 15 minutes, a ‘relax’ instruction would be given, following which the counting has to 

be stopped, for another 2 minutes. After that, the recording would be stopped and the subject 

could open his eyes.  

 

The EEG data collected during these tasks was exported to different formats for further 

analysis.  

 

Figure 3(i):  A subject performing the ‘attention monitoring’ task  
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   (1) 

                         

  (2)              (3) 

Figure 3(k): EEG experiments of control subjects 
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Chapter – 4 

Analysis 
 

Electroencephalographic recordings are analyzed in an event-related fashion when we want 

to gain insights into the relation of the electroencephalogram (EEG) and experimental events. 

The standard analysis method is to focus on event-related potentials (ERPs) by averaging. 

However, another approach is to concentrate on event related oscillations (EROs). Both EEG 

and ERP measures can be investigated in the frequency domain, and it has been convincingly 

demonstrated that assessing specific frequencies can often yield insights into the functional 

cognitive correlations of these signals (Başar et al., 1999). 

Oscillations were the very beginning of EEG research when the German neurophysiologist 

Berger (1929) first observed the dominant oscillations of approximately 10 Hz recorded from 

the human scalp. Berger coined the term alpha frequency for activity in this frequency range 

by using the first letter of the Greek alphabet. Berger dubbed the second type of rhythmic 

activity that he found in the human EEG as beta, which is now considered to be the frequency 

range of approximately 12-30 Hz. Following this consecutive ordering, Adrian (1942) 

referred to oscillations around 40 Hz (more general 30-80 Hz) observed after odor 

stimulation in the hedgehog as gamma waves. The slow oscillations below 4 Hz, which were 

discovered next, had been coined as delta waves. Finally, waves that cycle between 4 and 8 

times per second (4-8 Hz) were named theta oscillations after the first letter of their assumed 

region of origin, the thalamus. 

 

Oscillations are characterized by their amplitude and phase. The amplitude of an EEG 

oscillation is typically between 0 and 10 μV. The (cyclic) phase ranges between 0 and 2π. 

According to a classification of different types of oscillatory activity by Galambos (1992), 

there are spontaneous, induced, and evoked rhythms, all of which are differentiated by their 

degree of phase-locking to the stimulus. 

 

In this framework, spontaneous activity is completely uncorrelated with the occurrence of an 

experimental condition. Induced activity is correlated with experimental conditions but is not 

strictly phase-locked to its onset. Evoked activity is strictly phase-locked to the onset of an 

experimental condition across trials, i.e. it has the same phase in every stimulus repetition. 
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Figure 4(a): Induced and evoked potentials in ERP 

 

 If oscillations occur at the same latency after stimulus onset and with the same phase relative 

to stimulus onset in multiple trials (rows 1-4), they are considered evoked by the stimulus 

(left). If latency or phase jitter relative to stimulus onset, the oscillations are considered to be 

induced by the stimulus (right). Evoked activity sums up in the average (bottom row), while 

induced activity is nearly cancelled out. 

 

 

4.1 Frequency analysis methods 

In principle, every signal can be decomposed into sinusoidal oscillations of different 

frequencies. Such decomposition is usually computed using the Fourier transform to quantify 

the oscillations that constitute the signal (Dumermuth, 1977). Several methods exist to 

exclusively extract oscillations of a specific frequency from ERP data. Among the most 

popular are filtering, Fourier transformation, and wavelet analysis. [11] 

 

 

 

 



41 
 

Wavelet over Fourier algorithms: 

 

 Time required for processing of the data increases linearly with the number of data 

points processing time. Wavelet analysis is even faster than the Fast Fourier 

Transform, which requires of the order of N*log(N). (N = No. of data points) [12] 

 

 The wavelet transform gives the time frequency representation of a signal that has two 

main advantages over previous methods: 

 

 (a) Optimal resolution even in the time and frequency domains 

 (b) lack of the requirement of stationarity of the signal.  [12] 

 

4.2 Wavelet transform:  

4.2.1 Theoretical background 

It is defined as the convolution between the signal x(t) and the wavelet functions   

  

where   are dilated (contracted) and shifted versions of a unique wavelet function  : 

 

(a, b are the scale and translation parameters, respectively). The WT gives a decomposition 

of x(t) in different scales, tending to be maximum at those scales and time locations where the 

wavelet best resembles x(t). 

The WT maps a signal of one independent variable t onto a function of two independent 

variables a, b. This procedure is redundant and not efficient for algorithm implementations. In 

consequence, it is more practical to define the Wavelet Transform only at discrete scales a 

and discrete times b by choosing the set of parameters {aj = 2
- j 

; bjk
 = 

2 
–j

 k} , with integers j,k. 

Contracted versions of the wavelet function will match the high frequency components of the 

original signal and on the other hand, the dilated versions will match low frequency 
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oscillations. Then, by correlating the original signal with wavelet functions of different sizes 

we can obtain the details of the signal at different scales. These correlations with the different 

wavelet functions can be arranged in a hierarchical scheme called MULTIRESOLUTION 

DECOMPOSITION.  

 

The multiresolution decomposition separates the signal into ‘details’ at different scales, the 

remaining part being a coarser representation of the signal. Each detail Dj and approximation 

signal Aj can be obtained from the previous approximation A(j-1 ) via a convolution with high-

pass and low-pass filters, respectively. [12] 

 

4.2.2 Choosing the wavelet function 

A basic wavelet function to be compared with the signal should be chosen. There are many 

different functions suitable as wavelets, each one having different characteristics that are 

more or less appropriate depending on the application. Indeed, the possibility of choosing the 

wavelet function to be compared with the signal is one of the main advantages of wavelets 

over Fourier-based methods. Irrespective of the mathematical properties of the wavelet to 

choose, a basic requirement is that it looks similar to the patterns to be localized in the signal. 

This allows a good localization of the structures of interest in the wavelet domain and 

moreover, it minimizes spurious effects in the reconstruction of the signal via the inverse 

Wavelet Transform. [12] 

 

Using sinusoidal wavelets like the Morlet wavelet is ideally suited for detecting sinusoidal 

EEG activity since the wavelet transform is similar to detecting whether the used wavelet is 

contained in the signal. Other wavelets which are more spiky can be used for detecting 

transient phenomena in EEG like epileptic spikes (Schiff et al., 1994). [11] 

 

4.2.3 Multiresolution decomposition of the signal 

The figure 4(b) shows the procedure schematically. The stepwise algorithm is described 

below: 
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Figure 4(b): Schematic of multiresolution decomposition  

 

(i) The convolution between the signal (the starting segment) and the filters G and H is 

calculated. Then, the signal is shifted one data point to the left and the previous calculation is 

repeated. This is done until the whole signal covered. From this shifting we obtain a set of 

coefficients that represent how the wavelet function matches the signal in time. 

 

(ii) Both sets of coefficients obtained by the convolution the signal with the filters G and H 

are decimated by 2 one every two data points is deleted). From this we obtain the first level 

detail D1 (i.e. the high-pass filtered signal) and approximation A1 (the low-pass filtered 

signal), respectively. Note that after decimation the number of data points of D1 plus the ones 

of A1 is equal to the number of data points of x, thus avoiding redundancy. 

 

(iii) The first approximation is further decomposed; i.e. the two previous steps are repeated 

using the approximation as input signal. Note that decimation is analog to a stretching of the 

mother function and therefore gives the comparison between the original signal and the 

wavelet function at different scales.  

 

(iv) The previous three steps are repeated  j -1 times, where j is the number of chosen levels. 

Then, the signal is decomposed into D1 to Dj details and one final approximation Aj. 

In this study we used a 5-scale decomposition,  

j 
thus obtaining coefficients in the following frequency bands: 62–125 Hz, 31–62 Hz (gamma), 16–31 Hz (beta), 

 

 

4.2.4 Reconstruction of the filtered signal  
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Reconstruction is done with convolution of the detail signals and the last approximation with 

the inverse filters G’
 
& H

’
. The procedure is shown on the right side of fig 4(a). Since the 

goal is to obtain a filtered signal, reconstruction is done only from one scale. 

 

(i) We choose the detail level from which we will do the reconstruction. For the 

alpha band this was the detail level 4, and for the gamma bands the level 2. Then, 

the convolution between the chosen detail coefficients (the starting segment) and 

the filter G
’
 is calculated. If the reconstruction is done from the last 

approximation, then H
’
 is to be used instead of G

’
. As before, the signal is shifted 

one data point left and the procedure is continued upto the last coefficient. 

 

(ii) The data obtained from the last step is upsampled by inserting zeros between 

samples (this is the inverse to decimation). 

 

(iii) The previous 2 steps are repeated j-1 times (j is the scale from which the 

reconstruction is done) but now using the filter coefficients H
’
. This gives the 

reconstructed signal filtered in the frequency band corresponding to the scale j. 

 

4.3 Analysis : trivial calculation  

Wavelet decomposition of trivial calculation task data was done. In total, there were 20 

questions during the task, 5 of each type (+,-, x, /). The data across questions of same type 

was averaged and then decomposed during wavelet.  

The data was analysed by 6 scale using Meyer wavelet.  

 

Data from 3 subjects was averaged. The analysis epoch is of 6 sec. 2 sec prior to the stimulus 

+ Stimulus duration (2 sec) + Post stimulus (2 sec). With the sampling rate of 500 Hz, 3000 

data points are collected for each epoch. Thus, during the data points, 1000-2000, the 

stimulus was present. 0-1000 is the pre-stimulus duration and 2000-3000 is the post stimulus 

duration.  

 

4.3.1 Addition questions 

Figure shows the reconstruction using different scales for channel Fz for addition questions. 
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Figure 4(c): 6 level multiresolution decomposition of addition data [Ch : Fz] 

 

It can be observed that just a little earlier than 1 sec after the onset of the stimulus, the 

amplitude of the signals in the coefficients D6 (theta) & D5 (alpha) increases. And during the 

same instant, a6 (delta) reaches a negative peak. 

Post stimulus, there are not many differences in the signal patterns.  

 

4.3.2 Subtraction questions 

Figure shows the reconstruction of the signal from the coefficients of different scales of 

‘subtraction’ questions in the task.  
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Figure 4(d): 6 level multiresolution decomposition of subtraction data [Ch : Fz] 

 

There is no increase in the amplitudes of D5 & D6 components after onset of the stimulus just 

as in addition analysis in Fz. Instead, a slow positive wave emerges post stimulus in A6 

(Delta). At the onset of stimulus, the amplitude in D4  (beta) reduces.  

 

4.3.3 Multiplication questions 

The figure shows the decomposition for the average signal from 3 subjects and 5 questions.  

 

It can be observed, that like in the addition data, there is an increase in theta (D6) and alpha 

(D5) bands in multiplication analysis as well. But unlike the addition data, delta band(A6) hits 

a positive peak at 1 sec after the onset of stimulus. The gamma band (D3) has low amplitude 

throughout the stimulus duration.  
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Figure 4(e): 6 level multiresolution decomposition of multiplication data [Ch : Fz] 

 

 

4.3.4 Division questions 

Figure 4(f) shows multiresolution decomposition of Fz channel data from division questions 

of the trivial calculation task.  

We see an increase in the Alpha (D5) and theta (D6) bands with the onset of the stimulus upto 

duration of about a second. Just like in subtraction, the delta band (A6) has a short positive 

peak post stimulus.  

 

Conclusion: 

It is emerging that there are similarities in EEG representations of addition and multiplication 

tasks; similarly there are common signatures in the subtraction and division tasks. This could 

lead to generalizing that just as the functions addition and multiplication have common roots 

of simple addition; and that division has its findings from subtraction, there are similar 

findings at the level of EEG representation as well.  
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Figure 4(f): 6 level multiresolution decomposition of multiplication data [Ch : Fz] 

 

4.4 Analysis: Trivia 

In this task, there were 11 questions. As each question, which lasted for around 2 sec, was 

different, we initially analysed the data questionwise, with data averaged from the data of 3 

subjects.  

The coefficient D6 represents the frequency range from 3.91Hz – 7.8Hz (4 Hz to 8Hz 

approx.): Theta band;  

A6 represents the frequency range from 0-3.91 Hz (0-4 Hz approx.):  Delta band; 

D5 represents 7.8-15.6 Hz which approximately fits in the alpha range (8-13 Hz); 

D4 represents 15.6-31.2 Hz which is approximately the beta band. (15-30Hz) 

 

4.4.1 Questionwise averaging 

Channel: Fz  

Epochs: 6 sec each  

 Question 1: (What is your name?) 
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Figure 4(g): 6 level multiresolution decomposition of Question 1: Trivia 

 

Observation: In the signal (s in the fig.),it can be observed that as the stimulus onsets, the 

frequency of the signal is reduced. (Stimulus duration: 1000-2000 (in fig)). When the 

stimulus ends, high freq. begins to show. This is evident by the peak of alpha (D5) (at 

1500)during the stimulus and reduction of D3 (high freq. gamma waves: 30-80 Hz) when the 

stimulus is present.  

 

 Question 2: (When is your birthday?) 

 Refer  fig 4(h).  

 Observations: From the reconstructed waveforms of different coefficients, the following 

observations can be made:  

(i) In the signal, high frequency components are present throughout the 

epoch. 

(ii) With the onset of stimulus (data point 1000 in the fig.),the amplitude of D6 

(Theta band) reduces.  
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Figure 4(h): 6 level multiresolution decomposition of Question 2 

 

 Question 3: What is your college’s name?  

      Refer figure 4(i). 

 

 

Figure 4(i): 6 level multiresolution decomposition of Question 3 
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Observations: (With reference to figure 4(i)), it can be observed that: 

(i) With the onset of the stimulus, the amplitude of D6 (theta) reduces. 

(ii)  A slow negative wave emerges after the onset of the stimulus (A6 : Delta 

band). 

 

 Question 4: (What is the name of this city?) 

 

 

Figure 4(j): 6 level multiresolution decomposition of Question 4 

 

Observations: With reference to figure 4(j), it can be observed that: 

(i) Just after the onset of the stimulus, the amplitudes of the coefficients D6, 

D5 & D4 (theta, alpha & beta bands resp.) increase.  

 

 Question 5: (What is the name of this country?) 

 

Observations: With reference to figure 4(k), it can be observed that: 

(i) D6 amplitude reduces with the onset of the stimulus. 
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Figure 4(k): 6 level multiresolution decomposition of Question 5 

 

 Question 6: (Which state of India is this?) 

 

 

Figure 4(l): 6 level multiresolution decomposition of Question 6 

 

Observations: With reference to figure 4(l), it can be observed that: 
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(i) D5  (alpha band) amplitude increases during the stimulus duration (1000-

2000) 

(ii) A slow negative wave appears with the stimulus onset in A6 (Delta band) 

 

 Question 7: (Which semester is going on?) 

 

 

Figure 4(m): 6 level multiresolution decomposition of Question 7 

 

Observations: With reference to figure 4(m), it can be observed that: 

(i) Here D5 remains low throughout the stimulus duration. Just at the end of th 

stimulus, there is a short burst.  

(ii) D4 amplitude decreases following the stimulus onset, but increases at 

around 1 sec afterward. 

 

 

 Question 8: (Which degree will you get?) 

 

Observations: With reference to figure 4(n), it can be observed that: 

(i) There is a lot of high frequency component during the stimulus. (D4) 
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Figure 4(n): 6 level multiresolution decomposition of Question 8 

 

 Question 9: (What is the name of your branch?) 

 

 

Figure 4(o): 6 level multiresolution decomposition of Question 9 
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Observations: With reference to figure 4(o), it can be observed that: 

(i) With the onset of the stimulus, there is an increase in Theta, alpha, beta 

and gamma bands.  

 

 Question 10: (Which year of B.Tech are you in?) 

 

 

Figure 4(p): 6 level multiresolution decomposition of Question 10 

 

Observations: With reference to figure 4(p), it can be observed that: 

(i) There is an increased amount of gamma activity (D3) during the stimulus 

amount.  

 

 Question 11: (What is the capital of India?) 

 

Observations: With reference to figure 4(q), it can be observed that: 

(i) There is an increases beta activity (D4) at the onset of the stimulus.  
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Figure 4(q): 6 level multiresolution decomposition of Question 11 

 

4.4.2 Subjectwise averaging 

Here,we averaged all 11 questions in a particular subject’s data, and decomposed it. Here are 

the plots of Fz for 3 subjects’ data.  

 Subject 1:  
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Figure 4(r): Subject 1: Fz data  

 

Observations: With reference to figure 4(r), it can be observed that: 

(i) There is increased theta activity during the stimulus duration (D6) 

(ii) Beta and gamma activity is almost persistent throughout the epoch. 

(iii) Just the low frequency components are prominent during the stimulus 

duration compared to pre and post stimulus times.  

 

 Subject 2:  

 

 

Figure 4(s): Subject 2: Fz data 

 

Observations: With reference to figure 4(s), it can be observed that: 

(i) After around 1 sec of the onset of the stimulus, there is rise in the alpha 

activity (D5) which attenuates after the end of stimulus.  

 

 Subject 3:  

 

Observations: With reference to figure 4(t), it can be observed that: 
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(i) There is a reduction in Delta (A6) with the onset of the stimulus which persists 

more than 1 second.  

(ii) After 1 sec of the stimulus onset, lot of beta activity (D4) is present which lasts 

upto end of stimulus.  

(iii)Rise in Theta (D6) & Delta activity is found post stimulus presentation.  

 

 

Figure 4(t): Subject 3: Fz data 

 

Conclusion:  

There are differences in the patterns of signals obtained on stimulus presentation across 

subjects. Thus for a classification algorithm to be built for such at task, it has to take into 

account individual variances along with common features.  
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Chapter – 5 

Games 
 

We being naïve at game building, started off with simple animated games in Scratch. Later 

we collaborated with one of our friends in the CS dept., who developed some models in 

Panda3d and UDK.   

5.1 Scratch  

Scratch is a very simple programming language for creating interactive stories, animations, 

games, music and art.   

In Scratch, you can play with variables and create simple effects in the games, though they 

aren’t like the 3-d games.  It takes a lot of time to create, what are called the ‘Sprites’ or the 

characters in the game. You can switch between the costumes or different images/paintings of 

the character, all of which are to be drawn in the Scratch editor.  

Images can be imported too. But not very interactive games can be built in scratch. 

Nevertheless, for Engineers to start with game designing, it is incredibly easy and worth 

building some initial stuff!   Shown in the figure below is the scratch screen.  

 

Figure 5(a) Scratch workspace 
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We initially tried to develop a small animated story based game in scratch. Here are a few 

screenshots from the game. 

Storyline in brief: 

 Mr.Square-face is skiing happily 

amidst snow clad mountains…  

 

 

 

 

 

 

 

 

..Until he encounters a huge rock 

on the way.. 

   

 

 

 

 he walks towards it.. and then..  
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..the rock poses a question to him! And 

only if he answers it correctly, he would be 

allowed to pass through it..  

The question is :  3 + 2 =  ?  

  

 

 

 

 

Poor Mr. Square – head!  

   

A little of math and he would shiver! 

So the player has to help him through 

this tough time!  

[Suppose the player answers it  

Incorrectly.] 

 

 

 

 

 

  

then the game offers a helpline!  

   

 Just type help n see 

what is in store for u.. 
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 Just type help n see 

what is in store for u.. 

This is the help screen which 

shows you a little trick towards 

solving the problem! 

N say, now it makes sense to u, 

and you attempt to answer the 

question again!.. 

And you answer it correctly! 

  

 

Then.. 

The rock is happy and lets Mr. Square- 

head through his skiing.. !  
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5.2 Panda 3d 

Panda3D is a game engine, a framework for 3D rendering and game development for Python 

and C++ programs. Panda3D is Open Source and free for any purpose. 

Coding is done primarily in Python, but C++ is supported as well. 

Panda3D is a scene graph engine which means that the virtual world is initially an empty 

Cartesian space into which the game programmer inserts 3D models. Panda3D does not 

distinguish between "large" 3D models, such as the model of an entire dungeon or island, and 

"small" 3D models, such as a model of a table or a sword. Both large and small models are 

created using a standard modeling program such as Blender, 3ds Max or Maya, loaded into 

Panda3D, and then inserted into the Cartesian space. [13] 

Shown in the figure below is the Panda 3d workspace.  

 

                                 Figure 5(b): Panda3d environment 

The issue with Panda 3d is that not very diverse and rich environments are present. So we 

later switched to UDK wherein a lot of environments for game development are in-built.  

5.3 UDK  

Unreal development kit is the free edition of Unreal Engine 3. It can create a lot of virtual 

environments like racing cars, simulations etc. It supports varieties of other softwares too. It’s 

free for non-commercial and educational use. 

Initial 3d models have been created using this by one of our friend in the CS Dept.  

 

http://en.wikipedia.org/wiki/Cartesian_coordinate_system
http://en.wikipedia.org/wiki/Blender_%28software%29
http://en.wikipedia.org/wiki/Autodesk_3ds_Max
http://en.wikipedia.org/wiki/Autodesk_Maya


64 
 

5.4 General theme  

We wanted to build games in which there would be lifelines (simply, help options) to help the 

player whenever he needs it. The questions (related to arithmetic etc.) would be embedded in 

a different theme; which would keep the player motivated. The player would have to answer 

the questions as a part of completing his mission. Even if the answer would be incorrect, the 

game would continue, but the level of questions would not rise in the meanwhile, but more 

practice questions of the same difficulty level would be thrown.   
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Summary  
 

Our current experiments were bent largely on the control group and we plan to conduct more 

experiments with the special need kids as we get add better games to our repertoire. 

More the analysis to be done in real time, we need to work on algorithms which would sort 

the tasks from the real time EEG data with minimum computation.  

We hope that with the interface well developed and well equipped with a galore of tasks and 

activities and optimized analysis techniques, we would be able to help the children affected 

with learning disabilities, in humble ways!  
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Appendix 1 

Movement tasks  
  

 

  

  

 

 Single finger rotation  

 

 

 

 

 

 Wrist rotation task:  Self- paced clockwise rotation of the right fist.  
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 Hand movement:  

Self-paced closing and opening of all the fingers.  

 

Task types: 1) For right hand  

                    2) For left hand.  

Top View: 

 Right hand:   
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Appendix 2 

Reading test  
 

The complete list of the items which were included in the reading test conducted for class 1 

students. The gap between every stimulus was kept 5 sec.  The first 30 items were words, 

followed by non-words, linked words and small sentences. 

 

Index Word Index Word 
1 ફળ 

 

15 ટપાલ 
2 નિ 

 

16 દાડમ 
3 રથ 

 

17 ધજા 
4 પણ 

 

18 ઘાલ 
5 ડમરંુ 

 

19 ઢાળ 
6 યજ્ઞ 

 

20 રચળયામણુ ં
7 નયન 

 

21 
કે્ષત્ર 

8 કળશ 
 

22 ઉદર 
9 તરસ  

23 અંધારંુ 
10 અક્ષર  

24 હ િંચકો 
11 દફતર  

25 
ઉંદર 

12 સફરજન  

26 રજાઈ 
13 પતગં  

27 કંકુ 
14 રંગ  

28 ઉધઈ 
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29 આંગણુ ં
 

30 
આવજો 

31 અઢચક 
32 ટચક 
33 અથમ ુ
34 ચચછીનદુી 
35 પત્રટણક  
36 સોઈ દોરો 
37 ભાઈ બ ને 
38 રક્ષાબધંન 
39 નવુ ંવાતાવરણ   
40 ચપળ ચિસકોલી 
41 ભારત મારો દેશ છે 
42 સરુત મારંુ શ રે છે. 
43 ગાધંી બાપ ુને ઓળિો છો 

? 
44 મને પતગં ઉડાડવી બહ ુ

ગમે. 
45 થોડા હદવસો મા ં ોળી 

આવશે. 
 

Non words 

Phrases 

Sentences 
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Appendix 3: Behind the scenes  

 

 

 

The team 

 

 

 

Waiting outside the clinic:  subjects n us..  
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Subjects grooming sessions..  ;) @ the clinic 

 

 

Trip of ‘Prayas’ kids to college..  

 

Kids on the bike with our college mate 
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Kids enjoying roaming around svnit..   

 

 

Bike trip was a hit!  
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Kids n us outside the Student activity center @ SVNIT..  
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Next halt, ONGC bridge..  

 

Enjoying the breeze at the bridge..  

The trip ends with an ice-cream session!  
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The ‘Experiments’ day for few kids from Prayas 

 

  outside the clinic…  photography sessions.. 

 

LED stars, passtime for children  
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@PRAYAS..   

 

 

 

With Prof. Arnaud Delorme during the conference at Haridwar 
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 Rosanna n us  

 

 

 

@NBRC for the DST workshop on cognitive neuroscience 
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Along with the participants of the workshop and the faculty 

 

 

 

Visit to the AIIMS,Delhi during the workshop @ NBRC 
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Along with Prof. Belmonte @ NBRC 

 

 

Student talks during the workshop..  
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Visit to the majestic TAJ on the free Sunday, during d workshop 

 

 

 

During one of the ERP experiments at the clinic..   

 

 

https://sites.google.com/site/intelligentgaminginterface/ 


