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Overview

+ The project aims to augment the experience of teachers and
students in the Indian education system by studying the cognitive
load they experience while teaching and learning.

+ The project focusses on redesigning of existing NCERT books
and other visual aids by analysis of current system.

« The data has been collected through a wide range of interviews,
tests and experiments on students and teachers.

+ To enhance the accuracy of the data, the students were divided
into 3 different categories based on their syllabus and its
advancement. The 3 categories are:

1. Classes 310 5
2. Classes 610 8
3. Classes 9to 10

Mental Model

« The problem lies that in contrast to individual learning, there is
limited well-researched, evidence-informed theory to guide
collaborative learning.

+ One consequence of this void is poor implementation and, thus,
ineffective, inefficient and unsatisfying use of collaborative
learning both for the teacher and for the learner.

- Another consequence is that, due to this poor implementation,
teachers and learners waste precious resources (i.e., time,effort,
money) on ineffective and inefficient learning and teaching inside
and outside of the classroom (i.e., computer-supported
collaborative learning; CSCL).

- Finally, this represents a severely missed chance for learners to
acquire necessary work-life skills.
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Cognitive Load Theory

(

J))

-John Sweller, Developer of Cognitive load Theory

+ "Cognitive load" relates to the amount of information that
working memory can hold at one time.

+ Cognitive Load Theory in Teaching and Learning:

Cognitive Load Theory shows us that working memory can be
extended in two ways. First, the mind processes visual and
auditory information separately.

Auditory items in working memory do not compete with visual
items in the same way that two visual items, for example a
picture and some text, compete with one another.

This is known as the "Modality Effect.” So, for example,
explanatory information has less impact on working memory if it
IS narrated, rather than added to an already complex diagram.

Second, working memory treats an established schema as a
single item, and a highly practiced "automated” schema barely
counts at all. So, learning activities that draw upon your existing
knowledge expand the capacity of your working memory:.

This means that pre-training, or teaching people prerequisite
skills before introducing a more complex topic, will help them
establish schemas that extend their working memory; and this
then means that they can understand and learn more difficult
information.



Analysis of the Current System

In books

When you have multiple sources of visual information, such as
diagrams, labels and explanatory text, your attention is divided
between them. This adds to the cognitive load, making it more
difficult to create new schemas.

This split attention effect is reduced when you integrate visual
information. Incorporate labels into diagrams, rather than
placing them in a box to one side, or, if this isn't possible, focus
in on one part first. If learners need to use a manual while
working through a computer program, for example, allow them
time to become familiar with the text first, before introducing the
program.

Following are few examples from the NCERT books:

The pages have statistical diagrams, text and images which confuse the
makes it difficult to integrate the information.



The diagrams are too basic and not illustrative.

The labels of the diagram are not readable creating mental confusion.

Usage of books by the students: as the studies do not hold the
attention of the student, they start doodling.

Insufficient space to write the answers to questions in the book



The books are re-used the next year for projects by cutting off of photographs.

Insufficient space to note down any notes. Here the student has marked the class
work in a haywire manner resulting in forgetting about it eventually.









In Classrooms

The number of students is quite large in a general classroom
hence it is difficult for the teacher to pay attention to each
student and make sure all of them are able to understand.

In a survey, it was observed that almost 50% students are not
able to properly understand what is being taught in the class as
the audio and visuals are not clear.

The visuals and audio have to be synced and topics have to be
explained in a step by step manner so that the students are able
to form the basic foundation of the topic to make its advanced
stages easy to understand.



Tasks Conducted

We conducted various memory tests in forms of fun games on the
kids to understand their memory capacity and the level of cognitive
load they can sustain. A sample of 5 children (mean age = 8-10
years & 11-13 years) respectively from each category were used to
conduct these tests.

1. We conducted the game of simon says: in this game, the player
has to repeat what the screen does. For example: there are 4
different colours in the screen, one colour will glow for a second.
After the colour glows, the player will be given 5-10 seconds to
tap on that colour again. As you advance in the game, the
number of colours that will glow after one by one increases and
the user has to memorise them and repeat the pattern.



Result of tests:

1. Situation A: Completely quiet setup, where the student is the
only player in the game

2. Situation B: Random Noisy setup, where the student is the only
player in the game but someone is constantly disturbing him

3. Situation C: Classroom Environment setup, where the student
is competing with another person and also being disturbed

The student was able to reach the 5th level of the game but wasn't

Case A able to complete it as he faced difficulty while remembering the
order of the colours.

The student was able to reach the 5th level of the game but wasn't
Case B able to complete it as he faced difficulty in paying attention to the
game as his attention was split between the surroundings and game.

The student was able to reach the 3rd level of the game only as he
Case C was in a competitve environment where he was experiencing stress
while also being disturbed by another person.

Compared with conceptually similar response inhibition tasks,the
game of Simon Says is particularly challenging for young children.
However, possible reasons for this difference have not been
systematically investigated.
Here we tested the relative influence of two dissociable
characteristics of the standard Simon Says task:
 Receiving both inhibition and activation commands from the
same experimenter
+ Seeing the experimenter perform the movement along with the
commands.



2. We conducted a dictation game, where a paragraph was being
dictacted the student and he had to write it down while
simultaneously solving the simon says game.

We then added the elements of disturbance and competition to

test how the student responds to these added factors and
performs the test.

Result of tests:

1. Situation A: Completely quiet setup, where the student is the
only player in the game

2. Situation B: Classroom Environment setup, where the student is
competing with another person and also being disturbed

The student was able to write few lines without any error - spelling
Case A >
or missing out words.

Case B The student was not able to write even one line without error. He
ommitted a lot of words and a lot of spelling errors were observed.
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Analysis revealed that children's performance was significantly
worse on the one-task Simon Says compared with the
multi-task game. The presence of the experimenters
movements alongside their commands had a significant effect
on children's performance. The requirement to respond to one
person who is changing how different rules apply to similar
actions appears to be an important determinant of the difficulty
of Simon Says for young children. In terms of implications,
inconsistency in how an adult applies rules to children's actions
may be a detrimental social influence on the development of
cognitive control during childhood.



Reading and Learning Disorder

A student with an expressive language disability may have difficulty
with the following tasks requiring written languages:

« Expressing themselves clearly and precisely

- While using a variety of sentence structures

- Mature syntactical patterns

- Using an appropriate range of words

- Organizing thoughts

- Useage of punctuation correctly

+ Copying from the board, organizing written information note
taking, handwriting, and spelling.

» Decoding unfamiliar words

» Understanding what is read

+ Knowing the meaning of words read

- Maintaining an efficient rate of reading

Writing diability in children while learning, depicting the amount of cognitive
load built during this process



Lack of rganizing written information & comprehension ability

Dyslexic fonts, for students suffering from the condition

While using sentence structures, and not able to keep up the rate of
reading amongst the peers

Image source : Google



Insights kept in mind taking into account the mention special case
for children

- Readable Fonts : Use of sans serif fonts, such as Arial and
Comic Sans, as letters can appear less crowded. Font size
should be 12-14 point or equivalent. Inter-word spacing at least
3.5 times the inter-letter spacing. Avoiding text in uppercase
/capital letters and small caps, which can be less familiar to the
reader and harder to read.

» Colour : Use of single colour backgrounds. Avoiding
background patterns or pictures and distracting
surrounds. Sufficient contrast levels between background and
text. Dark coloured text on a light (not white) background.

- Layout : Left align text, without justification. Multiple columns
(as used in newspapers) were avoided. Use of white space to
remove clutter near text and group related content. Break up
the text with regular section headings in long documents and
include a table of contents.

« Structure : Used formatting tools for text alignment,
justification, indents, lists, line and paragraph spacing to
support assistive technology users. Addition of extra space
around headings and between paragraphs. Ensuring hyperlinks
look different from headings and normal text.

» Writing Style : Sufficient use of images to support text. Flow
charts are ideal for explaining procedures. Pictograms and
graphics can help to locate and support. Use of active rather
than passive voice and avoiding abbreviations where possible;
always provide the expanded form when first used.



Dyslexia in Classroom

With an increasing rate on education and literacy, more emphasis
has to be laid on providing aids to children and adults facing this
condition, be it while reading, spelling or expressing their throughts
on paper and acquiring adequate use of grammar.

Apart from there categories, classroom teachers might be
paticularly confused while interacting with students whose
constant unachievement could be considered as lack of effort and
disinterest in the subject as well. This might dwell in with other
genure of cognitive load (part of cognitive load while teaching).
Class teachers need to have an understanding of the problems that
the dyslexic child may have within the classroom situation.

The following items could provide useful guidelines for teachers
and parents to follow and support :

1. In classroom : Of value to all children in the class is an outline
of what is going to be taught in the lesson, ending the lesson
with a resume of what has been taught. In this way information
is more likely to go from short term memory to long term
memory.

2. Copying from blackboard : Use different colour chalks for each
line if there is a lot of written information on the board, or
underline every second line with a different coloured chalk.

3. Reading : A structured reading scheme that involves repetition
and introduces new words slowly is extremely important. This
allows the child to develop confidence and self esteem when
reading.

4. Spelling : Many of the normal classroom techniques used to
teach spellings do not help the dyslexic child. All pupils in the
class can benefit from structured and systematic exposure to
rules and patterns that underpin a language.



Tasks Conducted (2)

We conducted a readability test in which we read same
paragraphs in different fonts and noted down the time to read
each of them and studied how the time taken varies and is
indicative of the cognitive load the participants experienced.
Result of the tests:

Font 1: Font 2: Font 3: Font 4:
Times New Roman Fritiga Hipmotizna Sans Forgetica
(s) (s) (s) (s)

1. 0:24.47 1:28.66 0:35.16 0:24.25
2. 0:20:12 0:58:37 0:34:84 0:25.09
3. 0:22.96 1:14.32 0:36.52 0:20.12
4. 0:25.08 1:21.79 0:35.16 0:23.67
5. 0:26.87 1:39.14 0:42.17 0:28.11
o. 0:20.87 1:27.73 0:36.41 0:19.81
/. 0:25.38 1:32.17 0:35.86 0:26.23
8. 0:21.76 1:07.92 0:31.52 0:23.48
Mean 0:23.41 1:21.21 0:35.85 0:23.83




Text used in the tests:

Font 1:

The need for cross-cultural communication skills arises whenever people from different languages
and cultures come into contact. With increased tourism, international business, students studying
overseas, and increasing awareness of indigenous minority cultures there is concern to foster better
communication among different cultural groups. In the present paper, examples of cultural differ-
ences in communication in Australia and New Zealand are presented. Two approaches to the train-
ing of cross-cultural communication skills are described: the cultural assimilator developed by
Brislin, and McCaffery's "learning how to learn" orientation.

Font 2:

wila DaEb Goh G -Geluucliviv GO6HCHEILGR--
Ghod Dhhuus Dvhnew Wiiehbhauweh Gaouuwa NGt
Dhathahebe WIPDEERGEs Bb Geluueiven GOthw
alae Gobultu. Whul il G@lchntids ki
Gekblehobie Gendlussy Ducbudun BuelbThinG
Ouatnelsy b diehElDihE v lans @& ki~
BhGeHOen (Hhbhohbtu’ Geluuiven widave aw GOH-
Gk o Eonuth Gauuut GPtHHEPDLGHuhs
PeHOHNE bathahube Geluucitie Guoean. b wide
hepube GheEhs Ghlthauwen Ot Geuuaicia Db
GahubheEn kb GOHHEPNLGR kY &id DelnucBukid
Db Daw sEluBlbb e chenubuab. sWwWe Pa--
EhoPaien o iie bklaPDadt Ot GO -Geluutlivdw
GotHtHedhthluhoh Shhuun Hve DanbhaGubd wive
Geluuelithie Poehthdulaon DauWauouEb 8V Suhn--
wkidy I CHGEHEEENT'D "walEPDhiiE Tow .
ek’ ohhubuRaked.

Font 3:
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Font 4:

The need Jor cross-culiural corrmunication skills arises ‘whenever people
Jrom dijserent languages and cultures come into contact. 'Nith increased
ourism, \mur\q.mr\c\\ bus ness, studenis studying overseas cmc\ increasing
anareness o indigenous mrinority culiures there is concern Lo joster betier
communication anrong dijierent cultural groups. in the present paper, ex-
arrples o cultural differences in commmrunication in Australia and Mew Zea-
land are presentaed. o approaches 1o the training o cross-cultural com-
mrunication skills are described: the cultural assimilator developed by 3rislin,
and Mclassery's "learming bow o learn™ orientation.



On analysing the test results, it was observed that the
participants took the most time to read the font style fritiga
followed by hipmotizna, sans forgetica and times new roman.

The time consumed to read the text is directly proportional to
the difficulty faced in reading and understanding the text which
implies that the user pays more attention to it due to increased
input of effort. It is also observed that the difficult to read texts
affect your memory and the information is retained in your
memory for a longer period of time.

This signifies that the font style used in the book affects the
cognitive load experienced by the user.



Sans Forgetica

Sans Forgetica is a font designed using the principles of cognitive
psychology to help you to better remember your study notes.

It was created by a multidisciplinary team of designers and
behavioural scientists from RMIT University.

The science of Sans Forgetica

Sans Forgetica is more difficult to read than most typefaces — and
that's by design. The 'desirable difficulty’ you experience when
reading information formatted in Sans Forgetica prompts your
brain to engage in deeper processing.



Proposed Changes

-+ Books:
The new book design mockups are made keeping in
consideration all the problems we observed in our research. The
new books are colourful and have vibrant illustrations to aid the
students to understand the topic better and also to keep them
interested in the studies.
The books have a particular visual design which will avoid mental
confusion and decrease the unnecessary load on their working
memory.



Comparision

-+ The visual languages in the books are strikingly different. As we
can observe, in the existing book sample, the activity is written in
few monotonous paragraphs which makes the user lose interest
in the subject and not conduct these activities whereas in the
new book sample, the activity has been categorised in a
systematic manner with more accurate diagrams which aids in
understanding and interest in the topic.



- AR Visual Aid:

An application to convert all the 2D diagrams to 3D to aid the
understanding of complex systems. The students often face
this issue of not being able to imagine and visualise the system

entirely which makes them lag and affects their mental health
due to peer pressure.
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Future Prospects

Due to the sudden imposition of the lockdown, we had to stop our
research abruptly.

Further, we will be continuing with the following:

1. To study and analyse of the Eye Tracking Pattern to understand
how the placement of text affects the cognitive load.

2. Study of the cost of the production of each book and its effect
on the environment

3. To conduct and analyse the response to reading difficult tests
using EEG tests

4. The present study aimed to examine the modality and
redundancy effects in learning in children with dyslexi a (of the
same age group i.e 8-10 and 11-13 years old) in order to find out
whether their learning benefits from written and/or spoken text
with pictures. We'd planned a compared study time and
knowledge gain in 8-13 year-old children with dyslexia and other
typically reading peers in a within-subjects design. All children
were supposed to be presented with a series of user-paced
multimedia lessons in 3 conditions: pictorial information
presented with

« Written text
 Audio examining
« Combined text and audio

After fulfilling these research aspects, we will be working on the
analysis of the final outcome of our research and hence ideate on
the ideal solution to solve this problem in the Indian Education
System.






