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Abstract

We would like to introduce our project titled “Assisted Reading”; The aim of this project is
to make the online reading or E-book experience more convenient and enjoyable to the user.
We present gaze-assisted reading techniques which use the traditional linear reading style. This
approach enables continuous gaze-assisted reading without requiring manual input to scroll, along
with text highlighting for increased reading clarity: We implemented two different page scrolling
techniques in order to try and get an impression for which technique is most optimal. We also
applied a text highlighting feature in order to test if it makes reading the text more clearer,
and improves the overall reading experience. Testing our project with users and gathering their
general opinion gave us an insight into which features were preferred and most effective.

Motivation

In our modern society we live in a very much digitalised world; From online articles to reading
E-books, people have an enormous library of text all available on one device. We want to tap into
this ever growing field by making reading dynamic and effortless. Previous research papers such
as “AutoPager: Exploiting Change Blindness for Gaze-Assisted Reading” (Wilson and Williams)
change the text while the user is reading in order to make reading seamless; However this can
be problematic if the user wants to re-read a section at the top of the page. It also doesn’t
experiment into making text easier to read, it only tries to improve the “page turning” effect.
Our reading assistant allows the user to scroll through the text at a pace which suits their reading
level. Also if the user wishes to re-read previous text they can simply scroll back through the
text. For people who have trouble reading, or poor vision; We highlight or enhance text, which
makes the section they are reading more clear.

Concept

For this project the main interaction technique is through the readers eye gaze and dwell time.
We used a Tobii Eye Tracker 4C in order to determine where the reader was gazing at any given
moment.

Figure 0.2. Tobii Eye Tracker 4C

Once the readers eye gaze is tracked we can use this in order to determine what section or line
of the text they are reading; When the section of text being read is indicated we use this to
implement our text highlighting and scrolling features. For example when the user is reading
a certain line, then that area of text will be highlighted or made more clear so that they can
concentrate on the particular text they are reading, and it is made easier to interpret. We
also use the reader’s gaze area for text scrolling; The first gaze scrolling technique is when the
reader is focused on the middle of the page. Once the reader reachers this point then the text is
automatically adjusted to scroll so that more text is revealed. The second gaze scrolling technique
is implemented when a user is gazing at the buttons on the side of the page the page; This also
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Figure 0.1. User test

adjusts the page automatically so that more text is revealed; However the main difference with
these two methods is that the first option allows you to scroll at a controlled pace (which can be
increased depending on how far down the page the reader gazes. The button scrolling option is
much faster and allows users to flick throw multiple pages at a fast rate.

Implementation

We initially started off with all three features working together, but we later decided it would
be better to test the two scrolling options separately, and test the programme with /without the
text highlighting. This gave us a feel of what features the users prefer and what features are
distracting or unhelpful. The hardware that we used was a Tobii Eye Tracker 4C along with a
windows pc/laptop. The programme we used to work with the eye tracker was Processing; This
enabled us to write the assisted reading programme compatible with the Tobii eye tracker.

Dynamically scrolling

The dynamically scrolling feature is created with the y-position of the gaze squared, multiplied
with a factor to increase the speed of the scroll dynamically depending on how far down on the
page you look. While scrolling backwards the y-value will be decreasing and therefore the y-
value is minussed with the value of the position of the page where it is supposed to start scrolling
back and thereafter multiplied with a negative number to create the increasing scrolling speed.
Scrolling backwards is slower at maximum speed because it does not scale with a squared value,
this was evaluated because scrolling backwards is done less than scrolling forwards.
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age at thirty-ti 5
Twelve mare years passed. Each year the Bwsinses had given very lively combined birthday-parties at Bag End;
but now it was d that was being planned for that autumn. Bilbo was going to be eleventy

-one, 111, a rather curious number and a \nr\f mnemble age for a hobbit (the Old Took himself had only reached 130); and
Frodo was going to be thirty-three, 33, an important number: the date of his ‘coming of age’.

Tangues began to wag in Flobbiton and By water; and rumour of the coming event travelled all over the Shire. The history and
character of Mr. Bilbo Baggins became once again the chief topic of conversation; and the older falk suddenly found their reminiscences
in welcome demand. No one had a more attentive audience than old Ham Gamgee, commaonly known as the Gaffer. He held forth at
The hy Bush, a small inn on the Bywater road; and he spoke with some authority, for he had tended the garden at Bag End for
forty years, and had helped old Holman in the same job before that. Now that he was himself growing old and stiff in the joints,
the job was mainly carried on by his youngest son, Sam Gamgee. Both father and son were on very friendly terms with Bilbo

and Frodo.

They lived on the Hill itself, in Number 3 Bagshot Row just below Bag End.'A very nice well-spoken gentlehobbit is Mr. Bilbo,

as I've always sald,' the Gaffer declared. With perfect ruth: for Bilbo was very pelite to him, calling him ‘Master Hamfast',

and consulting him constantly upon the growing of vegetables - in the martter of 'roots’, especially potatoes, the Gaffer was
recognized as the leading authority by all in the neighbourhood (including himself).

"But what about this Frodo that lives with him?' asked Old Noakes of By water. ‘Baggins is his name, but he's mare than half

a Brandybuck, they say. It beats me why any Baggins of Hobbiton should go looking for a wife away there in Buckland, where
folks are so queer.’

*And no waonder they're queer,’ put in Daddy Twofoot (the Gaffer’s next-door neighbour), 'if they live on the wrong side of

the Brandywine River, and right again the Oid Forest. That's a dark bad place, if half the tales be true.'

“You're right, Dad!" said the Gaffer.

"Mot that the Brandybucks of Buck-land live in the Old Forest; but they're a queer breed, seemingly. They fool about with

boats on that big river - and that isnCt natural. Small wonder that trouble came of it, | say. But be that as it may,

Mr. Frodo is as nice a young hobbit as you could wish to meet. Very much lke Mr. Bilbo, and in more than looks. After all his
father was a Baggins. A decent respectable hobbit was Mr. Drogo Baggins; there was never much to tell of him,

till he was drownded."

‘Drownded? said several voices. They had heard this and other darker rumours before, of course; but hobbits have a passion for
family history, and they were ready to hear it again. ‘Well, so they say,' said the Gaffer. 'You see: Mr, Drogo, he married poor
Miss Primula Brandybuck. She was our Mr. Bilbo's first cousin on the mother's side (her mother being the youngest of the Old
Took's daughters); and Mr. Drogo was his second cousin, 5o Mr, Frodo is his first and second cousin, once remaved either way, as
the saying is, if you follow me. And Mr. Drogo was staying at Brandy Flail with his father-in-law, old Master Gorbadoc, as he
often did after his marriage (him being partial to his vittles, and old Gorbadoc keeping a mighty generous table): and he went
out boating on the Brandywine River; and he and his wife were drownded, and poor Mr. Frodo only a child and all. *

‘I've heard they went on the water after dinner in the moonlight, said Old Noakes; 'and it was Drogo’s weight as sunk the

boat.”

‘And I've heard she pushed him in, and he pulled her in after him," said Sandy man, the Hobbiton miller.

"You shouldn't listen to all you hear, Sandyman,’ said the Gaffer, who did not much like the miller. ‘There isn't no call to go
talking of pushing and pulling. Boats are quite tricky enough for those that sit still without looking further for the cause of
trouble. Anyway: there was this Mr. Frodo left an orphan and stranded, as you might say, among those queer Bucklanders, being
brought up anyhow in Brandy Hall. A regular warren, by all accounts. Old Master Gorbadoc never had fewer than a couple of
hundred relations in the place. Mr. Bilbo never did a kinder deed than when he brought the lad back 1o live among decent folk.

Figure 0.3. Dynamic scrolling

a Brandybuck, they say. It beats me why any Baggins of Hobbiton should go looking for a wife away there in Buckland, where
folks are so queer.’

*And no wonder they're queer,' put in Daddy Twofoot (the Gaffer's next-door neighbour), 'if they live on the wrong side of

the Brandywine River, and right again the Old Forest. That's a dark bad place, if half the tales be true."

“You're right, Dad!" said the Gaffer.

“Mot that the Brandybucks of Buck-land live In the Old Forest; but they're a queer breed, seemingly. They fool about with
boats on that big river - and that isnCt natural. Small wonder that trouble came of it, | say. But be that as it may,

Mr. Frodo Is as nice a young hobbit as you could wish to meet. Very much lke Mr. Bilbo, and in more than looks. After all his
father was a Baggins. A decent respectable hobbit was Mr. Droge Baggins; there was never much to tell of him,

till he was drownded.”

‘Drownded? said several voices. They had heard this and other darker rumours before, of course; but hobbits have a passion for
family history, and they were ready to hear it again. ‘Well, so they say,' said the Gaffer, "You see: Mr, Drogo, he married poor
Miss Primula Brandybuck. She was our Mr. Bilba's first cousin on the mother's side (her mother being the youngest of the Old
Took's daughters); and Mr. Drogo was his second cousin. So Mr. Frodo is his first and second cousin, once removed either way, as
the saying is, if you follow me. And Mr. Drogo was staying at Brandy Flail with his father-in-law, old Master Gorbadoc, as he
often did after his marriage (him being partial to his vittles, and old Gorbadoc keeping a mighty generous table); and he went
out boating on the Brandywine River; and he and his wife were drownded, and poor Mr. Frodo only a child and all. *

‘I've heard they went on the water after dinner in the moonlight,' said Old Noakes; "and it was Drogo's weight as sunk the

boat.”

“And I've heard she pushed him in, and he pulled her in after him," sald Sandy man, the Hobbiton miller.

"You shouldn't listen to all you hear, Sandyman,’ said the Gaffer, who did not much like the miller. ‘There isn't no call to go
talking of pushing and pulling. Boats are quite tricky enough for those that sit still without looking further for the cause of
trouble. Anyway: there was this Mr. Frodo left an orphan and stranded, as you might say, among those queer Bucklanders, being
brought up anyhow in Brandy Hall. A regular warren, by all accounts. Old Master Gorbadoc never had fewer than a couple of
hundred relations in the place. Mr. Bilbo never did a kinder deed than when he brought the lad back 1o live among decent folk,
"But | reckon it was a nasty shock for those Sackville-Bagginses. They thought they were going to get Bag End, that time when
he went off and was thought to be dead. And then he comes back and orders them off, and he goes on living and living, and
never looking a day older, bless him! And suddenty he produces an heir, and has all the papers made out proper. The Sackville-
Bagginses woniit never see the inside of Bag End now, or it is to be hoped not.’

‘There's a tidy bit of money tucked away up there, | hear tell,' said a stranger, a visitor on business from Michel Delving in

the Westfarthing.

“All the top of your hill is full of tunnels packed with chests of gold and silver, and jools, by what I've heard. *

‘Then you've heard more than | can speak to,’ answered the Gaffer. | know nothing about jools. Mr. Bilbo is free with his money,
and there seems no lack of it: but | know of no tunnel -making. | saw Mr. Bilbo when he came back, a matter of sixty years ago,
when | was a lad. I'd not leng come prentice to old Holman (him being my dad’s cousin), but he had me up at Bag End helping him
to keep folks from trampling and trapessing all over the garden while the sale was on. And in the middle of it all Mr. Bilbo
comes up the Hill with a pony and some mighty big bags and a couple of chests. | don't doubt they were mostly full of treasure
he had picked up in foreign parts, where there be mountains of gold, they say; but there wasn't enough to fill tunnels, But my
lad Sam will know more about that, He's in and out of Bag End. Crazy about stories of the old days he is, and he listens to all
Mr. Bilbo's tabes. Mr, Bilbo has learned him his letters - meaning no harm, mark you, and | hope no harm will come of it.

"Elves and Dragons Isays to him. ‘Cabbages and potatoes are better for me and you. Don 't go getting mixed up in the business
ufwur bemr\s. or ruu‘ll land i» mbln oo hdg lorwu. 1 say: to him And 1 migm say il motherl.‘ he added wit» a look

Figure 0.4. Button scrolling

Button Scrolling

The buttons scrolling is a more direct and concise way of scrolling through the text. Two arrows
(one pointing up, the other down) on the right side of the page indicate scrolling back and forth
(up and down). This is simply achieved with a static ‘scrolling’ factor added when the arrows
are gazed upon/within.

Text-highlighting

For the text-highlighting feature the gazes Y-value is used to determined the middle of the
highlighted area. From this middle value a rectangle is created on to the gaze position. This
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age at thirty-three.

Twelve more years passed Each year the Bagginses nad glven very lively combined birthday-parties at Bag End;

but now it was d that hing quite | was being planned for that autumn. Bilbo was going to be eleventy
-ane, 111, a rather curious number and a very respectable age for a hobbit (the Old Took himself had only reached 130); and

Frodo was going to be thirty-three, 33, an important number: the date of his 'coming of age’,

Tongues began to wag in Flobbiton and By water; and rumour of the coming event travelled all over the Shire. The history and

character of Mr. Bilbo Baggins became once again the chief topic of conversation; and the older falk suddenly found their reminiscences

in welcome demand. No one had a more attentive audience than old Ham Gamgee, commonly known as the Gaffer. He held forth at

The vy Bush, a small inn on the Bywater road; and he spoke with some authority, for he had tended the garden at Bag End for

forty years, and had helped old Holman in the same job before that. Now that he was himself growing old and stiff in the joints,

the job was mainly carried on by his youngest son, Sam Gamgee. Both father and son were on very friendly terms with Bilbo

and Frodo.

They lived on the Hill itself, in Number 3 Bagshot Row just below Bag End.'A very nice well-spoken gentlehobbit is Mr. Bilbo,

as I've always sald,' the Gaffer declared. With perfect truth: for Bilbo was very pelite to him, calling him ‘Master Hamfast',

and consulting him constantly upon the growing of vegetables - in the martter of 'roots’, especially potatoes, the Gaffer was

recognized as the leading authority by all in the neighbourhood (including himself).

‘But what about this Frado that lives with him?" asked Old Noakes of By water. E.lggms is his name, but he's more than half
Trr-trbe weirymry-Brg e eriegrerh oo ey w

folks are so uuctr

"And no wonder they're queer,’ put in Daddy Twofoot (the Gaffer’s next-door neighbour), 'if they live on the wrong side of

the Brandywine River, and right again the Oid Forest. That's a dark bad place, if half the tales be true.’

“You're right, Dad!" said the Gaffer.

"Mot that the Brandybucks of Buck-land live in the Old Forest; but they're a queer breed, seemingly. They fool about with

boats on that big river - and that isnCt natural. Small wonder that trouble came of it, | say. But be that as it may,

Mr, Frodo is as nice 3 voung hobbitas vou could wish to meet, Vere much lke Me Bilbo, and in more than looks Afterall his
father was a Baggins. A decent respectable hobbit was Mr. Drogo Baggins; there was never much to tell of him,

till he was drownded.”

‘Drownded? sald several voices. They had heard this and other darker rumours before, of course; but hobbits have a passion for
family history, and they were ready to hear it again. "‘Well, so they say,' said the Gaffer. 'You see: Mr. Droge, he married poor
Miss Primula Brandybuck, She was our Mr. Bilba's first cousin on the mather's side (her mother being the youngest of the Old
Teok's daughters); and Mr. Drogo was his second cousin. 50 Mr, Frodo is his first and second cousin, once removed either way, as
the saying is, if you follow me. And Mr. Drogo was staying at Brandy Flail with his father-in-law, old Master Gorbadoc, as he
often did after his marriage (him being partial to his vittles, and old Gorbadoc keeping a mighty generous table); and he went
out boating on the Brandywine River; and he and his wife were drownded, and poor Mr. Frodo only a child and all. *

“I've heard they went on the water after dinner in the moonlight,’ said Old Noakes; ‘and it was Drogo’s weight as sunk the

boat.”

‘And I've heard she pushed him in, and he pulled her in after him," said Sandy man, the Hobbiton miller.

"You shouldn't listen to all you hear, Sandyman,’ said the Gaffer, who did not much like the miller. "There isn't no call to go
talking of pushing and pulling. Boarts are quite tricky enough for those that sit still without looking further for the cause of
trouble. Anyway: there was this Mr. Frodo left an orphan and stranded, as you might say, among those queer Bucklanders, being
brought up amyhow in Erandy Hall. A regular warren, by all accounts. Old Master Gorbadoc never had fewer than a couple of
hundred relations in the place. Mr. Bilbo never did a kinder deed than when he brought the lad back 1o live among decent falk,

Figure 0.5. Text highlighting

position is only changed if the gaze reaches the beginning of the next line, which is when the
x-value crosses a certain threshold. This was done for two reasons. First of all to avoid the box
from jittering too much and confuse the reader more than it benefitted. The second reason was
that looking away would not change the position of the highlighted text. Before the highlighted
area would follow as soon as the gaze entered the screen and therefore would not help in finding
the spot that was reached

Evaluation

Feedback

The feedback overall show a positive response to the prototype; We did not carry out an intensive
study with comparable data but we thought it was still important to see how users would respond
to the different features of the programme. Two users were asked to test the prototype and rate
each feature on a scale of 1-5, we also asked for their general opinion of the features. Both users
enjoyed the gaze scrolling; However they had disagreeing opinions on which scrolling option was
most effective or efficient. The text highlighting was rated as 3 by both participants which may
indicate it is less effective as the two scrolling features. We feel that both scrolling options have
benefits and therefore they could both be implemented and use simultaneously. The button
scrolling feature seems to be more effective for fast page flipping, where as the dynamic scrolling
feature is more suited for practical reading and slow page flipping.
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Scrolling Scrolling

"The text highlighting isn’t an-
User 1 3 3 5 noying but I would prefer read-
ing without t"

"I think the dynamic gaze
User 2 3 4 2 scrolling is great but the but-

ton gaze is too fast"

Improvements and Limitations

The prototype in the given form is very limited to a straight text without too much formatting
or longer texts, split into sections or chapters. Talking about chapters and sections another
feature to add would be jumping to the next/previous chapter and could also involve how
to display a menu of sections/chapters. It would have been very interesting to test this in a
disturbing/stressed setting like a full canteen or a busy train station to see if the highlighted
zone would actually improve focus and keep gaze longer or what effects it would have shown.
Looking at the different parameters for reading, like reading speed and focusing threshold could
open a personalised feature, where scrolling speed, scrolling position and highlighting area, could
be adjusted by the user either by manual inputs or somewhat automatically. With a reading
speed tracker, automatically adjusting scrolling speed based on an average calculated reading

speed could be implemented as a further development.

Conclusion

With the few responses we had, it is hard to state any result, but with the responses in mind
and our own observations, the current functions of the product work well and from the feedback
it would seem that implementing both scrolling options would make sense, since they don’t
overlap with each other. The difference in preference could be reading speed, which could mean
a personalisation could give different results for the same two features. Testing the product in a
distracting setting would properly give a better indication towards if the highlighting is helpful
or not, whereas in the current tested scenario it is not. Adding more functionalities, like chapter
menus or chapter skips, to make it more similar to a book or article would increase the use-cases.




