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ABSTRACT
Tangible User Interfaces allow users to manipulate digital informa-
tion while taking advantage of their skills in using physical objects.
This may be especially advantageous for older users with a lack
of experience in technology use. This paper presents the imple-
mentation of TorBook, a tangible user interface in book format that
detects the page that is open. We conducted an evaluation with 20
older adults to evaluate the functionality of TorBook. We find that
participants feel comfortable with a tangible interface that uses a
book metaphor, but that manipulation must be improved to become
as similar as possible in its use as a regular book.

CCS CONCEPTS
• Human-centered computing → Usability testing.
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1 INTRODUCTION
Globally, people are living longer, which means that between 2015
and 2050, the population of older adults will more than double [1].
Many older adults fully participate in the digital world, and most
have a positive attitude towards technology [13], generally wel-
coming technology that improves their quality of life [2]. However,
there are groups of older adults who, because of declining motor
skills or lack of opportunity in accessing digital technology, are not
able to fully engage in the use of technological devices.
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Tangible User Interfaces (TUI) allow users to take advantage of
their skills in using physical objects, making “digital information
directly manipulatable with our hands and perceptible through our
peripheral senses through its physical embodiment” [10]. Older
adults who are not users of technology may be more willing to
accept its use if it resembles technologies they are already used
to [4]. The role of objects is important in the lives of older adults,
and design of technology around important objects should consider
underlying emotions surrounding the objects, the type of commu-
nication that will be implemented and how, how technology may
enhance memories associated to objects, as well as which objects
should not be intervened [19]. The book has been proposed as a tan-
gible user interface (BUI, book as user interface) especially for older
users, e.g. to send e-mails [6]. The book has also been used as part
of a tangible interface kit to evaluate older adults’ user experience
[9]. This paper details the implementation of TorBook, a tangible
book for older users, explaining how it was designed, tested and
improved until it was able to be used by the older adults.

This paper is organized as follows. First, we present the related
work on tangible books, and those tangible books especially de-
signed for older adults. Then, we present the iterative design and
implementation of TorBook, followed by our evaluation, discussion
and conclusions.

2 RELATEDWORK
2.1 Tangible books
Metaphors can help users understand interactive systems in an
efficient way. Tangible books directly use a book metaphor, lever-
aging users’ knowledge about how books work. The metaphor of
the book is only partial, because other elements are included for
the interaction with the user [16]. Tangible books have been pro-
posed for several purposes. One such purpose is improving student
learning, e.g. TaBooGa is a hybrid learning application to increase
reading motivation in children, incorporating tangible elements
to navigate through the book. That research concluded that a bal-
ance is required between the tangible elements so that students are
motivated, but not distracted, from the target task [12]. Another
example is an interactive book which uses paper circuits and projec-
tion mapping to teach veterinary students about bovine laminitis
from interactive simulations. In this case, the participants expressed
that the use of this platform made them more interested in anatomy
than they previously thought [5].
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Other books have been used for entertainment or/and memories,
in which the user can place items such as images, videos and objects.
Memory Book is like an album of photographs where the user
can remember the experiences and emotions that they felt at that
moment in their life [11]. Another book for entertainment and
learning is a physical-digital hybrid: a physical book is synchronized
together with a tablet so that when the page is flipped the content
of the screen is modified. In this study, the participants had to
imagine a story and finally, give it life in the physical book and
on the tablet. In this study it was determined that the book is an
expressive instrument with multiple levels of interaction [18].

2.2 Tangible book for older adults
Physical or cognitive disabilities related to age can have an impact
when operating traditional user interfaces. However, ease of use
and learning are key factors for the acceptance and adoption of
new technologies, and that tangible design allows the development
of easy-to-learn technologies for older without prior knowledge
of computing [17]. Therefore, using tangible books can help older
adults use technology. Some tangible books have been specifically
created to help older users interact with technology or digital in-
formation. For example, one such book tangible interface with
integrated instructions, providing a guided process to send and
receive emails. This design was made to provide a familiar interface
for older adults and avoid the unfamiliarity and possible problems
of interaction with computers [6].

Tangible books have also been used to provide support in the
activities carried out by older adults in their daily lives. Tertulibro
is a hardcover device made of vinyl (mimicking the leather cover
used in old books). The book integrates physical and digital media
to help older adults share their discussions and narrations in a
natural way, in informal but periodic social meetings. The prototype
includes a control panel with buttons to activate the functions of
the device, e.g. narrate, comment, pause and record. It was shown
that tangible computing can be used to support the practices during
thesemeetings [15]. Designing a tangible book aimed at older adults,
which can identify the open page, will allow extending that design
to different functionalities and interactions. Therefore, this paper
aims to present the design and implementation of this type of
interface.

3 DESIGN AND IMPLEMENTATION PROCESS:
TORBOOK

The motivation to make TorBook was to design a book for older
adults that identifies the page that is currently open, so that the
book can provide other actions, services or tasks to older adults
e.g. sound, manipulation of book elements, voice recording, among
others. In the particular case of TorBook, each page would present a
question that the user would have to answer and would be recorded
through other mechanisms - i.e., it was necessary to know at any
point in time which page was open. The development of TorBook
was an iterative process that had three phases: design, materials
and development.

3.1 Phase 1: Design
We used paper prototyping as a method to inspire ideas of how
the book could be regarding shape, size, font, and other elements,
and the best way to interact with the book. We made several de-
sign decisions based on the created prototypes. These were the
following:

(1) The interaction should be as similar as possible to using a
book in real life.

(2) The font size of the book should be suitable for older adults
with vision limitations.

(3) The book should be intuitive for older adults, with low cog-
nitive load.

(4) The book should be set on a slanted stand with an inclination
of 120 degrees to allow the user to have a clear vision of the
content.

(5) The book pages should be numbered, so users and researchers
would be able to identify each page.

3.2 Phase 2: Materials
The main materials to make the book were the following: Sheets of
paper is flexible material and allows the movement that the book
needs. In addition, it is the material commonly used in books and
therefore is well known by the users. It was decided that the stand
would be made of wood because it is a strong and light material.
In addition, this type of material can be attractive to users [14], and
specifically in the case of older adults this aspect may be stronger
by evoking reminiscing. Finally, for the implementation of the book,
Arduino components and a battery will be used.

3.3 Phase 3: Development
The objective of the book is to be able to detect which page is open.
For this to be possible, a signal from the book must be sent to the
processor indicating which page is open. This section describes
each of the prototypes we created while trying to fulfill the design
requirements established in Phase 1.

3.3.1 Version 1. The binding used in this version is similar to rustic
stitching. It uses a sheet which is divided in two: one page has the
number of the question, while the other page has the question. To
bind the pages of the book together, each page is pasted with the
previous one as shown in Figure 1.
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Figure 1: A page of the book with the question and question
number.

The first version of the book was made using bond paper sheets,
electrically conductive paint (Bare Conductive Electric Paint Pen
10ml) and electrical cables. To detect the current page, we placed
conductive paint on the bottom edge of each page. The idea was
that the conductive paint would generate contact with the front
and back pages when the page was closed and a signal would be
sent to the controller by means of the electrical cables, otherwise
no signal would be sent if the page is open. The bottom of the page
of the question number is connected to 5V, while the contact of the
question page is connected to the controller to receive the signal.
In this way, we can identify on which page we are.

During the tests in the laboratory, a problem with the contacts of
the conductive paint was evidenced, since when the page is closed,
contact with the previous and next pages is not achieved. This is
because the pages of the book are very light, so they do not remain
completely open. For this type of book to work, the user would
have to continuously exert a force on the inferior edge of the page.
Even then, if the user stops exerting the force, the pages separate
again.

3.3.2 Version 2. The second version tried to solve the problem of
the contact of the current page with the other pages (previous and
next). Aluminum foil was added over the conductive paint, in order
to increase the contact volume and its weight (see Figure 2). With
this change, we expected that the contacts will be held together.

The results of laboratory tests showed significant improvements
with respect to the previous version. However, the contacts stick
on some occasions, so there is a rate of error in detecting that the
book is open. This solution presents an aesthetic and functional
improvement, so we decided to continue improving the idea of
having the contacts covered with aluminum foil.

3.3.3 Version 3. Since the contact problem persisted, it was decided
to change the conductive paint for 1mm thickmagnets. Themagnets
were placed under the foil contacts. It was expected that the force
exerted by the magnets on each page would be enough to keep the
pages closed.

In the tests, there was an improvement in the detection of the
open page, but the detection was still not completely reliable. In
addition, it was evidenced that the paper was prone to be torn when

Figure 2: Aluminum foil was added over the conductive
paint.

Figure 3: Cardboard lined book.

used, affecting the operation of the book, because the contacts could
break.

3.3.4 Version 4. To solve the problems of the resistance of the
paper, we decided to use cardboard-lined paper (see Figure 3), which
would be placed between the pages that are stuck. The idea was
that this type of material would provide greater resistance on each
page. As a result of this change, the book increased its thickness
and weight, thus hindering the operation of the book (it became
difficult to turn the page).

To improve the binding of the book, it was decided to use a
ring-type binding. The ring used was extracted from a folder. The
tests reflected a completely reliable page detection: every time a
page is changed the correct signal is obtained in the controller. The
ring used can be seen in Figure 4.

However, while testing, we felt that turning the pages of the
book became unnatural and different from the expected feeling of
turning a book page, requiring more force and a different pattern
of movement for the page to pass through the rings.

3.3.5 Version 5. For version five of our project we decided to use a
binding similar to staples, which consists of pages connected by the
spine of the book. In this way, the cover of the book is connected to
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Figure 4: Ring-type book.

the back cover of the book, while the center pages are connected,
as shown in Figure 5.

Figure 5: Book used magnets of 1mm thickness.

This version still used 1mm magnets, and with the stapled bind-
ing, the pages were successfully detected. However, the thickness
of the book increased significantly, since the book has 16 questions
and 2 magnets are used for each page of the book. Even when
the book improved its functioning, the aesthetics of it were not
pleasant.

3.3.6 Version 6. The last version of our book used 0.4mm thick
magnets, to improve the aesthetics of the book without losing
functionality (see Figure 6).

Figure 6: Final book

This version of the book fulfilled all the stated requirements.
The final scheme of TorBook architecture is shown in Figure 7. The
interface of the book was implemented using Arduino Mega 2560
R3 as a controller, SparkFun MP3 Player Shield for sound, a 12V
battery and an on/off switch.

Figure 7: TorBook architecture scheme

3.4 How to use TorBook
In this research it was decided that the book had 16 questions and
that the user read each question and answered it aloud.

The front page of the book is the cover, when opening the first
page, the number of the page that is open is presented on the left
side, while on the right side is the question that is asked of the user.
The user after answering the question goes to the next page. If the
user skips a page the system will indicate it to the user by voice.

4 METHODOLOGY
4.1 Recruitment, Participants and study

procedure
To contact older adults we placed posters around the university
campus to invite older adults to participate in our study, and we
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used snowball sampling by asking participants if they knew another
adult people who could participate in our research. The participants
were compensated with a 15 USD gift card for their participation.
The university ethics committee (170711013) approved this study.

A total of 20 older adults between the ages of 60 and 83 par-
ticipated (6M, 14F, Avg. = 65.6, SD = 5.46). The inclusion criteria
was the following: 1) being 60 years of age or older, 2) not having
cognitive problems, and 3) speaking and understanding Spanish.
The Table 1 a summary of the participants’ data is shown.

Table 1: Study Sample

Age (average) 65.6

Gender Female 14 70%
Male 6 30%

Digital skills

None 8 40.0%
Low 5 25.0%
Basic 3 15.0%
Above Basic 4 20.0%

Lives with Family 17 85.0%
Alone 3 15.0%

Educational level

None 1 5.0%
Primary 8 40.0%
Secondary 4 20.0 %
Technical 4 20.0 %
University 3 15.0 %

During the study, the participants used TorBook as part of the
evaluation of a system for older adults to report their user experi-
ence with an application. This paper focuses on those aspects of the
evaluation that are specific to the book interface. Each evaluation
lasted 50 to 60 minutes. The following activities were carried out:

(1) First, a brief explanation about the purpose of the study was
provided. Then, the participant signed an informed consent
form (10 minutes).

(2) The participants then provided demographic data (5 min-
utes).

(3) The next step was to complete a digital skills questionnaire
[7, 8] (10 minutes).

(4) The participants then interacted with a TorBook, as part of a
study on a tangible interface that included the book. Each
page of the book had a question for the older adult to answer
out loud. During the evaluation a researcher observed and
took notes (15-20 minutes).

(5) Finally, the first author conducted an interview to know the
perception of the use of TorBook (10-15 minutes).

4.2 Data analysis
This evaluation focuses on those comments from participants that
pertain only to the tangible book, as this study was part of a larger
evaluation effort. We especially focus on participant’s comments
that are related to the technical difficulties in page detection. Quotes
from the participants are presented here translated from Spanish.

5 RESULTS
All participants were able to successfully use TorBook and the book
generally detected the open page correctly, without problems with
the technological elements. Since out of the 20 participants, 10 had
problems with the magnet and on average 3 times (pages). Also,
they mentioned that this was the only problem they had when used
TorBook.

Several participants found that the magnet of the book was not
precise, i.e., it did not make immediate contact. One participant
stated,

“That part - managing the magnet - should be more
precise, because the magnet does not stick well every
time” (P16,F, none, 66 years).

Participants felt they had to press the magnet against the magnet
of the previous page with greater force, to recognize the new page
opened. This type of behavior was observed several times during
the evaluation, with one user stating“I must use more force" (P7,M,
above basic, 63 years). Another participant stated,

“The handmade aspect is nice, but maybe (...) it could
turn the page on its own, so it would not be needed
to do that [help the paper by pushing it forcefully]”
(P4,F, basic, 65 years).

A positive aspect is the size of the font “The questions are clear
and the font size is large ... easy to understand" (P1,F, above basic,
70 years).

6 DISCUSSION
When designing tangible interfaces for older adults, their memories
should be taken into account to create objects that are familiar to
them to use, since this type of interaction will allow older adults
to manipulate digital information with their hands and perceive
it with the senses [10]. In the same way, in this study older adults
used the tangible interface almost without assistance from other
people (only in the case that the magnet failed to make contact),
which is understandable if we take the fact that older adults know
as use a physical book, and therefore, manipulation of physical
objects is not unusual.

The interaction granted by a tangible interface for older adults
should happen in a natural way, without inconsistencies with the
real life objects used as metaphors [3]. Our results indicate that
the manipulation of the book was not unknown to older adults.
However, during the manipulation on some occasions the contact
of the magnet with the previous page was not accurate, which made
our participants wonder if they were using the book correctly, since
they had to press the part of the magnet, making the interaction
unnatural when compared to a physical book. This type of inconve-
nience makes older adults feel insecure and that the system is not
consistent. Therefore, TorBook must evolve to become as similar
as possible and transparent in its use as a regular book, hiding
the technological aspects: the magnets should be invisible and the
users should feel confident that whenever a page is open, the in-
terface will correctly detect which page it is without additional
manipulation.
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7 CONCLUSION
This study presented the implementation of a tangible book for
older adults, that detects the page that is open. This may be useful
for many other projects that require detection of which page the
user is looking at.

We found that older adults felt comfortable with the book, even
as part of a technological interface, because the interaction with a
book is natural for them. But there was a problem with the contact
of the imams, which in some occasions caused the participants to
become confused with the operation of the book. This problem is
more about technology than about knowing how the book works.

In terms of future work, we will improve the book to make it as
close to a regular book as possible, hiding those aspects that are
related to page detection (e.g. the magnets). We will also work on
evaluating the book in different contexts, as such an interface may
be useful not only for older adults but also for other populations,
e.g. children.
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