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Motivator for Active Reading 
Compared to stationary tactile pictures, all experts agreed 
that movable pieces help children learn mobility and spatial 
concepts by being actively engaged in the book reading. 
Usually, VI children are in a passive reading situation; they 
listen to parents and teachers reading. Giving control to 
children with movable pictures encourages them to dive 
deeply into the story. The Teacher of blind and deaf students 
said that having an opportunity to manipulate parts of 
pictures is a huge motivator. Even for sighted kids, tinkering 
with pictures allows them to pay attention to what they are 
doing and helps them retain a focus on mobility.   

Literacy Evolution through Variations of Interaction 
All teachers and the artist liked the four variations of doors of 
Dear Zoo, because they believed this teaches distinct 
concepts by same iteration. Children will learn what the cage 
looks like on the first page, and then concentrate on the 
smaller door to feel how it is different from the previous 
plain shape. Children finalize this development in their 
emergent literacy as they open a pair of doors in two 
directions, or a flap door down. This process presents the 
versatility of door shapes and opening actions. Not only that; 
by touching part of animal inside via the ribs of the cage and 
through the window, children can try to guess the salient 
feature of the animal, such as monkey’s tail and bumps on a 
camel’s back. This activity can be the trigger for 
remembering the specific animals.  

Post-assembly as a Fun Activity 
Our movable pictures are often broken down into separate 
flat pieces in order to print faster and more reliably (e.g., 
avoid scaffolding).  Post-assembly is necessary but we were 
concerned about the burden it may put on users. The librarian 
and the teachers of VI children commented that doing special 
tasks makes the educational material unique for their 
children. They suggested the process of putting individual 
pieces together “could add more fun” to the overall reading 
experience and would “make the book even more meaningful 
to an individual child.”  

Design Considerations  
From the discussions with experts, we have identified several 
important design considerations for further improvements to 
our approach in creating 3D-printed movable tactile pictures.  

How should a series of concept be presented? 
As the door example from Dear Zoo illustrates, iterating a 
simple interaction with various types helps children to build a 
firm concept of literacy. Tactile book publishers from 
National Braille Press recommended that we transcribe 
Noah’s Ark for our next creation. That book introduces a pair 
of animals on each page, using different postures and 
perspectives. At the end of the book, a composite of all the 
animals reveals different perspectives, their relative size 
differences, and presents the spatial concept by relying on the 
animals’ relative positions, such as in the sky where birds fly, 
and on the ground where the snake crawls. 

What is the age of the child? 
A child’s developmental level of literacy depends greatly on 
the age of the child. For older kids who already know what a 
mouse looks like, the tactile picture needs to present very 
detailed appearance of a mouse, e.g., including four legs and 
a relatively fat thigh. However, for children ages 0–2, who 
have never heard of or touched a mouse, it is more important 
to emphasize its long, curvy tail and big round ears, even if 
exaggerated beyond those of a mouse. 

What is the key intended message to convey? 
The relative size of objects in one page and the simplicity of 
the abstraction are controversial points, so we need to be 
careful in considering these design factors. When the book is 
targeting young children and we want to introduce the shape 
of an animal, experts say we do not need to consider the size 
at that page. For example, an elephant on the first page of 
Noah’s Ark can be the same size as a duck on the second 
page, because the two pages are intended to convey the 
concept of shape not relative sizes of each animal. 

How should a picture be simplified?  
The level of simplicity follows two previous design 
considerations: age and key idea. A good tactile picture 
highlights only one concept per object at one page. If too 
much detail is incorporated, it causes distraction. To keep 
children’s attention on the picture, it needs to focus on the 
noticeable feature of object interpreted in a tactile picture. 

How can co-reading be supported? 
Sighted children hear countless other relevant words as well 
as a story when their parents co-read children’s books, thus 
enhancing book-reading experiences [1, 2]. Transcribing an 
exact picture is an important task, but providing context by 
formatting the page to encourage questioning and answering 
will induce strong intellectual curiosity in children. For 
example, a window in a door at Dear Zoo, leads children to 
touch inside the window first, can foster interaction between 
children and parents, asking and answering to guess what that 
is, and building substantial bonds that help co-readers 
understand children’s interests. 

How can textures and colors be incorporated? 
Most of our prototypes were uniform in color, and their 
textures were based on a single material. Several experts 
commented that high-contrast colors could be attractive to 
children with residual vision. They advised against precise 
colors, which is almost impossible for current 3D printing 
without painting. For example, a giraffe’s body does not 
necessarily need to be ocher in color with brown spots. One 
suggestion was to use one solid color for the background, 
another solid color for an animal’s body, and yet another 
color for doors in Dear Zoo. In addition, polygonal textures, 
such as raised dots, could be used to represent the brown 
spots on the giraffe’s body without coloring them.  

Other Suggestions and Comments 
Experts also had a few comments on our next iteration. They 
suggested that the book be printed as same as original book 
published. Grabbing too small pieces makes the page more 
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fragile, but larger 3D-printed objects are more legible. All of 
the experts recommended soft textures, e.g., using fabrics and 
yarn. It was commented that smoothing the surfaces would 
enhance the tactile experience and make it more attractive. 
Synthesizing several printing techniques or even hands-on 
fabrication of various materials will enrich children’s 
understanding of natural attributes of real-life objects. In 
addition, pictures always support children’s development of 
literacy; tactile pictures will provide children an excellent 
opportunity to learn braille inversely. By putting simple 
words in braille beside the tactile pictures and movables, VI 
children will remember braille efficiently with the memory of 
touch experience.  

LIMITATION AND FUTURE WORKS 
In this work, we elected to focus on domain experts who are 
advocates for VI children as user test subjects. It is a sensitive 
matter to conduct "study" on young children with visual 
impairments. Treating VI children as subjects in controlled 
experiments in this phase should be extremely cautious. We 
rather want them to receive quality models that have been 
iteratively designed and validated by domain experts. Rather, 
we delivered our physically printed tactile picture books to 
the community has VI children, such as family, school, and 
the public library for people with visual impairments, 
Colorado Talking Book Library (CTBL) for circulation. 
Also, we shared the printable file online, recording more than 
100 downloads per books, and we have started collecting 
feedback from users. We will focus our research efforts into 
see the effectiveness of 3D printed movable tactile pictures as 
educational materials, by observing differences on literacy 
development level given regular children’s books and our 
model. We would love to report our findings as design probe 
to define more moving primitives, and improve the proposed 
system in near future. 

CONCLUSION 
We present an approach to creating 3D-printed movable 
tactile pictures for making children’s books’ interactive 
contents accessible to VI children. We defined five 3D 
movable structures that can be used to transcribe mobility 
features from pictures, demonstrated how our approach could 
be applied to the transcription of six children’s books. 
Findings from six interviews with domain experts revealed 
that movable tactile pictures would be desirable for VI 
children. Several ideas for improvements and refinements to 
our technique are highlighted. 
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