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Abstract 
This paper presents the preliminary findings of a co-
design study with children with mixed visual abilities to 
create a multisensory joint storytelling platform. 
Storytelling is a valuable way for children to express 
their imagination and creativity, and can be used as 
tool for inclusive learning. Children with visual 
impairments are typically educated in mainstream 
schools, and often encounter barriers to learning, 
particularly in group settings. To address some of these 
issues, we have been working with a group of children 
with visual impairments, their Teaching Assistants 
(TAs), and sighted friends, to design and develop 
multisensory storytelling technologies. This paper 
presents the findings of the first five design sessions. 
We also present the outcomes and challenges of 
working with mixed stakeholder, mixed visual-ability 
groups in participatory design. 
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K.4.2 Computers and Society: Social issues - Assistive 
technologies for persons with disabilities 
 
Introduction 
The majority of children with visual impairments in the 
UK are educated in mainstream schools [18], which is 
in line with trends in other countries worldwide [16]. 
Issues surrounding accessibility and inclusion can often 
make group work challenging for children with VIs and 
difficult for their educators to support and facilitate 
[17]. In the UK, Teaching Assistants (TAs) are 
increasingly responsible for the academic progress of 
these students and are often tasked with creating 
learning materials with little planning or preparation 
time. In this research, we look at the potential for 
multisensory, digital technology to overcome some of 
these challenges and improve opportunities for peer 
learning and peer interaction for children with VIs, 
whilst also supporting their TAs.  

We conducted a field study to research storytelling in 
UK primary schools and museums through interviews 
and observations. Alongside this, we ran a series of five 
preliminary workshops to establish the main 
requirements and ideas for a collaborative, 
multisensory storytelling platform for primary school 
children. Using participatory design techniques, we 
included both adults (TAs, Special Educational Needs 
Coordinators) and children in the design activities, to 
determine the key ideas to be implemented in the 
device. Here, we outline the initial findings from the 
workshops, including ideas for a hybrid digital and 
physical grid-based story system. 

 

Related Work 
Interactive Storytelling 
Storytelling is a valuable learning activity which can 
promote imagination and creativity, build confidence, 
and improve memory and sequencing skills [8]. 
Storytelling has the potential to be a social and 
collaborative activity in the classroom, which can 
engage children of different abilities and increase 
motivation to learn [9]. There has been a growing 
interest in interactive storytelling in the field of HCI 
over the last ten years [9, 11]. In the recent literature, 
tangible storytelling systems illustrate how children can 
collaborate to create and share stories using physical 
objects embedded with digital capabilities [13, 20]. 
Examples of other types of systems include online story 
editors and virtual environments [5], mobile devices 
[6] and robots [19]. However, this is still an emerging 
field and more work needs to be done to establish how 
digital storytelling tools can be used effectively in 
collaborative learning activities. Additionally, there is 
very little research on making storytelling accessible 
and inclusive of both children with and without visual 
impairments.  
 
Co-Design with Children with Mixed Visual Abilities  
Existing research shows that taking a participatory 
approach to designing learning technologies for children 
and young people with visual impairments and SEN 
leads to better design and more successful adoption 
[4], with more positive outcomes for the participants 
involved [8, 20]. There is also a growing interest in 
designing with adults and children with mixed abilities 
[2, 16]. We build on this research and previous work 
using innovative technology for supporting and 
empowering visually impaired learners [3, 10] in our  
 

 

 

Figure 1: Images from the field 
visit to The Story Museum, 
Oxford. 
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preliminary research on designing a joint storytelling 
tool for mixed visual abilities. 
 
Methodology 
Co-Design Workshops 
Five participatory design sessions have taken place so 
far in cooperation with a local primary school. The 
school is a mixed, mainstream primary (4-11 years) 
with specially resourced provision for students with 
special educational needs relating to physical 
disabilities and visual impairments. Students with a 
statement of special educational needs are supported 
by dedicated Teaching Assistants. In the initial co-
design session, three children with VIs, four sighted 
children (all aged 7-9 years), three Teaching Assistants 
(TAs) and one Special Educational Needs Coordinator 
(SENCo) took part. In the subsequent four sessions, 
two of the children with VIs, three of their sighted 
friends, two TAs and 1 SENCo participated.  
 
The aim of the workshops have been to establish 
requirements for a joint storytelling platform and begin 
designing and prototyping possible design options. The 
workshops have so far involved a combination of low 
and high-tech prototyping and we have explored a 
range of established and modified participatory design 
techniques to facilitate participation from both children 
with mixed visual abilities and mixed stakeholders 
(children, TAs and researchers). Techniques have 
included the future workshop technique, fictional 
inquiry [14] and bag of stuff [7], presented here in a 
more accessible format as a “box of multisensory stuff” 
[16] (Figure 2).  
 
 
 

 
Field Study  
In parallel to the design sessions we conducted a 
limited field study, with the aim of finding out more 
about the impacts and outcomes of storytelling for 
individuals and groups, and gaining insight into how 
collaboration can be encouraged in a storytelling 
context. To date, one local primary school and a 
museum in Oxford have been involved in the field 
study, and three interviews and two observations have 
been carried out. The interviews have involved two 
class teachers of the children with VI participating in 
our co-design study, and one storytelling practitioner 
from The Story Museum in Oxford. The observations 
include a literacy lesson in a mixed classroom with one 
of the children with VI, and an observation of a whole-
class storytelling workshop for sighted children at The 
Story Museum (Figure 1). The findings of the field 
study were used to inform the structure and content of 
the co-design workshops. 

 
Preliminary Findings 
The five workshops have covered: i) augmenting 
traditional storybooks; ii) future schools and 
storytelling tools; iii) story mapping with an initial 
prototype; iv) characters; v) story sequencing with a 
second prototype. The first and second workshops 
established the design space and conceptual overview 
with our participants. During the first workshop, the 
participants explored how traditional storybooks could 
be made more engaging and inclusive by using 
different sensory modalities (hearing, touch and smell).  
Each group was given a storybook and asked to explore 
how it could be augmented with the multisensory craft 
materials. In the second workshop, participants were 
tasked with thinking about future technologies for 

 

 

 

Figure 2: The modified “box of 
multisensory stuff” (above)  
included crafting materials that 
provided different affordances in 
different modalities in-line with 
children’s interest, e.g. 
pronounced visual appearance, 
unusual tactile experience, audio 
recorders, flavours and scents. A 
compartmentalized organization 
of materials made it easier for 
both children with and without 
visual impairments to access the 
materials independently during 
the workshops (below). 
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collaborative storytelling. Following a discussion, 
participants took part in a crafting session in which they 
designed these future tools using the multisensory craft 
materials from the previous workshop. 

In the most recent three workshops we have started to 
develop ideas and introduce prototypes, which focus on 
the auditory input and output of the system. In the 
third workshop, the participants were asked to think 
about story structure and we introduced two 
prototypes, a high-fidelity storyboard for recording and 
playing back a short narrative, and a lo-fi grid tactile 
grid, to explore mapping out narrative in different 
ways. In the fourth workshop, participants were asked 
to think about the role of characters in stories and start 
to explore tactile representations of character. In the 
fifth workshop, we introduced a second prototype of a 
story grid, using buttons to record audio, and RFID to 
enable participants to move a tactile character along 
the grid to playback auditory segments of the story 
(Figure 3).  
 
Through the workshop sessions, the children and 
educators outlined a design for a three-dimensional 
joint storytelling system, which uses a grid for 
navigation, has pop up characters and props than can 
be coded to speak and move, and programmable grid 
squares which can emit smells and sounds. Overall, the 
system should be able to capture and play back 
narrative and also print out a copy of the story in both 
print and braille.  

During the sessions we explored character in more 
detail, thinking about types of characters, (e.g. 
“superheroes”, “robots” and “animals”), the capabilities 
of characters (e.g. talk, move), relationships of 
characters to each other (e.g. “enemies” and “friends”), 

and different forms and physical representations of 
characters in a tangible system. We also discussed 
levels of detail, from abstract representations (shapes) 
to direct representations with high-levels of detail 
(playmobil figures) and thought about which might be 
better for supporting imagination and creativity. We 
found that the child with VI demonstrated imaginative 
thinking with all of the props, with the duplo shapes 
morphing into “a megatron monster” and promoting the 
most creative ideas, whereas for the sighted child, the 
dinosaur figures were best at facilitating generation of 
story ideas. Throughout the workshops, we focused on 
non-visual materials for both the design of the activities 
and the selection of materials. We used sound as much 
as possible, for example with soundscapes and 
audiobooks, to engage non-visual senses and promote 
imaginative thinking and creativity. Using the 
multisensory box of stuff, the children also started to 
think about incorporating tactile and olfactory 
experiences into the design of the system.  

Discussion 
We used several PD techniques, for example, the bag of 
stuff technique, fictional inquiry and future workshops 
[7, 14], with some modifications to accommodate the 
needs of our participants [1]. We also designed 
activities to be engaging and encourage imaginative 
play, using scaffolding and embedding learning 
objectives so that children could learn about the subject 
matter being explored. 

This research builds on previous work exploring the 
need to adapt and extend techniques depending on the 
participants’ levels of design expertise for children with 
and without SEND [1, 7, 8, 16, 20], for example the 
adaptation of the bag of stuff to the box of 

 

 

 

Figure 3: Top: The story-wave 
prototype for recording and 
playing narrative segments; 
Middle:  Tactile grid using 
different textures; Bottom: The 
grid prototype with characters 
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multisensory stuff as a more appropriate technique for 
our visually-impaired participants. We also leveraged 
participants’ individual abilities and interests [1], 
including a focus on audio recording, which one child 
with VI particularly enjoyed, and incorporating the 
colour red into activities to appeal to another child with 
low light perception. 

We have encountered some of the issues which have 
been raised in the prior literature, for example 
structuring activities so that they address the main 
design questions for the session, whilst still providing 
enough scope for creative exploration [15], as well as 
problems with turn-taking and one child dominating 
discussion [1]. Additionally, we found that in some 
instances, the sighted children saw the sessions as 
more about their friend with VI, and thought of 
themselves as secondary in the process. With this in 
mind there is a need to make the sessions and design 
activities more inclusive and appealing to both sighted 
participants and those with VI.  

We have reported on the first five workshops for co-
designing a multisensory collaborative storytelling 
platform with educators and children with mixed visual 
abilities. Future workshops will explore other important 
aspects of the multisensory storytelling tool: 
integrating audio i/o and effects for narration and 
dialogue, the use of sound effects and soundscapes, 
olfactory arrays, tactile aspects (texture, form, 
vibrotactile cues), and visual aspects (lights, colour). 
Additionally, a main focus for future work will be 
investigating different ways to better involve educators 
(particularly TAs) in the design activities, in order to 
facilitate more genuine participation with mixed-

stakeholder and mixed visual ability groups in the 
design and development of the storytelling platform.   
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