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Abstract. More than anybody else, individuals with Autism Spectrum Disorder
(ASD) easily suffer from environmental stimuli and sensory overloads due to
their particular sensory perceptual systems which also cause attention related
problems as well as communication difficulties in everyday lives. In our previous
interaction design explorations for augmenting attention of autistics, we sug-
gested that it would be beneficial to keep track of autistics’ individual differences
and needs, and provide information accordingly [1]. Even though the existing
methods that examine autistic sensory perception provide extensive knowledge,
they are insufficient to provide in-depth user specific live data for a learning and a
sensory-aware system which satisfy such particular differences. Thus, as we carry
on ideating attentive user interfaces for autistics, our current studies focus on
possible research methods which can access sensory perceptual data in individual
levels. Here in this paper, we share our preliminary insights from the studies on
exploring sensory ethnography and, depending on our three ongoing and inter-
connected prototypical studies, we suggest that this can reveal and represent
novel ways of seeing the already known information of how autistics perceive the
world and insights for the design of a sensory ethnography tool.

Keywords: Autistic spectrum disorder (ASD) � Mediated reality � Sensory
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1 Introduction

Autism spectrum disorder (ASD) is clinically defined as a neurodevelopmental disorder
manifesting itself during early developmental period of life and it is characterized by
impairments in social interaction and communication, repetitive behaviors and restricted
interests. These characteristics vary in severity from person to person and this is why it is
called spectrum. With the DSM-5 (The Diagnostic and Statistical Manual of Mental
Disorders - 5th Edition) definition [2] sensory aspects of the disorder appears among
other characteristics and current studies [3] suggest that sensory perceptual experiences
(SPEs) underlie these characteristics.

SPEs cover the symptoms such as hypo- and hypersensitivity to environmental
stimuli, distorted and fragmented perception, sensory overloads, difficulty in interpreting
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the stimuli, fascination with or inability to tolerate certain colors, objects, textures etc.
[4]. These symptoms are prominently reported in autistic accounts such as autobiogra-
phies [5–7] as well as in clinical studies. Due to such conditions, ASD individuals often
suffer from attention problems and tantrums particularly while socializing, learning and
working.

In order to provide less challenging spaces for autistics, we are exploring the design
space of novel user interfaces and/or interactive spaces that refine autistic sensory
perception by means of augmented and diminished reality (Fig. 1). Deriving from the
discussions of our previous studies [1] on such solutions for autistics, we now explore
the world of autistics’ SPEs. Our explorations are based on ethnographic studies which
lead us to search for new data collection methods grounding themselves to ethno-
graphic research. At the end of this study, we discuss the possible scenarios when we
use biosensors to track SPEs of ASD individuals and combining the data with sensory
ethnography studies in order to inform design processes.

2 Background

With the main aim of developing learning and sensory-aware interaction design
solutions for refining autistic sensory perception in everyday life situations, we suggest
to use sensory ethnography and biosensors. Here, we briefly go through significant and
recent literature on these two concentrations.

Fig. 1. Exploration methodology: (a) conceptualization and literature review (b) design research
with the insights from our preliminary studies (c) designing the system with the user data
collected from sensory ethnography study with biosensors.
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2.1 Autistic Sensory Perception

In film and TV, most of the autism representations invite non-autistics to understand
autism only by looking at it [8] from a non-autistic perspective. Thus, existing media
representations are lacking in conveying the ASD perception to non-autistic audiences,
even if they are based on real stories and consulted by domain experts as well as ASD
individuals [9]. Even though there are simulation examples of SPEs such as the per-
formative show in the theater adaptation of Mark Haddon’s fictional book [10] on
autistic traits, these examples can only cover a limited part of autistic SPEs and they are
not adaptive. Such absence motivated us to go deeper in this relevant research question
of how to visually represent, illustrate the autistic perception, or in other words, create a
live, learning autistic reality.

On the other hand, autobiographies and novels written by autistics are of high
importance in terms of sampling SPEs through autistics’ eyes. Bogdashina [3] revealed
the patterns of SPEs in autism by analyzing sensory descriptions and related behaviors
in such accounts. She examines these experiences in four different aspects: (a) possible
sensory experiences; (b) perceptual styles; (c) cognitive styles; (d) other sensory con-
ditions. In possible sensory experiences, she explains how the real world, the raw stimuli
(as non-autistics sense), such as colors, tastes, sounds etc. Sensed differently by autistics
due to their particular sensitivities and processing styles such as fragmented, distorted or
delayed. In perceptual styles, she lists autistic’s coping strategies against the sensory
experiences. As information processing, memory and attention in autism is examined in
cognitive styles, in the last part she explains unusual SPEs such as resonance and
daydreaming [4]. Categorization of SPEs is underpinned by qualitative and quantitative
studies with autistics as well [11, 12]. These studies also show that each autistic person
has unique combinations of perceptual and behavioral traits that we can not be fully
covered with categorizations.

Since each autistic is uniquely affected from different types of environmental stimuli,
and preferences and SPEs change over time,we need profound user datawhen developing
interactive solutions for autistics. However, existing studies and categories are insuffi-
cient to base our user research on.Additionally, collecting data from autistic individuals is
a challenging task due to the differences in their perception, cognition and communication
abilities, particularly of those who are on the severe points of the spectrum. Mostly
because they don’t communicate how they sense the world. We are in need of adaptive,
aware and learning environments to keep track of and deal with SPE related problems.

2.2 Sensory Ethnography and Biosensors

Sensory ethnography is where the researcher engages with interconnected senses (i.e.
multisensory), uses different media together and goes beyond textual representations by
engaging with art practice [13]. It covers the activities that researcher does with the
participant in order to sense together. Walking, eating or dancing with the participant
(mobile methods) are examples of such activities. During these activities, sensory
ethnographer creates evocative material such as photos or videos in order to re-sense
and represent the participant’s encounter with the environment.
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In this regard, sensory ethnography is a fruitful method which can inform the
design process by providing knowledge about how the participant (user in design
context) senses the environment. For example, in LEEDR (Lower Effort Energy
Demand Reduction) Project, sensory ethnography is applied in order to reveal how
participants interact with sensory (e.g. temperature, lightings, coziness) and digital
(usage of control devices) aspects of home [14]. This enables redefining the energy
consumption problem and developing new Human-Computer Interaction (HCI) design
solutions for domestic usage [15].

Besides its outcomes for design practices, O’Dell and William suggest that sensory
ethnography can provide better ‘sensory understanding’ when it is represented with
drawings, cartoons or sculptures as well as photos and videos [16]. They also propose
that such representations are more ‘evocative and convincing’ comparing to textual
transcriptions. This is where sensory ethnography meets with art practice in order to
convey the ethnographic content to related audiences.

Spinney [17] brings sensory ethnography one step forward: He claims that mobile
methods are reductive due to participants’ verbalizations and unintentional filterings,
thus, these methods don’t profoundly reveal how the participants are affected by the
environment. According to his theoretical suggestion, ‘unfiltered’ data collection is
possible by combining these methods with biosensors. Based on the studies of Aspinall
et al. [18] and Nold [19], he suggests that, doing mobile ethnography, with the support
of biosensors such as EEG and GSR, provides quantitative data as much as qualitative.

As ethnographic research methods are shifting from conventional observations into
engagements with the research subject by adapting multiple media and methods [20],
autism, as one of the most unlocked realms of qualitative research [21], needs new
methods that can reveal individual differences profoundly. Herein, combination of
sensory ethnography and biosensors as a research method [17] sounds promising to build
a learning and aware system for ASD individuals. However this combination was used in
different contexts in previous studies [18, 19], ASD is not included in these contexts yet.

3 Method

When doing design research for autistics, perceptual, cognitive and social autistic traits
hinder conventional ethnographic methods such as interviews and observations. In order
to design for autistics, we believe that our design research should be constructed upon
unconventional ethnographic methods which can help us going beyond these barriers by
probing how each autistic individual senses and perceives environmental stimuli.
Drawing on our literature review on autistic sensory perception and sensory ethnogra-
phy, we are conducting three preliminary, interconnected and life-long ethnographic
studies. We hope these studies will inform our next steps in design research.

3.1 #Autisticmoments

We started shaping our ethnographic research on Instagram since it’s a suitable platform
to access numerous users, observe and archive the way they see the world as well as to
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reflect how we engage with the sensoriality of our surroundings. We created a hashtag
called #autisticmoments on Instagram and, based on our literature review, we try to see
the world through autistic eyes. We take and upload photos and videos that can represent
autistic sensory perception. We search for irregular patterns, flickering color combi-
nations, fragmented images etc. Particularly based on the sensory experiences catego-
rized in Bogdashina’s study [4]. This hashtag has lately turned into a participatory study
with the contribution of people who are interested in the topic. We and many other users
we don’t know, still upload new photos on this hashtag and invite participants to
represent their sensory perceptions regardless of being autistics or not (Fig. 2). Addi-
tionally, we try to spread this hashtag among ASD individuals to represent their SPEs.

3.2 Sense Journal

In order to collect autistic sensory perceptual data, we designed a ‘Sense Journal’ which
is an A5-size notebook that allows participants to carry around and record their sensory
perceptual preferences and experiences based on time, location (Fig. 3a) and six senses
(vision, hearing, touch, smell, taste and proprioception).

After publishing an announcement of this study on various social media channels,
we reached 12 autistic participants through their parents who responded to the
announcement. Based on their level of ability to read and write (which was reported by
their parents), we selected 5 autistics who are older than 18 years and sent them the

Fig. 2. #autisticmoments photo examples by which we reflect possible SPEs

Fig. 3. Sense Journal: (a) chart for recording the SPEs based on time and location
(b) #autisticmoments photos to evoke expressive descriptions of SPEs (c) matching a stimulus
with visual elements.
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journals. In order to reveal the differences between articulations of SPEs between
autistics and non-autistics, we sent the journals to 5 non-autistics, who are older than
18 years and willing to participate in this study, as well.

The open-ended questions about different senses in the journal invited participants
to describe their perceptions of different stimuli. We supported these questions with
visual elements and photos from #autisticmoments in order to reveal expressions that
are descriptive of experiences (Fig. 3b). Moreover, some questions are designed to
provide associations between senses. For example, a question requires describing a
taste with selecting the most associative visual elements among others on the page
(Fig. 3c). Ultimately, in case of inability to describe experiences verbally, we introduce
#autisticmoments hashtag to participants so that they can upload photos or videos of
their SPEs and preferences.

3.3 Sense Visualizations

In addition to the #autisticmoments study, we started to visualize autistics’ own
accounts on their SPEs in order to make an archive of evoking and communicating
ethnographic material. We chose the autobiographical novel Nobody Nowhere [5],
written by an autistic writer, Donna Williams, due to the diversity of descriptions of her
SPEs in the book.

First, two research assistants, who are psychologists, read the book and decided
work on the first 76 pages, that cover the first 15 years of Donna Williams’ life, since
the way she described her experiences in this part was more detailed and fruitful
compared to the rest of the book. After an iterative reading process, they created a
guideline for picking the descriptive sentences in the book. In this step, we included an
illustrator in the study. Based on the guideline, the research assistants and the illustrator
individually picked the sentences which include at least one description of an envi-
ronmental stimulus. Secondly, the picked sentences were extracted to their components
according to four characteristics in the guideline (sensory channel, stimulus, perception
and description style; Table 1). The ones that cover all these characteristics were listed

Table 1. The guideline for culling out the descriptive sentences. (1) The sensory channel (the
modality the stimulus is sensed), (2) the stimulus (the environmental input described by the
author), (3) the perception (the way the stimulus is described) and (4) the description style (the
way the relationship between the stimulus and the perception is described by the author:
metaphorical, personification, simile or basic description).

Sentence (1) Sensory Channel: Auditory

Their words became a mumbling jumble,
their voices a pattern of sounds.

(2)
Stimulus

(3)
Perception

(4)
Description
Style

Their
words

A mumbling
jumble

Metaphorical

Their
voices

A pattern of
sounds

Metaphorical
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by the research assistants and the illustrator. When these three individually created lists
were brought together, out of 162 sentences in total, 52 sentences fully matched.
Finally, the illustrator started visualizing the 52 significantly descriptive sentences in an
abstract style so as to communicate how Donna Williams perceive the world without
showing the stimulus itself (Fig. 4).

4 Insights and Discussions

Our ethnographic research is an ongoing project. We are still collecting user data
through #autisticmoments and the Sense Journal, thus we have not analyzed the full
data yet. However, during our research process, we gain insights on how to bring our
research a step forward and we will now use these insights for the conceptualization of
sensory ethnography with biosensors idea.

4.1 #Autisticmoments

We started taking photos of SPEs such as fragmented perception, hyper-or-
hyposensitivity and delayed perception. In the process of seeking for these experi-
ences wherever we go, we realized that we are actually surrounded by flashy lights,
bright surfaces, irritating patterns or unexpected movements. We became more aware
of possible distractions around us and how frequently and easily an autistic could be
overloaded by such environmental stimuli. Moreover, the pictures we took revealed our
individual differences in terms of sensory experiences. All of us focused on different
aspects of environmental stimuli even though we were looking for the same SPE
categories [4] This study also showed us how often we face which kind of SPEs.
Another outcome of this study was to see these pictures as captured autistic moments to
be inspired during the ideation process of Refined Reality Mirror design.

Fig. 4. Sense Visualization examples of descriptive sentences in the book Nobody Nowhere:
(a) “(…) proper school uniform (…), always buttoned to keep me in.” (b) “All touching was
pain.” (c) “Their words became a mumbling jumble, their voices a pattern of sounds.”
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4.2 Sense Journal

Since the data collected from the journal is limited so far, comparisons we made between
non-autistics and autistics are preliminary. However, here we share some patterns we
observed in the collected journals.

First of all, autistics don’t fulfill the tasks requiring a stimulus recalling and abstract
item matching whereas non-autistics easily perform these tasks. Instead of recalling and
matching a certain stimulus with various visual elements, autistics prefer to name each
of these elements with various stimuli (Fig. 3c). For example, when they are asked to
match a certain sound they recall with the given abstract patterns, textures, numbers,
colors and letters on the page, they describe these items with different sounds.
Evocative photos also help them recall their SPEs (Fig. 3b). They comment on these
photos expressing their prior SPEs whereas non-autistics tend to describe what they see
on the photos (Fig. 5). Based on this founding, using evocative visual materials seem
appropriate for ethnographic data collection studies with autistics.

Secondly, the time-location based form (Fig. 3a) helps both groups to record their
SPE patterns. They use this form to describe their frequent sensory experiences in all
sensory channels (not just visual experiences) and in certain types of locations (at
home, at work/school, on the road and in social places) on different times of the day. In
order to collect specific SPEs, the time-location based form could be embedded par-
ticularly in autistics’ lives as a part of their daily routines instead of suggesting them to
use the journal whenever and wherever they want.

4.3 Sense Visualizations

After analyzing and visualizing the significantly descriptive sentences in Donna Wil-
liam’s auto-biographical book Nobody Nowhere, we conducted a quick study with 31

Fig. 5. A comperative example of autistic and non-autistic expression for the same evocative
photo: (a) autistic: ‘‘A house, a window. I close the curtains by night. Lights bother me. I cannot
sleep.’’ (b) non-autistic: ‘‘We see window reflections on a window.’’
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non-autistic participants in order to collect basic qualitative feedback on how these
visualizations communicate themselves with a non-autistic audience. When participants
were asked to comment on these abstract visualizations via an online survey, which
doesn’t inform participants about the study, their accounts were mostly on what and
how they felt when they looked at them. Moreover, the way they felt qualitatively
overlapped with the sensory channel and sensory perceptual experiences described in
the sentences as well as illustrator’s intentions when visualizing them. Some examples
of participants’ accounts on the given visualizations are as follows: Fig. 4a: “I feel
jammed but still hopeful, seems like I will be free soon.” or “Vomiting. Something
wants to come out or to be thrown up. Irritating.” Figure 4b: “This is around me all the
time. Looks nice from distance but inside it’s just annoying.” or “I feel my face is
getting stretched. I am on a knife-edge.” Figure 4c: “Something too obvious is pur-
posely hiding the background. We know it is there but not focusing.” or “This is the
thing I don’t know. I’m not sure if I’ll encounter with them in my life ever. Maybe yes
or not, it’s neutral to me for now. I’m passing by them.” Here, we see that abstract
visualizations can be means of experiencing the autistic sensory perception.

These preliminary ethnographic studies help us to represent and engage with
autistic perception. All in all, we gained four main insights:

1. Photos can help us reveal SPEs and visual preference patterns such as what kind of
stimuli an autistic intentionally or unintentionally prefer (or not) to capture.

2. Abstract visualizations can be used as a tool by which non-autistics visually engage
with autistic SPEs.

3. As insight 1 gives us hints about which moments to track or which stimuli to refine
when designing an adaptive and attentive system, insight 2 helps us creating the
interface through which autistics engage with their environments in such a system.

4. Evocative materials such as photos can help participants to recall and describe their
prior SPEs, thus, such materials can benefit possible uses of sensory ethnography
with biosensors.

4.4 Implications for Future Studies on Sensory Ethnography
with Biosensors

With the preliminary insights we gain from these studies and literature, we suggest that,
combining sensory ethnography and biosensors may provide profound data to build a
learning and aware attentive interface making use of the mediated reality technologies
to refine autistic sensory perception. The possible advantages of such combination are
as follows:

1. Biosensors can collect different types of bodily data (e.g. heart rate, posture and
muscle tracking, GSR, EEG) during daily encounters. These data provide unfil-
tered, undistorted, pre-conscious aspects of the encounters.

2. When embedded in wearable devices, biosensors become a part of the body and
participant can use it during daily tasks. Participant becomes independent of the
researcher or controlled settings. This can increase diversity of encounters and
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provide more data. Moreover, this may decrease reinforcement of perceptual,
cognitive and communicational differences in research participation of ASD.

3. The data collected by biosensors can be combined with GPS data in order to
locate encounters. This forms a basis for both participant and researcher where
participant reflects upon his/her own data and researcher re-sense the encounter with
participant’s reflections. This may reduce abstraction when researcher analyze
encounters.

4. Rigorous analysis of sensory perception may become possible by measurable data.
Additionally, quantitative and qualitative analysis can be made by overlapping
the data collected from both biosensors and sensory ethnography. Matching the
sensory input from the surrounding with bodily reactions might provide patterns to
inform about autistic sensory perception or even non-autistic sensory perception in a
broader sense.

5. It is possible to diversify methods within sensory ethnography. So different
combinations of these methods can be used with biosensors in order to collect
different types of data.

6. Being aware of own bodily data in sensory level may also contribute to Quantified
Self movement where people record their bodily data through mobile applications
and wearable devices.

We use these insights to design a learning and aware mediated reality, attentive
interface for the use of autistics. Ethics and possible disadvantages of this method
should be further discussed in future studies.

5 Conclusion

Our main ongoing research aims to design an attentive interface which can provide
sideways for sensory perception related attention problems of autism in daily life. Our
main aim is to refine external stimuli to augment attention of autistics when necessary
so that they can be more involved in social daily life activities such as working in open
offices, education in mixed classrooms or a social activity in a cafe. However, to design
such an interface that can satisfy each autistic individual’s needs is challenging.
Because, first, each autistic is particularly affected by different external stimuli. Sec-
ondly, existing studies provide categories of SPEs in autism, yet are not sufficient to
contribute to our user research since we don’t create personas, but instead, we seek for
tailor-cut solutions for each autistic separately. Third, due to their perceptual, cognitive
and communicational differences, it may not be suitable to conduct some of the con-
ventional user studies with those who has severe autism. Yet, to be able to build a
real-time attentive interface, the system needs to be aware and learning. This paper
shares our insights from a group of preliminary user studies where we explore sensory
ethnography tools, before building bio-sensing solutions into our system (Fig. 6).
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