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ABSTRACT1 

Smart textiles, a subset of wearable technologies, inspire novel human-interactions that leverage 
people’s physical and cognitive actions. However, people with intellectual and developmental 
disabilities (IDD) have different communication, social, and sensory experiences than non-disabled 
people. We empirically investigate how adults with IDD determine the functionality of smart 
textiles and which smart textile qualities impact comfort. We demonstrate a research design 
method that elicits social interaction among adults with IDD. We found that smart textiles 
facilitate embodied and social interactions among adults with IDD. We also present an emerging 
design space based on smart textile capabilities and user needs.   

INTRODUCTION 
From 2017 to 2021, the wearable technology market is estimated to nearly double from 125.5 
million wearable devices to 240.1 million devices [8]. Thus, people—including those with 
disabilities—will become increasingly exposed to wearables such as smart watches and smart 
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Figure 1: Participants explored smart 
textiles (from top to bottom): LED scarf 
and gloves, vibration bracelet, and LED 
bike jacket. 

clothing. Wearable technology responds to active or passive inputs in different and new forms 
such as body movements and biometric sensors, increasing opportunities for natural, full-bodied 
interactions. Smart textiles are a subset of wearable technology crafted from soft form factors (e.g., 
fabric) with electronic properties (Figure 1) [2]. Wearable technology has universal appeal because 
of our familiarity with clothing and accessories, with the additional promise of “access to 
information Anytime, Anyplace by Anyone” [10]. In particular, people with intellectual and 
developmental disabilities (IDD), such as those with autism spectrum disorder or Down’s 
Syndrome, have different social, communication, cognitive, and embodied experiences than non-
disabled people [3,4]. Key dimensions of wearable technologies—improved sensing of the human 
body and environment and facilitating social, embodied interactions [7]—may well harness 
characteristics and strengths of individuals with IDD. Notably, autistic people exhibit strengths in 
visual processing, logical thinking, and attention to detail. They report being hyper- or hypo-
sensitivity to sensory inputs such as textures and sounds. Unfortunately, historically, people with 
disabilities have been excluded from being considered a primary user group for emerging 
technology [12]. Consequently, products like ‘wearables’ emerge that are not always usable by 
them. We aim to bridge smart textiles and their usability for people with disabilities by providing 
baseline knowledge about how adults with IDD engage with smart textiles as first-time users.  

To investigate the comfort and discoverability of functionality of smart textiles for people with 
IDD, we conducted an empirical study with ten adults with IDD. Our two research questions were 
(1) In what ways do adults with IDD engage with a smart textile object when trying to determine its
functionality?; and (2) What are qualities of smart textiles that impact comfort for adults with IDD?

Study participants explored smart textiles in workshops comprised of hands-on explorations of 
four smart textiles followed by interviews about their experiences. We found that participants 
engaged in a range of embodied interactions that revealed insights into their sensory and cognitive 
processing. We found that a prominent aspect of smart textile design, obscured relationships 
between user input and the object’s outputs, resulted in barriers to comprehension and usability. 
We conclude that smart textiles facilitate social interactions among adults with IDD, a counter-
point to often-reported difficulties with social interactions among this population. Our 
contributions include: (1) baseline empirical evidence showing how adults with IDD engage with 
smart textile objects, (2) an emerging design space of smart textiles capabilities and the needs of 
people with IDD, and (3) demonstration of a research design method that elicits social interaction 
between adults with IDD. 

RELATED RESEARCH ON WEARABLE TECHNOLOGIES AND ACCESSIBILITY 
Since wearable technology is an emerging field, it remains uncertain what user experience factors 
have the strongest impact on user acceptance and adoption. Models of user acceptance primarily 
examine functionality and hedonic (e.g., comfort, aesthetics) qualities [9]. Our research highlights 
impressions of functionality and comfort of users with IDD that differ from those of non-disabled 
users. A prominent line of autism-related research is behavioral and therapeutic technology 
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Table 1: Participant Demographics 
 
Workshop # – 
participant # 

Self-reported condition and 
affected areas 

P1-1 Autism; Attention Deficit 
Hyperactivity Disorder (ADHD) 

P1-2 Autism 

P2-1 Autism, mostly affects writing 
P2-2 Autism 
P3-1 N/A	‐	Center	staff 
P3-2 Autism, mostly affects social 

interaction 
P4-1 Down’s Syndrome, mostly affects 

fine motor and gross motor skills 
P4-2 Autism 
P5-1 Autism, mostly affects memory, 

observation, and social skills 
P5-2 Autism, mostly affects social 

skills, starting conversations, 
picking up social cues 

P6-1 N/A	‐	Center	staff 
P6-2 Autism, mostly affects everyday 

life 
 
 
 
Table 2: Codebook 
 
Category 1: Engagement 
Turning on  
On-collaboration  
After turning on: Fiddling 
 Exploring spatially 
 Not engaging 
 Turning off 
Discover modes  
Put on garment  
Show partner the object 
Category 2: Comprehension 
Determine purpose 
Misconception of smart textile 
Category 3: Attitude 
Texture  
Smart textile functionality  
Item itself  

interventions, such as developing computational models and technology to manage emotional and 
physical behavior, such as repetitive motions of autistic children (e.g., [1]). In contrast, we seek to 
center the perspective of adults with IDD, aligned with how Frauenberger et al [6] used 
participatory design to co-design smart objects with autistic children. They advocate for designers 
to focus on ways that technology can meaningfully fit into the lives of people with IDD, rather 
than focusing on their functional limitations. To our knowledge, our research is the first to 
demonstrate a research design method with adults with IDD for exploring smart textiles.  

 
METHOD 
We conducted six 30-minute workshops, each comprised of a pair of adults with IDD. There were 
ten participants with IDD (3 female) and two staff members of a local resource center for adults 
with IDD. The staff members were needed to complete two pairs due to scheduling constraints. We 
paired participants to provide a partner with whom to problem-solve and discuss ideas since we 
anticipated usability issues with the smart textiles. Staff let participants take the lead and made 
few suggestions, usually to redirect participants to the workshop topic using verbal prompts and 
gestures. We recruited participants enrolled in the center’s Technology and Gaming class. Nine of 
the participants self-disclosed as autistic, one as having Down’s Syndrome (Table 1). All 
participants were over 18 years old; nine had legal guardians on account of having an IDD. We 
distributed consent forms to the participants and their legal guardians prior to the workshop. 

To begin each workshop, the researchers reviewed the signed consent forms with the 
participants. We reiterated that the goal of the workshops was to learn about people’s perspectives 
of “objects one can wear that have built in electronics like lights.” We implemented best practices 
for conducting research with autistic individuals [4], including displaying a visual schedule 
showing allotted time for exploring the objects and the closing interview. As the researcher placed 
a smart textile on the table between the pair, they were prompted to “learn about this interactive 
object and discover what it can do.” They were asked to think aloud and feel free to talk with their 
partners. Participants interacted with four smart textiles (Fig. 1): (1) a scarf and (2) pair of gloves 
that light-up with different patterns; (3) a mindfulness bracelet that vibrates at intervals, and (4) a 
bicyclist jacket. The jacket is designed to increase the rider’s visibility at night and displays turn 
arrows on the rider’s back. The researchers selected these objects to represent a range of popular 
smart textile functionality. The objects are commercially available online, except the bracelet, 
which a researcher made per online instructions [11].  

Data from this study comprised of video recordings of the workshops. To frame analysis of the 
audiovisual data, two researchers created an affinity diagram based on their workshop 
observations, arriving at three preliminary themes: engagement, comprehension, and attitude. 
They used the resulting codebook (Table 2) and a software application, Boris, to code actions and 
verbal communication between two pairs. The researchers  discussed  discrepancies, refined the 
codebook, and re-coded the first two pairs.  Assessing the codes marked within 1 second of each of  
other, we obtained an inter-rater reliability of κ=0.64, which indicates satisfactory   agreement 
between the coders. The researchers then independently coded the remaining pairs. 
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Figure 2: Participants P3-2 and P2-1 
explored smart textiles using different 
types of touches. 

 

 
 

Figure 3: Participant P5-2 pointed out 
misalignment of “Press here” sticker and 
hidden button.  

FINDINGS 
Our findings demonstrate that autistic adults gain an understanding (and unfortunately, 
sometimes, mis-understanding) about smart textiles through embodied interactions [5] and 
surprisingly, social interactions. Their embodied interactions provided insight to their sensory and 
cognitive processing. Although smart textiles tend to be designed with hidden functionality that 
users are expected to discover, these hidden interfaces were problematic for our participants.  

Use of Embodied and Social Interactions to Determine Functionality 
To our initial research question on how adults with IDD determine smart textile functionality, we 
observed that discovery primarily occurred through embodied and social interactions. Their 
embodied interactions were tactile and spatial explorations, using their hands, arms, and face 
(Figure 1). Some motions were unexpected, such as when P3-2 wrapped the scarf around his wrist 
and stroked it in the manner of using a sensory soothing item known to be used by autistic 
individuals to self-sooth (Figure 2). We observed that participants used embodied interactions as 
their first step in engaging with the new technologies to understand their purpose. Participants 
experienced the most difficulty relying on embodied interactions to turn on the smart textiles, 
particularly because common items (i.e., a scarf) imbued unexpected and unintuitive (for 
participants) interactive interfaces. For example, participants had difficultly locating buttons; or 
they believed they pressed buttons but did not perceive any feedback. the scarf and gloves used the 
same button to cycle through On/Off states and various light patterns. Most participants’ first 
action to turn off the object was to press the same button used to turn the object on, and they 
became confused by the change in light patterns. Some participants were confused by this cycling 
through states with a single button, with participant P2-2 saying, “I can’t figure out how to turn it 
off.” The object that was most problematic to turn on was the jacket. Its power button was on the 
end of a sleeve, but this button was not as prominent as the battery pack located at the bottom of 
the jacket back. Participants focused on the battery pack, some even trying to undo the stitches 
that held the battery pack in place. The preoccupied focus on a single element, which is 
characteristic of autism, was also evident when participants noticed the glove’s “Press Here” 
sticker indicating the location of the On/Off button. The sticker moved as participants repeatedly 
tried pressing in the right location and with the right pressure (Figure 3). As a result, participants 
spent considerable time trying to work the On/Off functionality; their efforts highlighted usability 
challenges in manipulating input controls while wearing the smart textile.  

Although participants individually struggled with turning on at least one smart textile, all 
eventually collaborated with their partner or the researcher to turn on the object. Participants 
regularly relied on social interactions to raise attention to problems they were having and to share 
in delight when they discovered new functionality. Participants verbally described textures and 
discussed ideas about objects’ purposes. They manipulated the object, expressing their interest 
through body language (i.e., leaning closely to the object, stroking it against their cheek) and 
verbal dialog. The participants shifted between exploring the objects independently and with their 
partner. Participants often traded objects, showing each other interesting features and helping 
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Figure 4: Participant P5-2 cradled the 
unlit scarf in his neck. 

 
 

 
 

 
 

Figure 5: Pair 1 discovered output modes 
by fiddling and wearing jacket. 

each other figure out how to work with the objects. Their opinions varied from aligning to 
disagreeing with each other. These social interactions were notable because a core component of 
IDD is having difficulties with verbal and non-verbal communication. Although the smart textiles 
were designed for single-person use, and not to facilitate collaboration, our observations show they 
provided opportunities for social and technological engagement for adults with IDD. 

Tensions Between Affordances, Comfort, and Functionality 
To our second research question about the smart textile qualities that impact comfort, we observed 
that the participants’ sensory experiences impacted their perception of comfort; and notably, they 
had strong reactions to both passive and active qualities of the smart textiles. First, participants 
were drawn to the passive qualities of the smart textile, such as texture and form. Mentioning 
object texture was an early indicator for a participant’s fondness of an object. Eight of the ten 
participants commented on the scarf’s softness, and seven claimed the scarf was one of their 
favorite smart textiles because of its pleasing texture. P3-2 repeatedly raised the scarf to his face or 
neck and rubbed it against his skin (Figure 4). In contrast, participants who commented that a 
given texture, or noticeable bumps from the lights, felt uncomfortable and reported an overall 
negative perception of the object.  

Second, participants enjoyed active qualities of the smart textiles, such as lights that responded 
to presses; however, hidden relationships between the active qualities and user input created 
usability barriers.  Participants were most confused by the purpose of the bracelet, i.e., participant 
P2-2 thought it was a type of belt. This confusion was likely due to the hidden nature of its 
primary affordance—the vibration sensor. Due to the aesthetics and behavior of the meditation 
bracelet—it vibrated for a few seconds in 30 second intervals—participants presumed simple 
actions, such as monitoring vitals or indicating reminders, precipitated the vibrations. To guess the 
purpose of the bracelet, participants referenced everyday objects with which they are familiar. For 
instance, P3-2 assumed the bracelet acted as a reminder system because its functionality reminded 
him of his cell phone’s alarm functionality. Although these actions were not the intended purpose 
of the bracelet, their ideation demonstrated creativity and imagination, which was a positive 
outcome of our research design method. In the case of the jacket, the lights were apparent, but its 
usefulness was obscured. The light pattern on the jacket changes depending on the angle of the 
left sleeve since this is the arm that cyclists typically use as a turn signal (Figure 5). Most 
participants were unable to figure out this connection, thus causing un-intended behavior of the 
jacket’s output lights and lowering the participants’ comfort levels and impressions of the jacket.  

 
DISCUSSION AND EMERGING DESIGN SPACE 
Our study showed participants’ discoverability of smart textile functionality was heavily 
influenced by their sensory experiences and their ability to comprehend its functionality. Hidden 
relationships between user input and smart textile output were difficult for our participants to 
discover. In addition, we observed a social value in the smart textiles—even ones designed for solo 
use—that drew out conversations between otherwise non-loquacious participant pairs. Designers 
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Table 3: Design Space for Smart Textiles 
Usable by Adults with IDD 

*Areas to probe in future research 
 
Smart Textile 
Affordances 

Primary User Needs 
 

Texture Strong sensory preferences, 
distracted by sensors that can 
be felt; Durable 

Input through:  
Touch, Press (e.g., 
Switch, Push 
Button) 

Discoverable; Usable when 
wearing and not wearing 
object; Fine motor capabilities 
 

*Speech Unusual speech patterns; 
discoverable speech 
commands 
 

Body Motion Clear relationships between 
motions and outputs 

Outputs through:  
Lights (random; 
patterns) 

Option for alternate modes 
that are more perceivable to 
user; Adjustable flash rate to 
prevent flash-inducing seizures 

Tactile (e.g., haptics, 
*shape) 

Hypo- or hyper-sensitivity to 
physical sensations 

Power:  
Power source Easy access; Instructions 
Social: 
Verbal; Non-verbal; 
Social cues 

Scaffolding (e.g., prompts) to 
support social interactions; 
Reward joint discovery 
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and researchers should anticipate and leverage social interactions around smart textiles, 
particularly for diverse users. These findings contextualize an emerging design space, which we 
present here to initiate discussion and promote understanding of inclusive user needs for smart 
textiles. This design space captures the factors that impacted the comfort, understanding, and user 
experience for adults with IDD (Table 3). The design space adds user experience considerations not 
currently highlighted in other (nondisabled) user experience models for smart textiles, yet that 
warrant equitable consideration for designing inclusive wearable technology. 

In conclusion, we demonstrated an accessible research design workshop as an avenue for 
exploring the social, sensory, and cognitive experiences of adults with intellectual disabilities—
important target areas for future for HCI and disability fields. We presented an emerging design 
space that we hope informs the evolving field of smart textiles in order to provide comfort and 
opportunities for socializing for adults with IDD.  

 
REFERENCES 

[1] Fahd Albinali, Matthew S. Goodwin, and Stephen S. Intille. 2009. Recognizing stereotypical motor movements in the 
laboratory and classroom: a case study with children on the autism spectrum. In Proceedings of the 11th international 
conference on Ubiquitous computing, 71–80. Retrieved November 15, 2015 from 
http://dl.acm.org/citation.cfm?id=1620555 

[2] Leah Buechley and Hannah Perner-Wilson. 2012. Crafting technology: Reimagining the processes, materials, and 
cultures of electronics. ACM Transactions on Computer-Human Interaction 19, 3: 1–21. 
https://doi.org/10.1145/2362364.2362369 

[3] Joyce Davidson. 2008. Autistic culture online: virtual communication and cultural expression on the spectrum. Social & 
Cultural Geography 9, 7: 791–806. https://doi.org/10.1080/14649360802382586 

[4] Hanne De Jaegher. 2013. Embodiment and sense-making in autism. Frontiers in Integrative Neuroscience 7. 
https://doi.org/10.3389/fnint.2013.00015 

[5] Paul Dourish. 1999. Embodied interaction: Exploring the foundations of a new approach to HCI. Transactions on 
Computer-Human Interaction. 

[6] Christopher Frauenberger, Julia Makhaeva, and Katharina Spiel. 2016. Designing Smart Objects with Autistic 
Children: Four Design Exposès. 130–139. https://doi.org/10.1145/2858036.2858050 

[7] Eva Hornecker and Jacob Buur. 2006. Getting a grip on tangible interaction: a framework on physical space and social 
interaction. In Proceedings of the SIGCHI conference on Human Factors in computing systems, 437–446. 

[8] International Data Corporation. 2017. Worldwide Wearables Market to Nearly Double by 2021, According to IDC. IDC: 
The premier global market intelligence company. Retrieved July 20, 2018 from 
https://www.idc.com/getdoc.jsp?containerId=prUS42818517 

[9] Armağan Karahanoğlu and Çiğdem Erbuğ. 2011. Perceived qualities of smart wearables: determinants of user 
acceptance. In Proceedings of the 2011 Conference on Designing Pleasurable Products and Interfaces - DPPI ’11, 1. 
https://doi.org/10.1145/2347504.2347533 

[10] D. Marculescu, R. Marculescu, N.H. Zamora, P. Stanley-Marbell, P.K. Khosla, S. Park, S. Jayaraman, S. Jung, C. 
Lauterbach, W. Weber, T. Kirstein, D. Cottet, J. Grzyb, G. Troster, M. Jones, T. Martin, and Z. Nakad. 2003. Electronic 
textiles: a platform for pervasive computing. Proceedings of the IEEE 91, 12: 1995–2018. 
https://doi.org/10.1109/JPROC.2003.819612 

[11] Becky Stern. 2015. Buzzing Mindfulness Bracelet. Adafruit Learning System. Retrieved August 7, 2018 from 
https://learn.adafruit.com/buzzing-mindfulness-bracelet/circuit-diagram 

[12] Jacob O. Wobbrock, Shaun K. Kane, Krzysztof Z. Gajos, Susumu Harada, and Jon Froehlich. 2011. Ability-Based 
Design: Concept, Principles and Examples. ACM Transactions on Accessible Computing (TACCESS) 3, 3: 1–27. 
https://doi.org/10.1145/1952383.1952384 

CHI 2019 Late-Breaking Work CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

LBW0217, Page 6



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Amienne
    /Amienne-Bold
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Arnprior
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Baveuse
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /Berylium
    /Berylium-BoldItalic
    /Biondi
    /Biondi-Light
    /BlackadderITC-Regular
    /BlueHighway
    /BlueHighway-Bold
    /BlueHighwayCondensed
    /BlueHighwayDType
    /BlueHighwayLinocut
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Boopee
    /Boopee-Bold
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BurnstownDam
    /Byington
    /Byington-Bold
    /Byington-Italic
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CarbonBlock
    /Castellar
    /Catriel
    /Catriel-Bold
    /Catriel-BoldItalic
    /Catriel-Italic
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CreditValley
    /CreditValley-Bold
    /CreditValley-BoldItalic
    /CreditValley-Italic
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DejaVuSans
    /DejaVuSans-Bold
    /DejaVuSans-BoldOblique
    /DejaVuSansCondensed
    /DejaVuSansCondensed-Bold
    /DejaVuSansCondensed-BoldOblique
    /DejaVuSansCondensed-Oblique
    /DejaVuSans-ExtraLight
    /DejaVuSans-Oblique
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EarwigFactory
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuphorigenicS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeavyHeap
    /Helvetica
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HurryUp
    /Huxtable
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /Kredit
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LevenimMT
    /LevenimMT-Bold
    /Ligurino
    /Ligurino-Bold
    /LigurinoCondensed
    /Ligurino-Italic
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinyaNouvelle
    /MinyaNouvelleBold
    /MinyaNouvelleBoldItalic
    /MinyaNouvelleItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /Mufferaw
    /MVBoli
    /Narkisim
    /Neuropol
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /Nyala-Regular
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlanetBenson2
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Pupcat
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /Stereofidelic
    /SybilGreen
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tandelle
    /Tandelle-Bold
    /Tandelle-BoldItalic
    /Tandelle-Italic
    /Teen
    /Teen-Bold
    /Teen-BoldItalic
    /Teen-Italic
    /TeenLight
    /TeenLight-Italic
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /VelvendaCooler
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Waker
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




