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Dr. Sharon Joines , professor of industrial design at NCSU, is a 

researcher and ergonomist, teaching studios and courses in human 

centered design, ergonomics, design methods, and interdisciplinary 

solution d evelopment. Her interests reside in co - creation, universal 

design, and applied product and process research. Her research 

focuses on quantifying the interaction between individuals with 

diverse abilities, products and their environment. Sharon works with 

engineers, designers and user experts in all phases of the design 

cycle. The challenges addressed traversed consumer markets, 

warehousing and distribution, medical and military applications, and 

manufacturing environments ranging from forging to clean rooms .  

Dr. Joines was named a University Faculty Scholar in recognition of 

significant achievements in scholarship, teaching and/or service.  

Recent recognition of her work includes:  

2016 Outstanding Graduate Faculty Mentor Award in the area of 

the Humanities and Design  

2016 -2017 Alumni Association Outstanding Research Award  



                                        North Carolina State University 

4                       January 2018 Vol-13 No-1                                         Design For All Institute of India 
 

2017 Member of NC Stateôs Academy of Outstanding Faculty 

Mentors  

2017 Member of NC Stateôs Research Leadership Academy 

Sharon is director of the Research in Ergonomics and Design (RED) 

Lab and a member of IDSA, the Human Factors and Ergonomics 

Society, the Design Research Society, the Order of Thirty and Three, 

and Alpha Pi Mu.  Sharon received her BS, MS, and PhD degrees in 

Industrial Engineering from North Carolina State University.  

In add ition to providing a solid understanding of the strengths and 

limitations of the human, one of Joinesôs teaching goals is helping 

students understand how to evaluate product solutions as they 

develop them.  In courses she has developed, students are expose d 

to formal and informal assessment methods using quantitative and 

qualitative methods focusing on user experience, ergonomics and 

human factors.  Product development cycles have been shortened by 

rapid prototyping, agile manufacturing methods and interdis ciplinary 

teams.  Thus, she address the designersô evaluation of product 

performance during the development process resulting in better 

product solutions highlighting this as a highly valued skill in the field.  

In addition to opportunities in the traditio nal studio and classroom 

environments, her mentoring and project work has allowed 9 PhD, 39 

masters and 5 undergraduate students to have had hands - on 

experiences with design research by working on projects in the RED 

lab.  
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Guest Editorial  

Sharon Joines  

 

N ine years ago, I had the pleasure of serving as guest editor for 

this Design for All Newsletter (Vol 4, No 6) to pay tribute to Ron 

Mace.  Since that issue of the Design for All newsletter, many things 

have changed; the Center for Universal Design at NC St ate University 

was defunded by the state of North Carolina, our College has a new 

Dean and I have been tenured and promoted to Professor.  What has 

not change has been my support and dedication to Universal Design; 

it has been my privilege to educate each group of students about 

Universal Design, human factors, ergonomics and safety in Industrial 

Design (ID) at NC State University for more than a decade.  In 

addition, I have had the pleasure of working with ID students 

(bachelors, masters and PhD) on UD pro jects designing everything 

from infant bassinets to shower drain pans.  I have lead and 

sponsored UD research and have had the good fortune to have my 

research publish.  One of my most memorable endeavors was co -

chairing a Universal Design Symposium in 201 5 with Tsai Lu Liu.  The 

UD Symposium convened people from across the US and from 7 

different nations who are passionate about or interested in Universal 

Design providing them with the opportunity to meet, converse, and 

interact.  Attendees included design ers, architects, planners, 

researchers, educators and consumers of UD products, processes, 

spaces and places.  The symposium 1  included expert speakers, 

design charrettes with subject matter experts, designers, and expert 

                                                             
1 Optricity was the Charter Sponsor of the Symposium. We thank them for their 

leadership in inclusivity in the workplace.   NC Stateôs College of Design supported 
the Symposium in so many ways; individual sponsors were: Alex Lee and Chris 

Downey.   
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users.  Our speakers included: Chri s Downey, Ricardo Gomes, Alex 

Lee, Deana McDanaugh and Pattie Moore.  

In 2008, after 20 years of architectural practice and 2 degrees in 

Architecture including a BEDA from NCSU in 1984, Chris Downey, AIA 

of San Francisco unexpectedly and instantly lost all sight but did not 

lose his profession.  

Refusing to yield to conventional presumptions, Chris instead 

immediately engaged his creative training to find promise and value 

from his new point of view. Through this intense journey, he has 

discovered a new fasc ination of a more multi - sensory immersive 

approach to design and a profound commitment to a more inclusive 

environment.  As one of the few architects in the world practicing 

without sight, Chris shared insights of architecture, design, 

technology and the Ci ty through the apparent paradox of a blind 

architect.  

Ricardo Gomes, Professor and Director of the Design Center for 

Global Needs, San Francisco State University shared the globalized 

development for UD by highlighting inclusive design principles 

unifying  the Olympic and Paralympic Games.  

Alex Lee, President, OXO, shared the OXO brand story and design 

strategy.  OXO, the worldôs most admired housewares brand, was 

founded in 1990 on the philosophy of Universal Design. Lee noted 

that, for OXO, Universal Des ign does not mean designing products 

fully usable by everybody, since there is no product that can truly 

fulfill the needs of all users. But when all users' needs are taken into 

consideration in the initial design process, the result is a product that 

can be used by the broadest spectrum of users.  

Deana McDonagh, Ph.D., Professor of Industrial Design, University 

of Illinois at Urbana ïChampaign, highlighted the role of empathy in 
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designing for others, and offer the individual tangible ways in which 

designers , design teams and anyone involved in new product 

development and architecture to get closer to their user.  Tools, 

techniques and approaches were explored specifically from the 

perspective of Universal Design. McDonagh underscored that 

Empathic Design, as  a design research strategy, can enrich the 

design process outcomes.   

Patricia A Moore,  President, Moore  Design Associates, build on the 

foundation of the early years of the Universal Design methodology 

and provided direction for the creation of current a nd future inclusive 

environments and products for the lifespan.  

I remain humbled by the dedication of my colleagues,  the tenacity 

of those who helped the UD symposium come to fruition, and by each 

project in which UD is leveraged to the betterment of our s ociety ð 

one individual at a time. I would like to thank all contributors for 

sharing their ideas and reflections on Universal Design in their 

current works.  I would also like to thank Professor Sunil Bhat ia for 

allowing me to engage with the Design for A ll Institute as a guest 

editor for their Newsletter, again. Congratulations Professor Bhat ia 

on your continued success!  

Sharon Joines, PhD,  

NC State University Faculty Scholar  

Professor of Industrial Design  

Director of Graduate Programs in Industrial Desi gn  

RED Lab | College of Design  

North Carolina State University, USA  

 



                                        North Carolina State University 

8                       January 2018 Vol-13 No-1                                         Design For All Institute of India 
 

Dr. Sharon Joines , professor of 

industrial design at NCSU, is a 

researcher and ergonomist, teaching 

studios and courses in human 

centered design, ergonomics, design 

methods, and interdi sciplinary 

solution development. Her interests 

reside in co - creation, universal 

design, and applied product and 

process research. Her research 

focuses on quantifying the interaction between individuals with 

diverse abilities, products and their environment . Sharon works with 

engineers, designers and user experts in all phases of the design 

cycle. The challenges addressed traversed consumer markets, 

warehousing and distribution, medical and military applications, and 

manufacturing environments ranging from f orging to clean rooms.  

Dr. Joines was named a University Faculty Scholar in recognition of 

significant achievements in scholarship, teaching and/or service.  

Recent recognition of her work includes:  

2016 Outstanding Graduate Faculty Mentor Award in the ar ea of 

the Humanities and Design  

2016 -2017 Alumni Association Outstanding Research Award  

2017 Member of NC Stateôs Academy of Outstanding Faculty 

Mentors  

2017 Member of NC Stateôs Research Leadership Academy 

Sharon is director of the Research in Ergonomics and Design (RED) 

Lab and a member of IDSA, the Human Factors and Ergonomics 

Society, the Design Research Society, the Order of Thirty and Three, 
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and Alpha Pi Mu.  Sharon received her BS, MS, and PhD degrees in 

Industrial Engineering from North Carolina Sta te University.  

In addition to providing a solid understanding of the strengths and 

limitations of the human, one of Joinesôs teaching goals is helping 

students understand how to evaluate product solutions as they 

develop them.  In courses she has developed , students are exposed 

to formal and informal assessment methods using quantitative and 

qualitative methods focusing on user experience, ergonomics and 

human factors.  Product development cycles have been shortened by 

rapid prototyping, agile manufacturing  methods and interdisciplinary 

teams.  Thus, she address the designersô evaluation of product 

performance during the development process resulting in better 

product solutions highlighting this as a highly valued skill in the field.  

In addition to opportun ities in the traditional studio and classroom 

environments, her mentoring and project work has allowed 9 PhD, 39 

masters and 5 undergraduate students to have had hands - on 

experiences with design research by working on projects in the RED 

lab.  
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Throughout  her academic and 

professional life, Helen 

Armstrong  has moved between 

the written word and the graphic 

image. After Ph.D. coursework in 

English literature, Armstrong 

gravitated to the world of art and 

design. She earned an M.A. in 

Publication Design from the 

University of Baltimore and 

launched a career as a graphic designer. Her design work ðfor such 

clients as Sage College of Albany, US  Internetworking, and New 

College of Florida ðhas won regional and international awards. Her 

projects have been included i n numerous publications in the US and 

the UK, including the How International Design Annual, The 

Complete Typographer, The Typography Workbook and Design 

Elements.  

After ten years as a graphic designer, she returned to her passion for 

theory, research, and  teaching. At the Maryland Institute College of 

Art she earned an M.F.A. in Graphic Design while teaching in the 

Department of Art History, Theory and Criticism. Prior to coming to 

North Carolina State University, Armstrong was an Assistant 

Professor of Gr aphic Design and Graduate Director of Experience 

Design at Miami University in Oxford, Ohio. She currently serves as a 

member of the AIGA Board of Directors and is on the editorial board 

of Design and Culture. In addition, she is a past co - chair of the AIG A 

Design Educators Community Steering Committee.  
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Armstrong authored Graphic Design Theory: Readings from the Field 

(Princeton Architectural Press, 2009) and co - authored Participate: 

Designing with User - Generated Content (Princeton Architectural 

Press, 2011 ) with ZvezdanaStojmirovic. Her new book Digital Design 

Theory: Readings from the Field explores works by both designers 

and programmers, examining the two threads of discourse ðdesign 

and computation ðthat have rapidly merged to define contemporary 

graphic design.  

Currently, Armstrong is combining her knowledge of participatory 

practice with computational thinking to explore the potential of 

intelligent interfaces to address the needs of individuals with 

disabilities.  
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Kelly Umstead  is an Assistant  

Professor of Industrial Design 

with professional experience 

rooted in research. She began 

her career as a biomedical 

engineer focusing on 

biomechanics and human 

movement with applications 

ranging from gait analysis and 

rehabilitation to sports science 

and  aquatics.  

Prior to joining the Industrial Design faculty, Kelly was a medical 

device product manager at Bioventus LLC, an orthobiologics 

company. During the last 10 years, Kelly worked in product 

development, specializing in medical device design and prod uct 

usability. Her work employing a design process which integrates 

multiple stakeholder voices received the Human Centered Design 

Award, presented at the Human Factors and Ergonomics Society 

International Meeting.  

Kellyôs experience in product design has always been human - centric, 

from acquiring user needs to translating those needs into viable 

products. Her research interests focus on healthcare, medical device 

development, user - centered design, and design methodology.  
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Byungsoo Kim  is a Ph.D. in 

Design  student at North Carolina 

State University, College of Design 

and works as a research assistant 

at the Research in Ergonomics and 

Design Lab. Byungsoo has several 

years of working experience as a 

design researcher and a designer in 

Republic of Korea and  interned at 

JLG and General Motors in the U.S. 

He won domestic and international design awards including Reddot 

Design Award, iF Universal Design Award, GM Interactive Design 

Competition.Byungsooôs research interest resides in universal 

design, ergonomics a nd user experience design.  
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Raunak Mahtani  is a track 3 Masters 

of Industrial Design student at NC State 

University.  Before coming to NC State, 

Raunak received his Bachelors in 

Mechanic Engineering from M.I.T. 

College of Engineering, Pune, 

Maha rashtra, India.  His objective in 

pursuing his graduate education was to 

use his creativity, design thinking and 

functional application in thefield of 

Product Design.  He worked as an 

industrial design intern at Futuring Design Pvt. Ltd. in Pune as part 

of  a team responsible for designing a domestic composter system for 

a largemultinational consumer goods manufacturer.   
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Hongyang Liu  is a doctoral 

candidate at the College of Design, 

North Carolina State University 

with specialization in researches o n 

interaction design and user 

experience assessment. She is also 

pursuing her graduate minor in 

Cognitive Science. Hongyang's 

dissertation research focuses on 

exploring how the learning process 

of new technology among seniors can guide the interaction desi gn 

from the ease of learning perspective.  
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Catalina Salamanca  is an 

Industrial Designer with 15 years 

of professional experience. She 

undertook her undergraduate 

studies at Pontificia Universidad 

Javeriana, where she graduated in 

2002. Prior to  moving to Raleigh to 

pursue her graduate studies, she 

directed her own design 

consultancy in Villavicencio, 

Colombia. In May of 2017, she 

received her Master degree of 

Industrial Design from NC State 

University. Catalina is interested in 

design research a nd medical design device.  
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Joshua Wa ll is a 

Track 3 Graduate 

Industrial Design 

student at North 

Carolina State 

University, College of 

Design. Joshua has an 

Undergraduate degree 

in Marketing from 

Winston Salem State 

University. He has won 2 scholarship s while attending NC State and 

won the Graduate School Diversity Enhancement Grant in 2016. He 

currently works as a footwear design assistant at Guy Marshall 

Design Consulting.  

Joshuaôs research interest include footwear design, biomechanics, 

and sports pr oduct design.  
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Shelby Forrest  received her BA 

in Secondary Education and 

Teaching from Freed - Hardeman 

University.  After teaching for 

several years, Shelby joined the 

Masters of Industrial Design 

program at NC State University.  

She is interested  in focusingon 

the psychology behind user 

interaction with products and 

systems; she remains excited 

about coming up with ideas to 

make  studentsô and teachersô 

lives easier.  
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Throughout her academic and professional life, Helen Armstrong has 

moved between the written word and the graphic image. After Ph.D. 

coursework in English literature, Armstrong gravitated to the world 

of art and design. She earned an M.A. in Publication Design from the 

University of Baltimore and launched a career as a graphic designer. 

Her design work ðfor such clients as Sage College of Albany, 

USInternetworking, and New College of Florida ðhas won regional 

and international awards. Her projects have been included in 

numerous publications in the US and the UK, includin g the How 

International Design Annual, The Complete Typographer, The 

Typography Workbook and Design Elements.  

After ten years as a graphic designer, she returned to her passion for 

theory, research, and teaching. At the Maryland Institute College of 

Art sh e earned an M.F.A. in Graphic Design while teaching in the 

Department of Art History, Theory and Criticism. Prior to coming to 

North Carolina State University, Armstrong was an Assistant 

Professor of Graphic Design and Graduate Director of Experience 

Desig n at Miami University in Oxford, Ohio. She currently serves as a 

member of the AIGA Board of Directors and is on the editorial board 
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of Design and Culture. In addition, she is a past co - chair of the AIGA 

Design Educators Community Steering Committee.  

Armst rong authored Graphic Design Theory: Readings from the Field 

(Princeton Architectural Press, 2009) and co - authored Participate: 

Designing with User - Generated Content (Princeton Architectural 

Press, 2011) with ZvezdanaStojmirovic. Her new book Digital Desig n 

Theory: Readings from the Field explores works by both designers 

and programmers, examining the two threads of discourse ðdesign 

and computation ðthat have rapidly merged to define contemporary 

graphic design.  

Currently, Armstrong is combining her knowledg e of participatory 

practice with computational thinking to explore the potential of 

intelligent interfaces to address the needs of individuals with 

disabilities.  
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Harnessing Technology to Re - envision the North 

Carolina Museum of Natural Sciences as an Autism -

friendly Space  

Helen Armstrong  

Department of Graphic Design & Industrial Design  

North Carolina State University  

Raleigh, North Carolina, USA  
hsarmstr@ncsu.edu  

 

Abstract  This article defines impairment and disability as fluid 

conditions that  fluctuate depending on context. Mapping this 

spectrum of impairment and disability for specific users enables 

designers to identify opportunities for technology to sense and 

respond to unique user needs. In fall 2017, North Carolina State 

University graph ic design students used this approach to create 

assistive tools for transforming the Acrocanthosaurus Exhibition of 

the North Carolina Museum of Natural Sciences into an Autism -

friendly space. The resulting projects raised questions around the 

tension betw een intelligent customization and privacy of users, 

while exploring the potential for technology to not only lower 

barriers of access but also generate responsive moments of delight.  

Index  Terms ðInclusive Design, Autism, User - Centered Design, 

Accessibility , Intelligent Interface Design .  

1.  A Spectrum of Impairment  

Our lives fluctuate along a spectrum of impairment [1]. 

Impairments might be permanent, temporary, or situational. Lennard 

J. Davis notes in Bending Over Backwards , ñImpairment is the rule, 
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and norm alcy is the fantasyò [2]. Design consultant Graham Pullin 

suggests a similar idea in reference to the concept of disability: the 

boundaries between disability and ability are unstable, changing 

depending environment, activities, or even states of mind [3].  A 

user - centered design approach that focuses not just on lowering 

barriers to access, but also upon improving the overall user 

experience, asks designers to question binary conceptions of ability 

and disability [4]. Once designers begin to understand abil ity as a 

fluid state, they can utilize user - centered design methods to map out 

a spectrum of impairment for specific users. This deeper 

understanding of the variability of impairment supports the need for 

interventions through which technology can sense an d respond 

uniquely to each user. This, in turn, enables designers to support 

delight ðin addition to access ðat multiple points for a specific user 

and his/her changing needs.  

2.  Responding to Impairment through User - Centered 

Design  

To grasp the fluid nature o f impairment and the possibilities for 

technological intervention, NC State University graphic design 

seniors collaborated with the North Carolina Museum of Natural 

Sciences (NCMNS) on a project focusing on young adults with Autism 

Spectrum Disorder (ASD).  The museum approached the College of 

Design because one of the museumôs key exhibitionsðthe 

Acrocanthosaurus Exhibition ðrepelled visitors with ASD. The space 

was so overwhelming for these visitors that they often could not 

enter the room. Instead they sat  on benches outside to avoid the 

exhibition despite their interest in the content. Some of the problems 

with the space, as identified by student research and the NCMNS 
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Office of Accessibility & Inclusion, included: a heightened noise level, 

multiple distra ctions, the large scale of dinosaur models, an inability 

to familiarize visitors with the environment in advance, a lack of 

concrete descriptive language within the exhibition, and the lack of a 

clear linear route through the exhibition. In short, the muse um 

recognized that it failed to meet the needs of visitors with ASD but 

wished to do so.  

 

Via an advanced graphic design course, GD400, students worked in 

teams to first delineate the scope of the problem and the needs of 

these visitors. Crucial to the sc ope was the sheer number of adults 

with ASD ðparticularly those living in group settings ðthat visited the 

NCMNS. Of these adults, specific needs ranged from communication 

difficulties to social challenges to repetitive behaviors. As the 

students began to re search they realized that, in addition, the needs 

of a specific visitor might vary greatly from day to day or even from 

hour to hour. The reach of this problem also became apparent. In 

addition to the number and diversity of visitors with ASD adversely 

aff ected by the Acrocanthosaurus Exhibition space at the NCMNS, the 

common occurrence of similar spaces ðwith similar issues ð in 

Natural Science museums across the world compounded the impact 

of this problem. Few of these museums, including the NCMNS, had 

the funding to fundamentally transform existing infrastructure. The 

NCMNS, instead, looked to the College of Design to provide insight 

into ways they could use technology to respond to unique visitor 

needs on a more individual basis.  

 

Using technology to addre ss impairment is quite problematic. 

Technology can paradoxically provide access while excluding users in 
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unexpected ways. As Alan Roulstone, Professor of Disability Studies 

at the University of Leeds, maintains, ñTechnologies have the power 

to enable, yet also disable, to foster greater control and surveillance, 

and conceivably to embody the very symbol of alienation for disabled 

peopleò [5]. Designing technology to meet individual needs requires 

that the technology sense and gather information from users ð

critical, private, health - related information. Addressing the tension 

between intelligent customization and privacy became a key theme 

of critical discussion early in the NCMNS project.   

 

With this tension in mind, I framed the following brief for GD400 

st udents: ñWorking with the NCMNS Office of Accessibility & 

Inclusion, develop an assistive tool to transform the central 

exhibition into an autism - friendly experience. This new assistive tool 

(phone, tablet -based, physical artifact or other embedded or 

wear able technology) should customize the exhibition to better serve 

young adults on the Autism spectrum.ò The intent here was not to 

create what could easily be developed by off - the - shelf technology, 

but rather to design prototypes that challenged what it mea nt to 

enter a space of tangible artifacts as a visitor with impairments. 

Students were asked: How can technology personalize the space to 

meet the needs of each user, thus creating a welcoming, inclusive 

environment? How can technology augment and enrich i ndividual 

experiences? How can such an experience tap into current cultural 

shifts to encourage participation, collaboration or co - creation 

between users? How can the resulting system maintain the privacy 

and security of users?  
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Engaging in user - centered d esign methods to address this brief, 

the students first consulted with the Autism Society of North 

Carolina, as well as the NCMNS, to research and subsequently build 

personas of museum visitors with ASD. Each of the six teams ðthree 

students per team ðdefine d the needs of their persona and then 

paired those needs with a secondary condition to generate a more 

representative persona. For example, Team Two delineated 

social/pragmatic communication issues, hyper  focus and difficulties 

with temperature regulation as primary manifestations of ASD, while 

identifying Sleep Dysfunction as a secondary condition. Each team 

mapped out the defined needs of their particular persona, while, as a 

class, creating a more comprehensive map of the range of 

experiences individuals  with ASD might have while visiting the Acro 

Exhibit. This larger, more comprehensive understanding enabled the 

students to position the needs of users along a wider spectrum of 

impairment.  

 

The students then benchmarked current assistive technology, 

estab lished research guidelines appropriate to their specific 

personas, generated User Journey Maps to isolate persona pain 

points, and sketched out User Experience Storyboards of how the 

experience might improve. To broaden their approach during the 

ideation p hase, students engaged in an improv e exercise. In this 

exercise, students read assigned prompts and then riffed upon their 

initial responses using the phrase, ñWhat Ifò [6]. Later in the design 

process students tested rough prototypes within the museum 

env ironment by engaging in a physical ideation technique called 

Body  storming ðutilizing rough prototypes and props the students 

acted out the user experience within the existing Acro Exhibit space 
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[7]. Each phase of this eight -week design process centered on the 

needs of the personas and considered how an interface might 

respond differently to each user.  

 

From this research the student teams harnessed technologically -

driven approaches ðbone conduction tech, messagebots, 

conversational interface, sensor embedded - networked objects, and 

gesture -driven participatory interfaces ðto build hi - fi prototypes and 

construct scenario videos that redefined the visitor experience. Via a 

series of studio visits, the NCMNS Office of Accessibility & Inclusion 

provided feedback th roughout the project. At project end the 

students presented their design solution scenarios to stakeholders. 

The work involved no Non -Disclosure Agreement. Instead, the 

findings were made freely available for use not just by NCMNS 

museum staff but anyone i nterested in the research findings. To view 

final scenario videos, visit helenarmstrong.site or goo.gl/EAhwNa  

 

While the senior student concepts were unfolding, my NC State 

colleague, Associate Professor of Graphic Design, Scott Townsend, 

led a parallel st udio project. Townsend, who was teaching a 

sophomore graphic design studio, framed a student project around 

researching design, disability, and autism in the context of an 

awareness campaign for the NCMNS. This parallel organizational 

structure encouraged sophomore and senior graphic design students 

at the College of Design to share research findings throughout the 

semester, thus building community vertically within the graphic 

design curriculum. The sophomores joined the seniors to present 

their final work  to museum stakeholders.   
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Student Projects  

 

 

Sleuth  Tooth: Matt Kubota, Blair Torres , Aubrie Phillips  

Sleuth Tooth, a tactile, networked wearable object, guides the 

visitor as he/she moves through the museum space. This object uses 

data collected prior t o the visit to map out an individualized route. 

The visitor can fidget with the tooth or use a shaking gesture to 

transform it into a companion who provides intimate information 

about each exhibit.  

 

 

Imprint:  This messagebot system syncs with personal dev ices. 

Imprint offers curated personalities who converse with non - verbal 
visitors via text. Bluetooth beacon technology initializes the system 

based on visitor location . 
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Sound Imaginings: Lisa Callister, Mallory Schultz, Monica Ampolina and Nicole 

Robert shaw  

Sound Imaginings creates calm, subdued soundscapes throughout 
the museum. Bone conduction technology conveys these exhibit -

specific soundscapes when individuals place their hands over their 

ears ðnormalizing this stance. These spaces, slightly removed from 

visitor traffic, enable visitors to experience the exhibition content in 

a quiet, relaxing environment . 

 

 

Pause Pods:  Maddie Bone, Morgan McNeill and Mackenzie 

Robinson  

Pause Pods interject quiet, reflective spaces into busy zones 

throughout the muse um. The companion sensory map  responds to 
user traffic and environmental factors to guide visitors to Pause Pods 

and help visitors avoid stimuli that they find upsetting.  
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Colossal Callings: Sarah Hardison, Amanda Pearlswig and 

Jonathan DeBruhl  
Interac tive exhibition invites users to engage in movement as a 

way to learn about dinosaurs. Interaction with the exhibition unlocks 

additional information that is sent to a companion app for later 

discussion. Multiple participants can participate without the ne ed to 

communicate directly with one another. Adding participants changes 

the content.  
 

 

In Time: Maris Hall, Brandon Edwards, Megan Fowler  

In Time uses a wearable to empower visitors to explore the 

museum independently, bolstering confidence through explo ration. 

The AR component creates a customized, gamified, wayfinding 
system with specific goals for each exhibition space. The wearable 

also provides a social script for interaction throughout the museum.  
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3.  Conclusion  

The NCMNS project situates Inclusive Desi gn within a data -driven 

design space. Networked objects ðmobile, wearable or embedded 

into an environment ðcan gather data. Intelligent systems can 

analyze the data for patterns, make predictions, and respond 

accordingly. This technology opens up a range of possibilities for 

mapping out complex individual needs and responding to those 

needs beyond functional access.  

The NCMNS Office of Accessibility & Inclusion is currently exploring 

the implementation of student concepts presented ðsensory maps, 

bone conduct ion technology, etc. The scenario videos presented at 

the end of the project, more importantly, serve as provocations for 

strategies through which natural science museums might harness 

technology to facilitate useful and desirable museum visits for young 

adults with ASD experiencing a wide range of impairments. The 

tension between privacy and customization is unresolved in these 

provocations and demands further investigation to establish best 

practices for balancing individual needs with issues of surveilla nce 

and control.  
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Reflection, Empathy and Play: necessary tools for 

understanding within the design process  

Shelby Forrest, Raunak Mahtani, and Kelly Umstead  

Department of Graphic +  Industrial Design  

North Carolina State University  

Raleigh , NC USA  

1.  Helping Hands  

Every year there are hundreds of cases of children born with missing 

fingers or hands which have not fully formed. Some of these children have 

reduced functionality of the han d that may be supplemented with the use 

of a prosthetic device. Although beneficial, these devices may be quickly 

outgrown by a child and require a significant financial investment of the 

family. The Helping Hand Project (HHP) is a non - profit organization which 

provides upper limb prosthetic devices to children, free of cost, using 3D 

printing technology. A first -year graduate level studio in industrial design 

partnered with HHP to help these children meet their goals. This article 

presents a case study fol lowing the experiences of the industrial design 

students and their journey of designing prosthetic devices for children.  

 

The general design methodology used for the project was as follows:  
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The discovery portion of the process promotes empathetic 

under standing of stakeholder needs. The envision phase enables 

synthesis of the primary and secondary source data obtained in the 

discovery phase which informs the direction of the project. The 

create phase is characterized by iterative prototyping with 

increas ing levels of fidelity over time. The best solution is optimized 

in the refinement stage. Each phase of design is flexible enough to 

allow for iterative development in pursuit of the right solutions to 

the right problem.  

2.  Discover Your Perspective  

As the cl ass embarked on the research journey, it became evident 

that students were exploring apt language to describe the project 

and the children involved with HHP. After the initial project kickoff, 

which included the current president of the Helping Hands Proje ct 

and some engineering student members, each design student was 

recorded describing an overview of the scope of the studio project. 

Initial terminology utilized included terms such as ódisabled kidsô or 

ókids without handsô. 

 

Through awareness of language , the studio began to consciously 

critique chosen terminology used to communicate. The studio was 

introduced to people - first language. This facilitated discussions that 

people with disabilities are everyday people. And if that person is a 

child, they may h ave the same goals and desires as other children 

their age. People - first language helps eliminate stereotypes and 

generalizations associated with disabilities by focusing on the 

person first and foremost.  
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Very quickly, students referred to the children si mply as ókidsô or 

óchildrenô, with no clarifier. In situations where they needed to 

differentiate the particular children population they utilized terms 

such as óchild with a limb differenceô. 

3.  Primary and Secondary Empathy  

Through secondary source research  such as literature reviews and 

patent searches, the students set out to understand the current body 

of knowledge on prosthetics. Beyond the standard market analysis, 

peer - reviewed articles and patent searches, student research teams 

analyzed blogs, YouTub e videos, and Facebook groups in an attempt 

to better understand the attitudes and challenges of the children and 

parents. Students realized through this research that there were 

many complicated opinions about the benefits of prosthetics in 

general. Many of the students came into this project with the 

assumption that a prosthetic is a necessary aid for anyone with an 

upper limb difference, but discovered that there are many who 

refuse to use prosthetics at all. This could be because of limited 

comfort or f unctionality of the prosthetic, but was often an 

expression of independence and acceptance of their difference. This 

insight helped students move away from the idea that they were 

fixing a problem, and embrace the idea that the device was only a 

tool, and may not be serving an immediately visible need.  

 

During primary source research, students conducted interviews and 

observations of current HHP prostheses with the intention of seeing 

how children utilize their current prosthetic device in their home 

envir onment. In addition to the benefit of seeing children play in 
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their ónativeô environment, the students also began to observe the 

implications of not taking into consideration inclusive aspects of 

design. They were able to identify ówork-aroundsô that children and 

their families have developed, when products were not able to 

satisfy their needs.  

 

A general observation that emerged almost immediately after the 

studio began research was the high level of ability and confidence 

these children have. They involve  themselves in any and every 

activity they choose. Whether it is a day - to - day activity like wearing 

shoes or a specific interest like playing a sport or a musical 

instrument, they are capable of figuring out a way to go about these 

activities. In some case s, their body adapts and they manage to do 

these activities by altering the technique involved. Students saw 

blogs talking about techniques to tie a shoelace with one fully 

functional limb and even saw one of the children interviewed 

demonstrated how he do es it. Their fully functional limb tends to 

adapt and compensate, while the affected limb may be used to assist 

the fully functional limb. In some cases, the children and families 

design their own tools as workarounds. One family had designed a 

workaround guitar playing tool for the child using an allen wrench, 

duct tape and a guitar pick. The size of the childrenôs dreams is not 

inhibited by disability. Some of these children are interested in 

design and some have already designed prosthetic limbs for 

diff erent activities.  

 

The children interviewed by students expressed various needs and 

wants for a prosthetic device based on their personalities and 

interests. The children often viewed their desired prosthetic device 
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as an opportunity to achieve very specif ic things. Overarching 

themes were identified such as prosthetics as tools (returning 

function to increase independence), prosthetics as a communicator 

of identity (using them as personal expressions), and impression 

management (a social icebreaker and a c ool object to share with 

friends).  

4.  Play as a Communication Tool  

The students were quite comfortable conducting interviews, 

however when asked about interviewing children, they 

demonstrated less confidence. It is already challenging to conduct 

interviews wi th adults who are able to articulate their needs and 

emotions and who have enough self - control to engage in 

conversation for an hour. With children, the challenge is greater. 

Depending on the age, children may or may not be able to fully 

verbally articulat e their needs or desires. They may not be 

accustomed to being óintervieweesô and depending on how the 

interview is structured, they may not be interested in participating 

at all.  

 

As traditional interview tactics quickly proved ineffective, play 

subsequent ly emerged as the common ground between the 

designers and the children. Through physical activities such as 

kicking a soccer ball, running around, as well as more quiet activities 

such as drawing and building structures with blocks, the designers 

were able  to observe how the children interacted with their 

environment. Once asked by the designers to demonstrate how they 

do a certain play activity or to do a certain play activity with them, 

the children were usually more comfortable, cheerfully willing to 
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giv e the designers a tour of a fun aspect of their everyday lives. They 

were not reticent of their limb difference and conducted activities 

with confidence. Play also allowed for more fluid conversations 

between the students and the children. There were no wo rries of 

awkward pauses that sometime happen between interview 

questions, since there was the continuous participation by the 

children and designers in the activities.  

 

Using play as a communication tool also gave students insights that 

might never have co me out through standard interview techniques. 

One student research team was playing with a particularly quiet 

child whose mother suggested that he show them his ñbed trickò. 

The child proceeded to climb up his parentsô headboard and do a 

back  flip onto the  bed. This trick, besides getting the child more 

involved and excited about the interview, showed the students how 

much functionality the child had in his differently - abled hand. 

Students realized that giving this child a device that obstructed this 

hand w ould actually limit, rather than enhance, his ability. This led 

them to ask the parents more targeted questions about expectations 

for the device, and eventually revealed that what they really wanted 

was a tool to help the child introduce his limb differen ce to others. 

Through empathetic research, students were able to drop their 

assumptions and dig to find the actual needs of the children.  

The NOT - Hand Solutions  

The students started with truly understanding how children are 

utilizing the 3D printed hands p rovided by HHP. They were able to 

identify relevant insights regarding how and why they are being 

used. These informed the subsequent designs, some of which were 

not hand - like at all, but instead focused on the true needs of the 
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users. The class presented to HHP along the way for feedback and 

advice. The students attended an HHP family gathering to share 

prototypes with the children and their families and gain additional 

feedback. The resulting design solutions ranged from a website that 

streamlines the flo w of information between HHP and families 

requesting a prosthetic device to modular attachments that remedy 

dexterity issues. Helping Hand Project gained a number of concepts, 

some of which could be immediately implemented into their 

offerings. Students we re able to refine their design process and 

increase their aptitude for inclusive design.  

  

Figure 1. Students participating in a 
Helping Hand Family Get Together, 
sharing early stage concepts and 
prototypes.   

 

                                                                                              
Figure 2. Student getting feedback on 
social ice breaker hand design 
concepts. Photos courtesy of Will 
Reuther.


