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ABSTRACT 

This chapter describes the "Mobile Usability Lab (MU-Lab), a stmcturcd tool for pcrforming 5Y:;;-
tematlc analYSis of the accessibility of a targeted medical product or class of products. MU-Lab 

i73 
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helps guide a research team through the assessment process. The system consists of Web-based 
Protocol Manager (P~.1) software. plus hardware that can be transported '.vithin a customized suitcase. 
The process stans with preiiminary steps such as an initiai heuristic anaiysis guided by universal 
design principles; plus the important step of determining an appropriate population of uo;;ers 'with 
disabilities and uocurnenling lheir abiiilies. This is foHowed by Video-based usability data coiiecrion 
sessions that also include a structured postactivity analysis questionnaire. Dat:l analy<;is incllldp.s a 

special focus on task analysis of eVents related to accessibility barriers. 

13.1 INTRODUCTION 

Thc Rehabilitation Engineering Re"earch Center on Accessihle ~,,1c:Jical Instnlil1entation (RERC­
AMI), to fulfill its mission, has needed to develop and then use an effective tool for cross-disability 
evaluation of hmv medical products arc u~,ed. /\ key objective has been to understand access barriers 
that iimit effective use of a medical device. For instance. needs assessment research by the RERC-
AMI may identify a given medic,,] product or class of products where there is a high-priority need 
10 berter undersrand probiemmic or exempiary features associated with product use. A usahiiity 
analvsis is then nerformed that svstt'mrlticallv r1ocllmpnt, II,P <..tnltpP'jPs r1ifficlllti ...... flnrl flI'I'P"" ," , - -'---------------J -------------- ---- ------0-' -- ... -------, ---- .-----.. 

baiTiers. Data collection Involve:>. recruiiiug a 1>alllpit: ur voiullLeers wilh a diversity of abililies, 
including individuals \vho represent subpopulations with known functional limitations. It also requires, 
for ecological validity, t.'1at t.'1e tool be mobile iii order to enable data collection in the field, whether 
the site IS within, for example, a hospital, home, or clinic. Often the on-site researcher is alone and 
must multi task under time pres~ure~, having to both, interact \vith the subjects a.'1d collect sensor-
based and observationai data. Thus a key practical consideration is that the system be easy to use in 
the field and indeed ~erve as an "enabler" for the resea.rcher. Finally, it must support data analysis by 
a iearn of experts inai, al ieasi for some anaiyses, may be iocated at different ~ites (e.g., Wisconsin 
and California). 

The obvious first step toward addreSSing thc:>.c JieeJ,~ i,.., tu builu on pasi knowledge and work, 
specifically in the intelTelated field" of usability engineering, human factors engineering, and 
ergonomics. After all, these relatively mature ficlds have developed a rich variety of approa.:hes 
and tnob [1-3; see (liso many chapters in Parts 2 and 3 of this book!. Other resources include the 
Principle); ,.)f Univen:al Design [4], acce~,~,ibihty guideline~, fer certain types of products (5,6]. and 
a rich variety of approaches for human performance analysis tools. But based on the aims identified 
in the previous paragraph, none of t.hese existing approaches haye been found to completely satisfy 
the idt:nlified need. 

In developing an approach. one important ohscrv:lrion i" th<-lt the lise of most medical technologies 
is prOCedural and goal~dircCi.cd. The focus of the device use evaluation can be un aclivilies and tasks 
that are perfomled when using devices lhat have clearly identifiable performance goals. Thus, a task 
analysis of product use is viable, albeit challcnging, as humans will often adapt t.'1eir strategy based 
on their abilities. Often each activity can be broken into a sequence of subtasks (e.g .• stages related 
to positioning, mobility, reaching, manipulation, and communication). Ench of these subtasks can 
be broken down funher, and many such ciassiiication ~chemes exist (sec Chapter II and Chapter 9). 

Building on these com;iderations, a pmcess evolved to create a nove! approach that, as appro­
priate, exitacled u~dui ideas ami approaches from a number of fields. The resuh of a coiiaborative 
effort of over 2 years is a new technology called the Mohile Usability Lab, or MU-Lab_ This mobile 
system is specifically designed to study the accessibility and usability of ia.gtleu lIledicai ueviccs 
for individuals with diverse functional impairments and disabilities. 

This chapter shares some of the internal decision-making berJnd its design (especially in contrast 
to conventional human factors and usability approaches) and describes how this system integrates a 
comprehensive Web-based evaluation prnf..:edure '.'.'it.~ d:'lta collection hardware and soft'.-vare. <t."1d a 
slfUcrured dam anaiysis methodoiogy. Finaiiy, it describes experiences using the M-U-Lab technology 
for a nllmhe.r of (~onlrleted ,mn ongoing pilot studies involving human subjects with disabilities. 
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13.2 BACKGROUND 

,~. key challenge was to determine which of the many alternative approaches and methods to include 
in the MU-Lab. This section provides the motivation behmd lhe ~electlOn of the components of 
thi" to"l ~nrl 1l1flV "I'rvl' ~'" ,1 rp"""r.·p fnr crr""",, intprpdprl in intpcrr<>tincr f'"ncirl",r<ltinn" rot' <>.--.--p,,_ -.--- -- -- _.--.... -~ ---. ,- _ .. - ._--,,_._- .-. o·~-r~ .... -.--._- -.. ····-o·~.···o _~'N'~_'~"~"U ~. ~---., 
sibiiity or universal usabiliIY imo a usabiiity anaiysis activity. 

-j 3.2. i iNSIGHTS FROM USABILITY ANALYSIS 

Usability refers to the extent to I,l'hich a product can be used by specified users to achieve specified 
guais in an effeciive anu efficieni manner, to the satisfaction of these users. in our case, the specified 
users included individuals with a diversity of abilities. Indeed, offen inrlivirillals were recn.1ited 
with disabilitie:. that were hown, baSed on our national surveys a.nd focus groups. to have experi­
enced difficulties with or lack of access to the device [7: Chapter 2 of this book]. The specified 
goals relate to role::, played by a device to support and enable access by an individual to medical 
procedures and services. And flllaJiy. satIsfaction includes both an indication of whether the 
procedurc associated wilh device u);e \vas successful (e.g., collecting meful medica! information) 
and opinions of the users (c.g., patiem or heaith care provider). 

Usobility testing encompasses a number of evaluation methods that range from those typically 
u:>.ed eady in the uesign process ihal uu nul require a u~abiiity lab (e.g .. cognitive walkthrough of 
the goals of and steps involved in using the interface and heuristic evaluation of whether a Ilser 
interface follows established usability principles), to operational l:valuatillns and human perfor­
mance testing. Universal usahility ha~ a focus on designing products so that they are usable by the 
\vide~;t range of people operating in the wiuest range of situation~ as is commercially practical [8]. 

13.2.2 INSiGHTS FROM UNiVER5Al DE5iGN 

lJniver"ai design aims to design products (and environments) to be usable by people with a wide 
mngc of abilities, to the greatest extent po~sib!e, without t.'1e need for adaptation or specialized 
design [4: Chapter 6 of this bookj. Universal design overlaps substantially with (and is sometimes 
considered a synonym for) the concepts of "design for all" (a term popular in Europe) and "inclusive 
design'· [9,10; Chapler 7 and Chapler 8 of this booki. Seven consensus principles were deveioped 
that articulate universal design [see Chapter n], and they are quite reJev;'Jnt to de~!gn Hnd Hmdysis 
of medical devices Hi: equitable USe; flexibility ill U:;,c, :>.ifliple ;:lIIU illtuitive UM:, percepiible 
information, tolerance for error. low physical effort and size and ~paee for approach and use. 

Of note is that there ic; overlap betwecn these an~l the u",ability approach caned "heunstlc 
evaluatIOn." There is also overlap with accessibility (covered in subsequent pages), and indeed 
the Council of Europe's consenSUf: definition of Universal Design includes the pr.rase: " ... products 
accessible and understandabie to as well as IImbie by everyone .... "[ll[ But there are distinctions, 
::I" will hI" "ppn hplow nf'vil'P_"ripntprl morp nrflo-m~ti(' nprformfll11'''' ,TIPfI""rp" h::.vp hppn np"pl_ .-- - --- -- --- .. ----"- --.--- - .. -.----•. -.".- ,·-0···--·- r·-·· .. ····_··-- ... _-.. _._, ... ~.- ----.. --.-. 

oped i i2l. and evaluation melhod deveiopment is ongoing [13]; Chapler is and Chapter 9 of this 
book].) 

13.2.3 !NS!GHTS FRO.~,-1 ACC!:SS!B!.!: D!:s!cr'-J 

ACl.:es~ibilily addresses al.:cess io ihe inicnueu usc Dr a prouu\.:l (or service) by all for whom there 
is benefit, including any person with disability. There are degrees of lhis ability to acce~s, both at 
the level of the individual (e.g., device uSe may be difficult or impossible; inaCCessible device 
components or features may be optional or essential) and at the level of the population (e.g., more 
difficult or impossible for certain groups of users. integration of design features known to benefit 
people with similar functional capabilities). One important distmctlon between universal design 
and accessible design is that the former strives to satisfy the needs of all users concurrently, as far 
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as practicable, whereas the latter may add features specifically intended to accommodate the acce~s 
needs of some groups of USer~ \vh~ would othen;ise lack access by providing approa.:hcs that 
might not be accessible (or even of interest) to other users (see Chapter M and Chapter 25). 

We suggest that the MU-Lab tool provides (! cross-disability accessibility em!uafion rather than 
a universal usabiliiy evaluation in thal OUf focus is On perforrving a usability anaiysis primariiy for 
the parts of an activity (or task sequence) where access is difficult or impos<;ible for any user. In 
other v.'Ords, we prioritize the task analysis based on identification of Jifficuli Or ililpu~~ible access 
barriers. We turther consider the Importance of the subta~k or dcsign feature associated with the 
access ba..rrier. From this perspective, universal usability i~ <l subset of the accessibility domain 
because u considers the needs of ail users, with accCSSIbIllty conSIdering the role of assistive 
technologies in helping provide access, and also access through device ~ptions or multimodal 
interfaces. 

Note that at times, making an interface more fully accessible for <;oOle people may lower the 
degree of usabIlity for othcrs. For instance, an inteiface lIIay ol:comc more compiex when muhi­
modal optIOns are added or as the number of options grow. but these may he the very features that 
make it accessible to groups of people with certain functional limitations. Thus while we cali uur 
rechnoiogy the MU-Lab, the desired form of the usability analysis actuallv needs to be based on 
accessibility analysis considerations. A task analysis should be p~rformed th~t targets understanding 
the nature anu extent of barriers (0 use of the device. Thus the nature of this tool differs in some 
key ways from those used in conventional u,>ability analysis. 

For this project we avoid thc u~e of ihe term "accesslble deSIgn Accessible deSign includes 
two classes of definitions: 

I. It is a legal term thnt !n<l.nd<l.tes for accessible products in certain categories .... here 
~.~_..I~_..I~ _._.1 _ ..• .1.,._._ . , , • T" c_, •• _. . .. 
~l<.lIlUUIU.~ <.IJlU gUIUl:JJJJe." eXI.'iL, su<.:n as Access tsoara l:>J gUidelmes, which were devel-
oped to help implement certain laws inCluding the American" with Disabilities .A.ct of 
11)90 (ADA, (141) and Section 508 of the Rehabiliialion Aci of i 973 as amended in i 998 
[Rehab Act, [1511, 

2. It de~cribes the more general design methodology of maximizing aCl,;c~~JOlllly and 
minimizing baniers that prevent individuals from using a product and participating in 
<l.crivities associated with it. Degrees of ;xcessibility have been proposed to be captured 
by lhe words "difticuli" [ 6 j and "handicap" [l 61, each capable of describing a continuum 
while also havinz na\IlT(-!1 ,-]JJRlifiers (e.g., ~omewhat difficult and partially handicapped). 

1. Direct access· !'.1odify a prodiJet to significaI1tly imprOve its acccs~ibiliiy as related io 
the intended u&e of the product. 

2. Assistive access - Make product interfaces compatible with add-on assistive te(hnolo­
gies to provide the llser with fuli access, or support other reasonable accommodations. 

Legisiation such as Section 50~ of the Rehab Act allows either strategy [6J. Unfortunafely, rh~ 
legal definition of accessible de~ign if: not particularly beneficial to the aims of the RERC-AMf 
because, as far as we have been able to ascertain based on review of existing laws and discussions 
with federal exnprt .... mo<;t mpnir::ll in<;tnJnlPnt<>tinn ;~ {'11rrpnth, nnt ",...nc-;"/"m.,rl ~~ f'nl1 .. _rl~_ .1..~ , ' --_ .. - .. ------ -------- ... - .•• ---~., .~ -~ •• - .... ] ""'. ,",,, ... u,-n.",",,, CV 'au uuu ... ~ 1I1<;O 

scope of thl;': guidelines. in conirasi, regulaiions for impiementing the ADA inclUde a broad set of 
building design specifications called the "Ameri('<!flS with Disabi!ities Act Standards for i~.ccessible 
Design" tIlat hold facilities providing health Cate lU an even higher standard rhan other businesses. 
Also, Section 504 of the Rehab Act requires that any program or <;ervicc receiving federal financial 
assista..~ce, either directly or indirectly, be accessible to eVeryone. TIlis includes some hcaiIh care 

I 
J. 
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facilitIes. Thus in terms of the univcrsai ability ro access, the iaw~ are consilieTably i>tronger for 
health care facilities than for health care devices. 

INSiGHTS FROM HUMAN FACTORS, ERGOr-.jOMIC5 Ar-~D FDA 

The tields of human factors and ergonomics offer additional anaiysis touis ami appruaches fro iT! 

which the MU-Lab technology could potentia!!y benefiL Offen defined as the "science of work:' 
human factor~ or ergonomics removes barril:r~ lu ~afe human performance. productivity, and 
{]1I::.liJV hv fittino- nmdllrfs. tasks. and environments to Deople. Notice that this definition mentions -:t--'---J -.I ·'·-···or-·--·---, - , •• 

barriers, hUi tbl: barrier~ relate to safety and produelivity rather than accessibility. Often human 
factor~ is considered to have more of a base in cognitive pert·ormance while ergonomics has more 
of a baSe in biomechanics (121; sec also Chapter 11 of thi~, book). Both matter. l'iotice also thaL 
bv definition, human factors and ergonomics profe~sionajs arc con<:erned primariiy wirh the -;afety 
a~d productivity of the worker, in !·hi~ ease the health care provider, B.od less so with the product. 
in our case, the patIent. 

There are two key points to make. First the. hllman factors or ergonomics field has a longer 
history than the aforememioned fielu~. For thi~ rcason, many more approaches and tools exi~t, 
some with roots in h;nmechanics and others originating in psychology. The ~econd key point 
is rhat one ~irullg proponent of the use of human factors methodology is the U.S. Food and 
Orug Administration (FDA) and its Center for Devices and Radiological Health (CDRH), 
which has the responsibility fnr rcgulating medical device~ (including "durahle medical equ!p­
menC). Product "safety" (for health care provider and patient) and "efficacy'· (for ihe paiienl) 
arc the kcy criteria for the fD.A., and the CDRH has developed (l stnJ!1g interest in encouraging 
the llse of human factors principies and procc~ses in rhe ut'sign of .-nedica1 products 117-19]. 
The FD.A.'s Human Factors Branch has produced documents and supported standards activities 
that emphasize a sys!elIls perspeclive tu help companies minimize user risks and maximize 
error tolerance (-:ee al<;o f:hapter 17). One example is the current ANSIIAAMlilSO HE74 
siandard (HuIIlan factors design proceSS for medical devices) [20], and even more importantly, 
the emerging HE75 standard that is discussed in Chapter IS and Chapter i6. Both invoived 
actiVe FDA participation. These FDA cffortc; are not f:urprising, given that medical efror is 
said to bc the eighth leading cause of death in the U.S., i2i] and {har many meuical product.'> 
initially approved for u~e hy health profes~ionals in controlled settings have migrated to home 
use. Uften these prodUl:ts are used by persons with [un<:liuual1imitations, and indeed lhcre is 
rea~on to believe that there is synergy between accessibility and safety. The FDA also attributes 
a significant proportion of injuries to what it classifies as use errors. Therefore, the MU Lab 
technolpgy should address safety as part of its analysis, including identification of both unsafe 

acrivilies anu u~e eli"OrS. 
Risk management frequentlv mentions the importance of understanding user ahiiiries and iimi­

tations, often i; the conte~t of identifying "use st:~narios." Kaye and Crowley [18J provide H useful 

distinction: 

Analytic applOaches - Heuristics that imolvc systematiC decomposition and analysis 
of device use (e.g., use scenarios and descripLions, descriptive functionai and rask 
anal)'sis, heuristic analy:.is, and expert review'). 
Empirical approachcs - Use studies that invoive evaiuarion of uaia frum actual or 
~imu[ated use of the device by a representative "ample (If test participants (e.g., walk­
throughs and fuii usability tesring). 

Taken in the context of the aims for the Me Lab technology, thc analytical component of MU­
Lab should be structured mto the carly part of the analysis, whereas the empirical component should 

be the heart of MU-Lab system. 
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13.2:.5 PRACTICAL CONSIDERATIONS AND KEY SPECIFICATIONS 

Prior work in the relevant fields de<;criherl in <;ectioo<; 13_2 1-13,2A provided a foundation for the 

design of the MU-Lab system, summarized as follows. 

From practical considerations related to RERC, the MU-Lab needs contextual field 
evaiualions lhat meet certain criteria: 

For high ecological validity. feasible evaluatiom should he done at a representative 
health care or home site. 
The system should be mobile and modular, with wireless components used when feasible. 
/dl hard'ovare must fit within a rugged suitcase that meets airline rcquircmcnts for 
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Jack Winters's experience in neuTOmechanic~11 performao('e assessment. !o refine task 
analysis breakdown categories. 
Take advantage of existing ergonomics software packages for event-based task analysis. 
In addition to all accessibility-oriented la"k analysis, include identification of uSe 
error, unsafe activIties, and exemplary positive features within the analysis. 
Build Of! the foundatiof! provided by existing FD.A, documents [17 19] that support <L.'1d 
guide the inciusion of a human factors process in the design of medical instrumentatiOn. 

13.3 tv1ETHODS 

carry-on luggage. The MU-Lab system devciopment process attempted to synthesize the diversity of reqUirements 
The system should enable the field re~ean;her to effectively multita:::k, and include 
instructionai documents. 

2. From practical considerations related to the logistics of a multi site RERC team: 
A password-protected Web site should be used as the primary mode for protocol 
planning, data collection and storage, and data analysis. 
The cost or the MU-Lab technology must not be prohibitive, and must integrate 
cummercia! pnyJw:ts whenever possible. 
The rechnology wiii be deveioped and evaluated by the rnuitisite team, communicating 
through e-mail and videoconferencing sessiom 

3. From considerations and insights of usability analysis, we recognize that 
U:::ability involves specified users who may have disability. 
Specified goais nonnaiiy relate to the role that the dev1ce plays III the context of goal­
directed procedures. 
One important approach is IO soiicit measures of user satisfaction. 
l!sability analysis is hest done in stages, <lnrl llse of !mdtiple method~ that extract 
infonnatioi1 from different sourccs (e.g., experis, audio-videu, amI users) is ollen 
advantageous. 

4. From considerations and insights of universal design: 
Take advantage of project team member Mo!!y Story's long history of leadership in 
univen;al design to heuristically inregrme these concepts into the device evaluation 
protocol. 
Apply the Principle:;. of Universal Design <Ii an early stage of the evaluation process 
to identify what difficullies users may have. 

5. From considerations and insights of accessibie design: 
Carefully identify the intended use of the device. 
Craft lhe analysis iTt lcnns Dr identifying barriers to use, and classify these barriers 
as "difficult" and "impossible." 
Identify device features that affect accessibility, and study task proc·edures thai Iilay 
require use of these features, at least for some potential users. 
Identify device features and access barrier events related to the usc of assistivc 
technolog1es (asslstlve access). 
rrm<:;,;pr in",...I,,;n ... tp<:t ""hiP{,tc nIh .. h'HIP " ,;,,,,, .. <";,,, ,.,f .,ff""",..,1 ,1;, .. ,1-.;I;t;",,-
-~ ••..• --••••.• ". ···b ._.,. .. ~"'J--' .. .. ",v .. ~. ~ ~ ~.,. ~'·".l ~, '"L~"".",,''' ....... ,. ...... LUU""". 

6. From considerations and insights related to human factors, ergonomic~, ami the FDA· 
Takc advantage of the experience of project team members at the University of Cali­
fornia Ergonomics Lab, led by David RempeL and at Marquette University. particularly 

Li -

:.'Incl ~re('ific;-tti(lr!s; identified in Section! 3.2. 

13.3.1 CENERAI FRAMFWOR" 

The MU-Lab system includcs: 

1. A Web-based Protocol Manager (P!-.1) that helps guide the multisite research team and 
on-site experimenters through ail the stages involved in perfonning accessibility and 
usability analyses, including preactivity preparation and postactivity data evaluation tools 
and procedures. 

2. A portable usahility lab consisting of a collection of hardware and software that can be 
transported within a suitcase for on-site ta~k. il.llalysis. 

3. A task analysis procedure that is event-based and focuses primarily on identification and 
analysis of access bamer" and also dOCuments unsafe activities and use errors. 

Although it is po:::sible to use the first t'.vo of these technologies separately, the package is 
designed as an integrated system. 

The PM is an integra! pa..rt of MU-Lab when it is used a~ a comprehensive accessibility analy~i~ 
looi: 

It helps manage a multipart research study involving many devices becau~e it i~ organiLed 
hierarchically wilh the IRS approval code for a study at the highest level. 
It helps coordinate, implement, and document data and filenames associated with a study, 
as 1t structures and guides data collection and documentation. 
It provides a structured way to :::creen potential :::ubjects and to determine if any accom-
modations are needed for their participation. 
It provides ... tructured methods to conduct universal design analyses of medica! instn..!men­
lalion and user pre- and postaciivity scoring instrumems thar compiemem the task-based 
analysis lools. 
It supports integrated analysis of a single device or classes of devices with a "pal'ent--{;hiiu." 
structure that facilitates grouping and comparison of similar devices witbin the same 
class for a population of users. 
It supports multi site data sharing for approved members of the team, with an additional 
password protection beyond the initial user login that supports sharing of large files by 
upioading and downioading mechanisms among the researcher team. 

The PM, devdoped by the team over the course of more than a year of meetings, guides [he 
research team through various procedures that comtitute the device evaluation proce~~, including· 
formation of a research problem statement, understanding all aspects of instrument usage, utlivCI sal 
design analyses, prescreening and tracking of subjects (both health care patients and practitioners). 
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~n';,,;h. __ -c __ ~ ___ ~ _ __ '- _______ •. .,. " ". .... ~ .. 
a .... L1VHy p~lIlJlJlldlJU;; uu~c:rvalluIl~ uunng oma (oueenon, poslai.:lIvny IntervieWS at sUbJects, post-
activity data analysis and documentation. and data tracking for p.<l.I.:h targeted medica! device. The 
P!vl also includes tools to summarize the preactivity and postactivity qlJe~ijunnaire data. which aTe 
selectable by eIther lllstrument name or anonymous patient and provider codes. It is implernenled 
in ASP.NET, C#, and XML in the Microsoft VideD Studio.l'\lET cn\'ironment 

The PM has severai choices for site navigatIOn and dat~ saving, including a "save and lock" 
mechanism to protect data from being accidentally overwritten on;e a form has been completed, 
It can be implemenku 011 a single compmer with the heip of Intemet TntonnatlOn Server on the 
computer's localhost Weh site, in a standalone morle (whf"rp thp rifllfl i" <,.Inrpr\ on thp ..... "lYInntAr'" . - ---- -- , ----~ --.~ ----- .~ ~-~. __ ~ •.••• _ _ ~'''y''''''L " 

hu..--d drive) or online whenever an Internet -':UIllIt:diulIl::> available ~where the data IS stored dIrectly 
to the network database). 

13.3.2 PREACTiViTY PREPARAllON PROTOCOL 

13.3.2.1 Use of the Protocol Manager 

The team recogni:led early on that efficient collection of the most relevant aud useful data would 
benefit substantiaiiy from dihgent and thorough preparatury work to describe the problem and plan 
lIs-ability testing in the field. Before collecting any data in the field with tlie I'~1U-Lab, the research 
ieamlakes advantage of the PM to deveiop and organize the details surrounding a particular research 
study. - -

T1...~_..J_.~_~. __________ .·_ .' ~., ~.T· ,. , ...... _ 
1111:: <1UVi:lm.-e 1-'IC1-'alallOIl jJUfllon or me .t""lVIIS OIsCuSsea wlthm thiS sectIOn, which contams all 

of the PM sectiom that are completed prior to hringil1g in subjects to collect data. The~e forms 
include: 

1. Sedion I: Problem !>tatement page - This PM fann is Used to identify the spe-.:ilic device 
class (parent) and device model (t:hild) ofthe medical instrumentation under investigation, 
as well as to describe the key acce~5 problems or concerns to r..c investigated. 

2. Se-.:tion 11 - Pianning and preparation for usabillty testing. 
Section JlA: Instrllmpntmion 11S;1C"P n[]P"P _ Tni" PM f"T"TrI {lnrl1n-'1"'nt~ ,..,,....--, .... ~; .... .--,I .--,~~~ ..... ~ ------------ -~-e- r-o- , .. ,.~ ~ , .•. ~ .... ~~~~, .. "' ... ~ yu. ............. , .... ,.P ....... c.~ 
_~'.1... _____ " ____ , --' ___ : _ _ _ ,. '" •.• ~ ._.. • _ _ _ 

VI LJ1L' lUCUIUU UCVH,;e~ UllUer mvesngauon (e.g., meOlcal tacIlltles to be used tor Iicld 
testing, the manufacturer's intended and expected IJses of the device (class), cs!imate~ 
of the intended and actual conditions of uSe at the lest faciiities, and [he range of 
potential device users). 

Section !IB: Univers:d design analysis of device (patient and provide; pef.5.pedives) 
pages - These PM sectIOns are motivated by the Principles of Universal Design 
f6; 9, Chapter 6J, and are used to collect data on: 

Sensory usabililY (e.g., ease of use for a patient or proVider who is hard of hearing, 
deaf, or blind) -
,-, .. __ :~:_._ ..• ~'-:1:._ , ,..". _. • . 
,"----UblllL1Vt: u~auIIHy ~e.g .. ease O[ unaersmnamg or hOW to use a deVIce) 
Physical usabilitv (e.!;!., ease of use for a nerson who i" 'liP-HI tflll Or <..hnrt h,,~ l:-> .. "P 

- - ~ • -- - - ---- --- --,I .--- ~ ..... ~ •• , .. -"' ·-·b~ 

or small hands, or ean u;,e only one hand) 
ASsIstlve technology accommodation (e.g .. ease of usc for a per~on using a cane_ 
crutches, walker, or manual or powered wheelchair) 
Error tolerclnce (e.g., device safety from damage, user safety from injury. and device 
tolerance- of mistakes) 

ElJuiiabie lise (e.g., whether every user finds at least one way to use the device 
without stigma) 

lI.T~.~ .1..._ •• 1...:~ _____ ~ __ ,_ L _ '" 
~'Vl<;; Ul<1l lJJJ:) <1}Jj..'I,"-,a-':1I Ul:i:1!." .'sume slmllanty to me usanillty approaCh ot heunSIIC 
evaluation, which is also usually employed at an early st;:}gP of Ihe proce"" 
Section I!e: General requirements for test subject pelfurJnance page- This PM 
foml is used to document desired types of test participants (e.g .. quantity, ability 
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characreristi(.:s, ami experience levd). pilot testing needs, tasks am! number of repe­
titiom. to be conducted. and data collection tools needed for the data coHection sessions. 
It wppmts a team-based, interactive (either synchronous or asynchronous) approach 

to developing the field testlllg protocoL 

3. Se<.:tioll IlL Prescreening subject interview pages (patient and provider) - These PM 
forllls are used to document interview responses trom potential subjects and inciude 

sections on: 
Demographic data (e.g., gender. race, and education) 
Disabilities (e.g., vision, hearing, and pan!lysis) 
functional difficulties (e.g., reaching, grasping, and tlernof) 
Previous experience with thi~ lyre of device 
Provider experience level. In:::ating patients with specific conditions 
imp<linnent, hearing impainnent. or arthritis), if relevant 
As:-.istive technology use (e.g., cane, walker, or wheelchair) 

vision 

.A.I! of the above data are entered directly into the PM, using the software version on either the 
Web (www.rerc-ami.orglDITwoltTserLogin.aspx) or the loeal computer. The u:;;er must first have 
a U"e"fTIHme and pasq.vord. which are allocated and managed by the Rf:,RC-AML if an Tntemet 
connedion is avaihlbk, the PM ean be accessed directly on the Internet, in which case the subject 
data collected during the research session can be stored directiy on the remote server. Otherwise, 
the infonrlation is st;ed locally a.nd t.~e ~,1U-Lab computer acts as the server until the data is uploaded 

to the network database. 

)'l • .>.k.":; Preparation of Haidwai~ 

The following steps were adopted: 
Preparation for multimedia data acquisition: Figure! 3_1 displays a hardware schematic 
of the core MU-Lab technologies lhal arc availabit: for a usabllity analysis involving a 
hrHl--'I,vl mF'.-ii(,fll ripvi",,' or ('1a~" of dt~vice~. The first steD is to !;!ather the appropriate 
'~b~'-~ ... -_.-_. -- .. -- -- ------ - ~ - ., -

technologies prior io travel to the field silt:. For some studies or locations alternative 
cameras, camera stands, or specialized sensors may be needed. The MU-Lab supports a 
variety of audio and vid~o components, so the researcher can optimize the system for a 

narticular device and research setting. 
~ .. :.~~ __ ~_rl _~_~~~~~t.·· A II ~h" ~AI LT ... h h"rrI,,,,,t"P rnmnnnl'nt .. fit within a ~tandard 
0Ull .... ";:,1:: <lUU .... V111~V" ... ,U". "' ... u .... • '·OJ ~~~ •• ~.~.,~.- -~"'r----"-~ --- - ---------

carry-on suitcase (approximately 9" x i4" x 22'"), as shown in Figure 13.2. The laptop 
co;'putcr is c;:.rried in a separate case that can he stored in the larger ~uitcase. if desired. 
The suitcase is protected with hard piastic shielding and contains a customized foam 
insert to secure the hardware components during traveL All of the hardware has specific 
ioeations within the suitl:ase that are labeled and several pockets wit.~in the case are used 
to house the cahles and remote controls. Laminated copies of the informational doeu­
IIIc1I1~ iududed in electronic format in thc P!'.1 (i.e., Quick Start, System Diagram, and 
Pocket fnventorv) are also ineluded as hard caples in the suitcase. 
'-' __ 1..~ .".~.--1 _~~.-:_~~~¥. u"',--.""~ ... ,I·,t·, ",---,llp."ti.--.n "oftm!lrp (i f-' .~vnJ'hroni7erl Video Data ,"---_,"-,lUI '-J.uau j-JIV ......... '.'VI .................. .,'" .... ,,, ... ~~u~_.,~·· .. _ ••.. _.- , .. -., -~-----------

Acquisition - SYDA) currently supports oniy one video input [ur uatu collection, a 
col~r quad processor is used to compile up to fOllr video ~treams into one output (to the 

_ ••.• , ., • , ___ ·.L .1... __ •• ~--' ____ ~n ___ ,L,_~~rl;~ ... 
laptop computer). :-:ieveral Qlsplay moues are avallamc WIUI Ult: yU<1U }JIV .... I::""Vl, U ... .P .... llu"'b 

on the number of cam('"ra~ in w;e and different rescarch requirements, including modes 
to view a singie video feeu, two "ideo feeds via pieturc-in-picture (PIP), or up to four 
video fee:d~ with a quadrant display. Either the remote control or the buttons on the front 
uf the quad processor can be used to switch between t.'"=.e different modes. and more 
settings can he used to display the time, date and separate channei namcs. 



182 Accessible Med ica l Instrumentation 

. ·Wireless··· · 

.·Wireless · . • § 

1 

or Wide Angl(' 

... ........... 
\'<'ireless 

W;"I,,,,M;""phonle 1 Wireless Microphone 2 

FIGURE 13.1 Schemmic of the hardware technulogies of rhe MU~Lab. 

Came:as; Several remole-cont rolled wireless video cameras were eva luated prior lO 
sclc~tmg th.e m~e.ls ~o~ ind~s i l1 n in the MU-Lab, and it was desired to maximize s ignal 
quality whIle minimizing size and weigh!. Three differem models were selected for 
inclusion in the MU-Lab. inc luding higher-cost di gital vil.leo cameras that can be auto­
maticall y panned, tilted, and zoomed (Vanguard). and lower-cost di gital video cameras 
that have 60° (XCam2) and 120 0 (WideEyc) fi e lds of view. 
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FIGURE 13.2 Phologrnph of the MU·Lab hardware components stored within the rnll·abu:JnJ suitl:a!>l:. 

Wireless video receivers: If multiple wireless video cameras arc used for tcsting. a 
separate video rece ive r must be used for each camera . Each camenl and rel:eive r pair is 
tuned to the same unique d ;.mnd (A, R, C, or U). Camera and receiver pairs can transmit 
signals up It) 100 ft. a lthough the highest qual ity signal is obtained when the recei ver is 
placed near the corresponding came ra. 
Microphone system: A discre te two·channcl wi reless microphone transmill er- rul:e iver 
system and a boundary microphone are ind uded in the MU· Lab to enable audio coll ec· 
tion. if desired. 'nle wireless (I (,9- 172 MHz transmission) mic rophones may be cl ipped 
di rectly onto a subjec t or a researcher. which is helpful in noisier environment s. The 
protocol includes a process for checking for the amount of inte rference wit hin the 
research environment before collecti ng data . A boundary microphone is ava ilable to 
enable aud io co ll ecti on inside :l rnfllJ'l wit hout havi ng to attach the microphone transmitter 
to subjects. T he omnidirecti onal microphone can pick up audi o in the hemisphere above 
and in front of the mesh area. but not below or behind it, and the protocol includes a 
process for checki ng the qualit y of the audio signal. 
Camera stands: Severa l camera stands l:a ll he included in the MU· Lab. and a ll of them 
ha \'~ Iht! nel:essary fillings for attac hment to the stands. The carrying case has space for 
up to three camera stands (or they can be carri ed separately). The height ranges fo r the 
current camera stands arc 7.5 in .. 12.7 to 47.7 in., and 610 64.1 in . A ce il ing all1l1llll t is 
also availabl e. 

13.3.3 0 ,,· SITE U SA81l1TY TESTING 

This ~ct ion describes the technical data collection process that occurs during usability testing wi th 
human subjects. Norm all y two components of usability testing data are collected from suhjt!Cls : 
data collected with the PM. if used (e.g .. subject questionna ires and recnnJi ng o f observations). 
and data co llected using Synchroni zed Viden Data Acq ui sition (SVDA) software (e.g .. audio. video. 
and possib ly sensor data files). 

13.3.3.1 Use of the Protocol Manager for Prepa ration for Data Acquisition 

The PM supports co ll ectio n uf 1i t! ld lIata on ly to guide the process and document <lctivities. The 
PM software is available nn a password.protected site on the Interne t whenever there is web access 
at the field faci li ty. and thi s is the preferred method for PM data co llecti on since the subject inle rvi!!w 
data collected during the research sess ion is stored directly on li ne. Otherwise, if the information 
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is stored locally, the MU-Lab computer acts a'l the server umii the data i~ upioaded lO the remme 
server. Data is alltomatically stored within a folder "tructllTe (a:o: XMT, files), whic.h rlre r~adily 

available for further review in the field. Nonnally the field researcher will run both the PM and 
SVDA software (sec Section 13.3.3.2) simultaneously on the s.ame laptop computer. 

Assuming the P:M was used during the advance preparatjon phase (see Subsection 13.3.2. t), 
all of the collected data is avaiiable to the field researcher to help implement the sequence of" tasks 
in the testing protoco!. The PM can be used to record on-site obser/utions and document file na .. ne~, 
and then after data coHecrion, to coBeet postactivity interview data. 

13.3.3.2 Using SVDA to Collect Data 

Synchronized Video Dam Acquisition (SVDA, NexGen Ergonomics) software, deveioped by Ihe 
authors of Chapter 12 (Yen and Radwin), is used to simultaneously collect video, alldio, and <;en<;or 
datil. It support<; a y.,'ide range of compTes:!Ilon alg\)nthms. Several other software tools are available 
for subsequent data reduction and analysis. 

Steps required to use SVDA in t."1.e field are outlined in the MU-Lab manual, available to the 
on-site research both III hard copy stored wIthin the suitcase and electronically on the laptop. The 
MU-L:~b User's Manua! also provides a suite of troubleshooting capabilities. 

13.3.3.3 Use of the Protocoi Manager to Administer Postactivity 
Qu€stioniiiiii€ 

After a subject conducts the specified sequence of tasks to use a medical device, the researcher 
hat, the option of using the P~.1 to conduct a structured interview. The postactivity questionnaire 
compiements video-based data collection of subject performance by systematically assessing the 
subject's opinion of the accessibility and usability of the devices. 

The posracIiviry quesIionnairc covcrs thc foiiowing areas: sensory usabiiity, cognitive usabiiity, 
physical lISahility, error tolcranCl\ safety ;-t.nd l~omf(Jrt; <l.nd AT <l.ccommodation. Open-endeD com­
menl& are also recorded at the end of each area. Many of the questiom. withill the postaclivity 
questionnaire are similar to the preliminary universal design analysis (in Section llB of the PM: 
see Subsection 13.3.2), with an emphasis herc placed on the subjects' impressions of their expe­
riences during the testing session and their satisfaction with the device. 

While the core ~et of questions are designed to apply to any type of medical instrumentation, 
the researcher can aiso add up to eight customized instrumentation-specific questions. This abiltty 
to add que<;tions directly to the Web-based PM postactivity questionnaire is an important feature 
that has been used for every iRB-approved study conduered to date. 

13.3,4 POST.J!..CT!V!TY EW.LUAT!ON TOOLS i\ND PROCEDUR.!:S 

I J .. u·t. I Accessibility· Centered Task AnalYSiS 

The team evaluated a range of commercial products for video-based data analysis. One viable 
approaeh is to use vidco editing cards (i.e., Canopus DVStorm2 and MatfOx RT.X I 00) that use 
Adobe Premiere for enhanced video editing capabilities. However, afler evaluating many approaches, 
it became apparent that an event-oriented ergonomics package adapted for barrier oriented acces 
sibililY anaiysis, was most suited to our needs. 

Multimedia Video Task Analysis (MVTA. NexGen Ergonomics, developed at the University 
of Wisconsin~Madison) is used for dara and rask anaiysis procedures, specifically interactive time 
and motion analyses of video recorded aClivities hy re~earcher<; (Chapter 12). In genenl.l, MVTA 
is used to identify eVents with teoninal break point:'. during a tirfled activiiy for u~ahilily analy:st::!I. 
Multiple video and sensor data streams are synchronized so they can all be viewed on the same 
timeline during video playback, and video files may be viewcd at any specd (i.e., ieal time, slow 
motion, fast motion or frame by frame) in both forward and reverse directions. Optionally, an event I 

I 
Ii 

J& 
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may be replayed in a continuous loop or an arbitrary event or point in time may be displayed. 
MVTA can also be used to produce conventional time study reports or to study the frequency of 
occurrence of any particular event, which may be heipfui in usability analyses but has not been 
used with the MU-Lah thus far. 

A standard prorocoi and tempi are were creaied for conducting medical uevi(.;e usabiiily anaiyse~ 
with MU-Lah and MVTA. The default set of MVTA records for all usability analyses. based on 
an evolutionary internal develupment proCbS, (:onsists of the following: 

1. Orienting and positioning budy or device barrier- Consider: dynamic support needs. such 
as at setup or beginning aild end of device u&e, c.g., tTatisferring, bc.dy balance or stability. 
physical obstruction, movement requirements, reaching, strength requirements, etc. 

2. Body support barrier --- Consider: static support needs for body Dr extremities 'Nithou! 
whIch there IS loss of stability or fatigue, e.g., seat, back, leg, arm, and head support. 

3. Phy.~ical interaction, mam~')Hla!ion, and operation of controls barrier- Consider: physical 
interactions wiIh controls (e.g., switches and levers), reaching, handiing, strengrh, dex­
terity, motor controL physicRI (lb~tn.lction~ to hands (or other appropriate hody part). 
e((.;., during use. 

4. Sensory barrier with communication or displa)' - Consider: device exceeds sensory 
capabilities for vision. hearing, touch, etc. (e.g., sighl1inc::;, leucr ::;i/.c, sound volume, 
ambient noise, and tactile features). 

5. Cognitive barrier ~ Consider: misunderstanding device, misinterpreting visual cue;.}, 
memory demands, cuing, and language loften difficult to interpret). 

6. Us!:' error - Consider: misuse from manufacturer's intended manner of use. 
7. Unsafe activity - Consider: activity Ihal may pui subjecr or orher person al risk of injury. 

Note that this i~ (! very important record and special attention should he paid to accurate 
lueniIficaltOIl and classificatiOn. 

S. Environmental barrier with device - Consider: architectural elements. auxiliary fumi­
ture, or equipment other than device. 

9. Unable to use assi.~tive technology eff"ectivelv with device - Consider: device impedes 
effective use of assistive tec!mologie::.. 

to. Assistance jrom another penon requ.ired with device - Consider: must directiy affect 
subject's norma!, intended, and expected use of device; may be physical (does not include 
device use tasks normaily performed by someone eise) or vcrhai (uoc~ nol induding 
subject prompting needed for ta~k performance). 

11. Exemplwy pusiiin: device Jeatuies - Consider: device features that enable or facilitate 
use (does not include environmental features). 

12. Flag for ,TVie,,' - Consider: need for further review or discussion. 
13. Context-awareness cumments. 

Notice that reconls to 5 classify accessibility barriers. For eaeh of these, th.ree possible events 
may be marked: 

Impossible - a critical barrier that makes intended device use impo<:sible for this person. 
Difficult - a substantial barrier thar makes device use difficult bUi stiii pos:-.ibk. 
Mildly difficult - a very minor barrier to device use or inconvenience (use of this 

(.;aicgury is optional). 

nf nAt .. ;c th<lt rh;<: <lnnrn<l,..h r!ivproPI: frnlll thp ,..nnvpntinn<ll "t~<;k :In:llv<:i<;'' th:1t i<; common ;n 
,~ .... ,,- ...... _- ...... -l'r~---'~ _ .. -'0-- .. _ ...... - -_ ... _ .... _ .. _ .. _ .... - .. ~-_ -_.. . ..... -- .. ....... . 

usabiiity engineering and human factors and ergonomics. Ralher, the focus here is un a(.;ct:~~ibilii.y 
barriers, scored vsing the "impos~;hle" and "difficult" tenninology that is common for acce~sibility 
guiJdines ~uch ao.; ibe Web Acces:'.ibility Initiative Guidelines, Priority Levels 1~3 ([22]; see chapt€i 
23). This is an important point and perhaps more than any other helps us distinguish between 
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usability analysis (where the fOCliS is on task perfonnam:e) ami accesslDlIlIY anaiysis (where the 
focus is on Identifying and then trying to understand barriers). In essence, the f()clJ~ of accessibility 
analysis, as developed here. is on using bUITier analysis as a form of "triage 1'01 largt:leo (and 
dCiaiied) anaiysis of strategic subtasks. 

Notice a!"o that records 6 and 7 identify use error and un,s"afc activity, events of interest to th.: 
FDA thal ale dearly wurih documenting. Of panicular interest to the RERC-AMI and others is a 
better understandinl! of when these events COITf'hHf' with >1"l'p""ihilit" h"rrip,.c 

~ - - --------- -.---. ----~ •• -.-.... .J ~~ ••• -.~. 
D;~hll .. _~~~_.-l~ c> 0 -._..l'O'..l_ .•• ''' __ '-_ . ." •. • .. . 
~ lUaU), l .... VIU.~ n, 7, auu lV IUt::lIlUY UUIHt':rs ur suppon prOVlOea Dy Other oDJeds and people 

that may be in the vicinity and affect use of the devicc. The project team decided that no barrier 
should be marked if subjects use an assistive technology (e.g., gla~st:s, pTU~ihesis, or wheeichair), 
and they are successful in usmg the deVice. 

!mportantly, custom MVT.A, records and events can also be added for more ~Pt::l:IIH; uaiu 
analyses. This is an imponant feature. one that was used, for instance, for the study rep0i1ed in 
Chapter 14. Examples of C":l.I';,:tom records include: 

Active device interat:tiun (consider: device feat1.1rc~ that the subject actively engages for 
use). 

Shoulders or arms supporting body weight. * 
Contact pressure on ha..:1ds or arms. 

Exnmples of custom events inc!nde: 

Wrist range of motion - Moderate and Extreme** 
Reaching AND grasping ~ Moderate and Extreme.f.H 

13.3.4.2 !ntegr~ted Analysis of Subject Populations and Devices 

A hierarchicai "parent--child" structure with summary reoortinl:!: caoabilities of the PM f'n}lhlf' >l 
re~earcher to easily compare data from different subjc·cts t'or ail; giv~e:n device Of ci~~-~ -u-r d~~i~~s-: 
The researcher can generate reports for a group of subjects \Vho use the same device, for one 

~.~~j_~~~_:~~.~_s~~<;_ ~ d::~~ o~. multiple ~evic:", a:d for !h~ ~omparative rating and ranki,:g survey 
lUI ~"'v"'U:u Ut::VIl:t:::-. WlUlIIl llle same ClaSs . .tor mstance, It a researcher collects data for a group 
of individuals, who use several different E',xHmination tables, pre- and postactivity survey dat~ 
"" ... h"'m,.~n'A_: __ A/l\iC _____ . ___ l_ .. '-: ..• , .. ,. ,_,~ _ 
...... " v .. • 'UIl111IULIL .. U \') IVl 1>"'~"'ldl ~uUJl:l:t" auu one examlllanon tame, tL) tor a group ot subJects 
and several examination tables. (3) and for a subiect's ratinp" >lnd r:mkinl' r{)mn",;",{)n .... t· fhp 

~ '0' .. --- - --"--"-0 - --"r~'~~" VL ... ~ 

examination tables. These summary tools within the PM autOmate much of the data reduction 
process, so the data IS presented in an organized. tabulated manner with the tot!'!l nlJmber of 
n~"nonnf'nt" fnr Sl oj""n rl'~n"n~'P <011,...,,...., .. rl --,.---------- --- - 0"-" .- .• J:-"~ •• v~ ., ...... " .. ~ ..... 

13.4 RESULTS AND DISCUSSION 

T~o sets of the core component~ of the :MU Lab technology were first successfully iranspuned in 
sUIicases and demonstrated at an RERC-AMI Advisory Council meeting in Februarv 2004 in 
Oakland. CA. At thi" st:1l'f' thp PM ",nftw",." U/,,~ dill h",;n ... r",£; ... ",rl nn.-l n~ ::.;~ ... _~ +~ ",~,:_'. : .• ~ .. ~ 

• . -"''0'- .--- - - - •• ---- •• -.- .... ~ ~ .... ~"'L"6 L .............. , "'''Y ("I (HIll VVLl" ~V ~VHl-lL IIlpUl 
from the pn)ject's advisors. 

'" Custojjj IC(;Ollb l:all he addeu a., (;ustum events if they can be categori/.ed within a default record. For example, "Shoulder~ 
or anm ~upponmg body \~eight" could bewme an <:vcnl under the "Body support barrier" record. 

"'* Vole can always a~,ume a cuslom window-e~ellt is an imtance nf thc dcfault wi~dC'w-event. S0 if cu>.tum c\'ent~ are u~ed 
in nlacc (If thf', rl .. fa"lt f'v,.nl< thp ...... fn)'\t inf"r,.,.,~ti"n ,·,ill ~V;".,. ~r ".~1' ~. _____ -,_._,,_ ~ '_£. .' "' . 

, . .. - - ....••• - -----...... - .... ~ ••• ". ~uu v~ •. "3, ,,~ .... " a.' ""VI", U<;L<111<:U 11ll"1J1]<llIUlJ lUI llJOSe wno 

are intereo,ted. 

'AND" eVCfJl~ can be used when there is more than one barri<:r te~ent) occurring simultaneotl~ly 

I 
J.l 
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Ine firSl human ~Llbjew; studie:-. :-.laried in the summer of 2004. To date, !,.1U-Lah has been 
lisen or is in use for ei£ht IRS-aooroved human subiects studies. Of note IS that several of these 
~tuJies were designed "pecifically: to evaluate rVfU-Lah as pa..'1 of the development process [23] and 
were perfonned by graduate students from Marquette University as part of their master's projccis. 
n~~ .~~,.~ ........ ,...;"".; ~ ",;rl", r'l"O'" .... f' m",rl;,.,,1 rl"'~li,',,~ "IPrp n11rnn",,,lv \;f'lf'['tp.ci to he evaluated by 
~UI ''' .... ~'"' t""J"".""'" H ....... ' ..... 0- ~L ••• _ .... -_. -- .. --- •• --- r--r-'--'~ .. -.--.-- .- -- - "' 

samples of subject~ with diverse abiiities. Pan of one of ihese is highlighit::tl ill Chapter 14. In all, 
the~e evaluations involved five to twelve subjects u<:ing one to three sample products for each of 

the foliowing types of devices: 

Exam table, hospital beds, and weight scales 
Dental chairs, dental monitor, and portable (dental) x-ray 
Cycle crgometers, heart rate monitors, blood pressure monitors, and pulse oxymeter 

These evaluations ~.erved multiple purposes. First, bec<tllse the~e <,:tllciies were performed by 
. _ . ••• •••••• "' .• .. •. , ..•.. , , .. __ .11..~~1. .c ___ +1.._~_ 

members at the team develuplllg NIU-Lao ~ano coaumurs on Lfll~ l:JlUl'Lel). leeUUdU\. llVlll lll"'''''' 
",vnpri"nl'p", h>l'" hppn ll"p:d 1n c()l1siderahly refine the MU-Lab technology. esoecially as related -"j"'-"-"---- ._--- ----- ~ .. -- ... - ---- ~ _.. -

to the PM. For instance, two versiun:'. of the PM were developed, versions 1.0 and 1.1, .... vith the 
latter including a refined reporting structure and more capabilities for comparative data analYSIS. 
St:l:oiid, these ~tudies helped establish a secure database of example~ of acces~ibility barriers 
for a ram!e of device-disability conditions. The database has been critical to a reliabiiity study 
of the ba~ricr data analysis pr;tocol used \vithin !v1.VT.A, in "ihich a co!!ection of members of 
the California-Wisconsin team have independentiy scored videotape segments in MVTA using 
the core categorie~ of records from Suhsection ! 3.3.4.1 Thi~ int!:"rnal study. which is especially 
focused on examining reliability of idemifying "impo~~ible" and "difficult" events, is nearing 
completion. Third, these ~tl.ldie~ have refined instructional materials such as the MU-Lab 

manual [24]. 
The other studies that have used MU-Lab are varied in nature. One study targeted videocon-

fefencing h;:(:hnologies "..-here the participants on either side of gO:lI-directed tete-encounters had 
differinl:!: disabilities and was performed at the Telerehabilitation and Perfonnance Assessmem Lab 
~. "ft.!I~~~~.~ .. a TT~:"~r";'" I;:",,,:r..,l d,.rli",c h"",,, hr ... ",t",,-i <In,,),,,,,i..., "rinnov!'ltivp tf'rhnoloP"ies oesiQned <1< IUa.L\.fU\..CLI .• uu .. ""''''"'~. '"''-' ,'-', ... , ·H"~'_" .. ~, _ '''L~_' __ -"-'J ~ .. , ~- .-.--- . ---. - -~- .. -----'O'-- - .. - co 

for use in stroke neurorchabiiitation, induding one study at (he Vererans Affairs .Medical Center 
in 11.,1;1 ....... "1-",,,, '1\",.., rp .... ",ntl" <lnnn,v('{1 ",tmiip<; rf'l!'ltf' to ll!';e of MY J-T ~ah for oroiects associated with , ....... n .. ~.~_. ~"v '-~-".'J -rr--'--' -.-_.- ... -.-.-- -- .-- -- - , J 

Ihe RERC-AMrs Developmem Program D3 - Emerging arid Accessible Health cafe Technologics 
(see http://www.rerc-Hmi,org/amiJprojects/d13). Both relate to usability evaluation of innovative 

imerface let:hnoiogies. 
Several human subjects studies related to Research Program R2 - Usability Analysis (sec 

L._._. 11.. .... _. ____ .. _: ," __ I~_,: 1~~_: __ .~/rrn ~ .. ~h "" av",.,...;,.,',';""" l.~hl",<o i,,....,,o-;n,, ",n,,;nmpnl hnmf' IIlljJ.IIWWW.I ... Il--aJllI.VL5.aL1L11plvJ .... <~11I ... 1 ... U ... 1I ............... LU ................... ~.~~, ...... ~'''O -"'1-'r"'-"-' -------

monitors, and infusion devices are III preparation. Recently started is a study related to Deyei­
opm.cnt Program D2 Design Projects (see http://'.'lww.rerc-ami.org!aJTIilproject~JdJ2) that will 
evaluate, for a diversity of users, an exercise ergometer. This wiii include an inlegl ait::d collection 
of potentially exemplary accessibility features thHt are largely hased on the work of student 

" • ~ • , .~.. , ....•..•• _._._ .. ___ • ____ ~~;1-1~ ___ " __ '_r~;~ 
deSign teams Irom arouno tne counlry. lnelr wurK LaJgt:Lt::U IUWt;I-l-V~l dl-l-"'~"'VI'" vI5UlII"""I.~ '" 
the RERC-AMI national de~ign competition (see also Chapter R). The titles and principal 
invesiigator for all or lbt:: RERC-AMI sponsored human subjects studies that use MU-T .,h o:>rp 

posted at http://www.rerc-arni.org/ami/projects/human/.asite that is updated as new projects 

arc approved. 
Notahly, a side benefit of MU-Lab use is that It serves as a natural training tool for leaming 

.. h ..... ".",,,:~;h;l; ......... ,,1,,~i~ "c ... hi1'tu o:>n·.hl~·i..., "n;vpr",,,,l dp>:ion "nrl hllm:oln f:1ctnr!'; and erQ"ononlics. aVUUl w ....... "'HL'U .. ' .......... , """, ... " ......... J _ ....... J .• '~, _., •• -.~-. --"'0--' ---~ --------- --.-. - -.... ...., 

MU-Lab provides a structured process for integrated accessibiiiiy and usubiliiy evaluation. This is 
not :l self-evident process, and indeed MU-Lab is the {.:onscquence of an evolutionary process that 
upon reflection, differs from whar any membel of this team ~oulJ have conceptualizcd two years 
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ago. This is, in many ways, its added value. It is both a procedural tool for protocol development 
and implementation, a.."'1d a..'l educational too!. 

FinaUy, MU-Lab complemems [he MED-AUDiT tool that is being deveioped for Research 
Progr<l.ffi R3 - Accessihlc Metrics (see Chapter 22). Thp. b:-y'distinction is that for MED-AUDIT 
thefe afe no human subjects. Recenf insights gained from !lIe expert survey compared MU-Lab 
and MED-AUDIT approaches thal are reported in Chapter 14. Based on these insights. it 
is becoming clear that the.<;e two alternative appwaehcs are, in fact, quite complementary as 
we strive to establish excellence III performing systematic accessibility analysis of medical 
instmmentation. 

13.5 FUTURE DIRECTIONS 

The integrated collection of technologies called I'-.1U-Lab that is described in this chapter v,.,ill 
cominue to be a critical vehicie in the RERC-AMI's quest to better under~tand barriers to accessible 
medical instrumentation and to identify <;.trategie" for removing ~m:h barriers. From the initiation 
of this project in 2003, the aim uf ihis toui has been to serve other RERC-AMI activities, in 
particular projects within Research Program R2 (for detailed usahility analysis of specific, tHrgeted 
problematic and potentially exemplary medical products), Development Programs D2 <:IlId D3 (fur 
evaluation of accessibility and usability of innovative medical technologies), and Research Pro­
gram R3 (as a complementary approach to the ~.1ED-AUDlT accessibility metric described in 
Chapter 22). Because a MED-AUDIT accesslblhty analysis requires less investment of time and 
resources than a comprehensive MU-Lab human subjccts study. it make~; ~ense that r-.1ED AUDIT 
eveniuaiiy be integrated into the preactivilY componenL of the PM, where it can be used as a sort 
of accessihility triage filter that hi"lps identify ~trategic types of users who may be predicted to 
have uSe barriers as well a:;, :;,uggest task prm.:edures thai should be pan of the testing prmocoi for 
the device. 

U:o;c of MU-Lab i'j gmduaHy becoming habitual for staff members of the RERC-AML Thi.-; i~ 
important. A considerable advantage of such habitual use is that it influences how we approach 
research and de~ign evaluation activities. Based on planned u:o;e, the main improvements will relate 
to refining the PM so that it better supports advanced stall~tical analysis. This is a challenge because 
11nlikp for ronvpntion~l <,;tll~ip<,; with hiah1" rnntrnll,..rl ""hnn""1,,t;nn,· "'''' nrn",..ti"",1., rl ... <o;r", <·"hi"' ..... ~ 
~-------- - -- - _.-. - ... -.... _- .. ----- ..... -.. ···0'··-' -_ ...• _ .. _- .'~-1"""-1"""~'~~-"~' ..... 1"""._ ........... ".~ .... "" .. " ""UJ""'.' 

wiih di~abijiiies and indeed comorbidilies because our national consumer survey has found this to 
be the norm (Chapter 2). Thus we n,e lookin.g into advanced methods for statistically correlating 

assessment i>cales made at the preactivity stage (e.g., impairrneni and independence) wilh pOSIaC­

tivity metries related to performance and identification of barriers. We will also conti nne ongoing 
activities related to as:o;cssing and improving reliability. 

Agamst the advice at" several members of the RERC-AMI Advisory Council. we have chosen 
not to patent or sell thi~ technology. Information on and about this technology is freely disseminated, 
and RERC-AMi staff is avaiiabie to provide techmcal aSSIstance to teams that may want to 
imnlf'mpnt thf' hnrnwi'lrf' i'll Ih .... ir "itf' nr ""'" ""n ... ('t~ nf th", ~ ..... ft,,, ... ..,,. 'Th ... ('nrp Pl\1I UI ... h ~ ..... f"t"'"r''' ----r--------- ---- .-_._ .. _-- --- .----- _.-- _. -~- -~r--·~ _ .... _ ~_ .... ~._. ~ .. __ ~,,_. , .. "-V .,," • ., .. ,_, 

wrillclI in eft ami hosted on a password-protected site. is only avaiiabie by way of tirst buiiding a 
collaborativc relationship with the RFRC -AMI at some !eve!. The main criteria for co!!aboration 
with an entity outside of the RERC-AMI i~ thai they havc interest in ac.:c.:essibiliry and usabiiity 
analysis, and that they agree to provide periodic feedback on thcir experiences with MlJ-T .ah_ This 
in turn mny help improvc MU-Lab, whieh is our intent. 

We would like nothing better than to have the MU-Lab technology used by dozens of groUDS 
interested in usability or ergonomic or ac::essibi!ity analysis; because -~f the nat-ure of the pa~kage, 
such users wiii iikeiy find that they end up employing an mtegrated accessibility-usability approach 
to conduct their research, which benefits all. 

I 
I..if. -

The Mobile Uo;;ability La.b Tool for A.c("E'o;;5ihility An;]IV5io;; of Medic;"!1 r1f>vicf'O;; 189 

ACKNOWLEDGMENT 

This work is supported by the RERC-AMI. funded by the National Institute on Disability and 
Rehabilitmion Research, U.S. Department of Education Granl #H i 33E020729. Ali opinion~ 
expressed are those of the authors. 

REFERENCES 

!. Sanders, M.S. and McCormick, E.J . Human Factors iF) Engineering Design, MC'Gnlw-Hill_ Nt~w York 
i993. 

2. Nielsen. J .• Usability Hngineering, AP Profcssional. Boston. MA. 1~93. 
3. Cook, A.M. and HU5sey, S_M . Assisriv(, Techn%gi(',: Prinrip/PI· Dnd Prr/l"fi("(> Sr T .ollis. Moshy. 

1995. 
4. The Center for Universal Design. Thc PrinCIples ot Umver~al DeSIgn, NC State Umverslty. Raleigh, 

11)q7. rf'trif'"vf'c1 from hnp:Jlrl.f'sign.nc<;u.enu/cudluniv_Jesign! prine_overview.htm 
.J. U.S. Access TIoard, A Federal Agency Committed to Accessible De~ign, retrieved from 

hup:!Iv.-ww.acccss-board.gov. 
fi Section ~OR federal ~ite. 2(){)~, retrieved from http://www.section508.gov. 
7. \Vinters, 1.M.W., S:ory, M.E, Bamekow, K., Premo, E., Kaile:" J.1.. Schwier. E., Rempel, D., and 

Winters. 1.M .. Problems with Medicai instrumentation .l:.xperienced by Patients with Disahiiities. Pmc. 
Human Factor.1 and Ergonomics Sodetv 48th Annual Meeting. Santa Monica. CA. 2004. 

8. Vanderheiden, G. Fundamental Principles and Primity Sdting fur Uni\"cr~n.! Usability. 2000. retrieved 
from http://trace.wisc.eduJdocsit"undamentai_princ3nd_priorilY_ acmcuu2000f. 

9. Prei~er. W.F.E. and Ostroff. E.. Eds .. Universal Design Handho(Jk, McGraw-Hill. Ne\v York. 2002. 
10. European Institute for Design and Disability, retrieved from !1!!p:!!w\'.'w.f.b·;ign-for-~ll.org!, 2005. 
1 1. 

i2. 

!3. 

14. 

15. 

16. 

17. 

'0. 

19. 

20 

21. 

D4.1 Report on update of Design for All and Design for Aii reiared higher educarion and research 
policies in EU member countries amI U.S .. lST-2001-38786 IDCnet, 2004. available at http://www.idcnet. 
infoihtml!!DCneClJ.1.1.htm!. 
The Center fur Universal Design. Evaiuaiing ihe Universai Design Performance of Pruuuch (U[)iver~al 
Design Performance Yteasures for PnJduel~), 2000. Raleigh: NC State University. 
Story M.F. and Mueller LL., Universal design perform:mce measures for products: a !!lO! for 
assessing univer~ai usabiiity, in Emerginx (lnd Accen·ible TeleCOrllrllUflicaiiurI.l, lflji)llfllliiofl anti 
Ilealth Technologies. Winters, 1.M., Robin~on, C., Simpson. R .. Vanderheiden, G .. Eds., RESNA 
Pre~,~;, .A.rlington, VA, 2002, pp. 19-2g, chap. 2. 
u.s. Access Boaru. ADA anu ABA Al.:ce~~iuility Guidelincs fOI Buildings <lild Fa.ciliti6. July 
2004, amended August 5, 2005. Available at http://www.aecess-board.gov!ada-abalfjnal.htm 
Rehabilitation Act, Section 508 (29 U.s.C. 794d), as amended by the- Workforce Inv",~lmf"nl Ad of 
i998 (P.L. iUS-220), August 7, 19%. 
World Health Organization, International C1assitication ot hmctlOning, Disahl1ily and Heaith, Geneva, 
2001. 
Sawyer, D .. Do It By Design: An Introduction to lluman factors in Medical Devices, fDA's Cell:e. 
for Devices and Radiologic Health. Rockville. MD: I'UA CDRH. 1~96, (see http://www.fda.gov!cdrhJ 
hllmfac/doit.html.) 
Kaye. R. and Crowley. J., Guidance for lndustr:v and FDA Picmarket and Design Cuntrol Reviewer:i­
Medical Device Use-Safety: lncorpuratlllg Human Factor~. 2000. retrieved from http://www.fda.gov/ 
cdrnJnllmf.1c/14Q7 hrml 
Medical Device U~e-Safety: IncOiporating Human Factor~ Engineering into Risk Management. FO/l. 
(jUldanec Document, issued January 2000, see htlp:iiwww.fda.govJcdrhFtlumfacii497.htmi. 
ANSTlAAMI HE74~2001. liuman Factors Design Process for \rlcdical Devices. Arlington, VA: A~so-
ciatiun for the Advancement of Medicalln:;trumentation, 2{}Ol. 
Kohn, LT., Corrigan. J.M., Donaidson, M.S .. Eds., To Err is Human: Budding a Safer Heahi! Syslem. 

Washington: National Academy Press. 2000. 



190 

22. 

23. 

24. 

Accessible Medical Instrumentation 

Web Content i1.ccessibility Guideline~ WOiking Group, Web Conh::nt Accessibility Guidelines, Version 
LO, May i 999, Avaiiabie at hnp:iiwww.\v3.org/U{/WCA(j!U. 

Lemke, M.R., Winters, I.M., CampbelL S .. Danturthi. S., Story, MJ·;.~ BaIT; A, and Rempe!, D.M., 
Mobile CsabiEty Lab: Ii. Tuu! for l\ccessibility and Usability Testing of Medical Instn.iliIClllaliun, 
Fllle IEEE Eng. iVied. Bioi., San Francisco, CA. 2004. 
Lemke, .\1., Winters, I.M., Story, M.F., CampbelL S., Bah, A" Omiatek, E_ RI~mpeL D, User's 
Manual fnr Mohil€ Usahility Lab (MU-Lab), Tech Report 
Re,;ciifch Centcf (HI Au.:t:ssibie Medical instrumentation, 
h up: Ilwww.rerc-ami.orgJami/tech/tr-ami-OO I_ill 11-lab. aspx. 

AMI-DOl, Rchabiliiaiion Enginccl jlJ~ 
Milwaukee. Version 1.1, 2U05, see 

1 

1 /1 Comparison of 
I 

Tools for Biomecnanical 
AnalYSiS of l'v1edical Devices: 
\Ajhat Experts 

Melissa R. Lemke and jack M. Wini"" 

CONTENTS 

Abstract .191 

14.1 
i4.2 

Introduction .... 
Background ............. , ............. , ..................... . 
14,2.1 Hllm:m Movement and Biomechanics 
14.2.2 
14.2.3 

..... , __ ,.:1,. __ n ____ 1.._ .. 
Lll1>aUIlIlY rH;;vall;:III.;t: ....... 

Accessibility and Accessible Design ............................... .. 
TT_; •• ~_~~l f'\~~;~_ 
UlJJ~~J"UJ Lo' .... ,,'o ....... 

.................................... 192 
,no 

....................... 17J 

193 
194 
194 

................. , ......... , .. 195 

14.2.5 Human Factors Engineenng and Ergonomics .. ...................... , ...... , ............... 196 
14.2.6 Current !\1edical Device Guidelines and Standards .. _~~, 197 

14.3 Methods .. .... 198 

14.4 
145 

14.3.1 Expert Research Packet 
14.3.2 Experi Participanis ...................... . 

143,3 Expert-Testing Protocol. .... . 
J"t • .J.'+ Collection and Reduction of 'MVTA Data 

........ 198 
lnn 

.. ...... 177 

.199 

.199 
14.3.5 Collecting and Reducing Protocol Manager (PM) Data ...... , ................................. 200 

14.3.6 Collecting and Reducing MED j\UDIT D.A.T,A .................................. 201 

14.3.6.1 Rater Data ... .................................. 202 
1-1.3.6.2 Expert-Based "Importance" Matrices for Mapping across DOnl(lim .2m 

14.3.6.3 preMED-AUDiT Scoring Aigorirhm ............. LU'+ 

14.3.6.4 Reduced preMED-AUnIT Data for Expert Research PackeL ............... 205 

Resui[s .. ... 205 

Future Directiom .......... 20Y 

1"t.J.1 MED-AUDIT ............. .. ...................... , ....... ', .... , ... , .......... ".209 
14.5.2 MVTA 

Acknowledgment.. 

.209 
........... 210 
............ 210 

.210 References ... 

ABSTRACT 
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