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Abstract

Safety warnings play an important role in commatirg risk via product labels
and environmental signs. With the diversificatadrcultures and languages in the United
States, and with the increasing globalization ostmadustries, emphasis on the
communication of this risk through symbols and othen-written forms has increased.
Both ANSI and ISO have developed voluntary stamsl&wdthe production and
evaluation of warning symbols, but many symbolsenitty in use have been found
deficient with respect to the comprehension anéctifeness guidelines found in these
standards. In other cases, commonly used symheks fot undergone effectiveness
evaluation at all. Thus, there remains a needddyce warning symbols shown to be
effective in communicating risk to a multiculturatultilingual, global society.

Though the ANSI and ISO standards fail to speaifgchnique for developing
symbol designs, three techniques were identifiethfthe literature. Of these three, the
focus group method was claimed by its developelk®tthe most effective in producing
high quality symbol designs because it involvedisga users of the symbols in more
aspects of the design process than either of tiex téchniques. The focus group method
requires human participants to sort and filter mdesigns into a single proposed symbol.
This type of search task is well suited to macltioeputation, and this research will
model the focus group method of human design géoarand consolidation as a

distributed interactive genetic algorithm whichIveivaluate and generate designs using



simple simultaneous feedback from a group of huosans. The literature revealed a
similar interactive evolutionary computation algbn used to design safety symbols in a
prior study, although that algorithm used a simeticipant and still required human
designers to evaluate many symbols by hand tordaterthe best design. The proposed
distributed interactive genetic algorithm will remaothe designer’s input at this stage of
the design process by allowing the users and twritim to determine a final design for
the group without designer interference.

First, a survey was administered to 145 univesiiylents and safety
professionals to determine an ordered list of gafetssages (or referents) sorted by their
perceived difficulty to convert into symbols. Frahms list, two referents were chosen for
the study, one easy (“Hot Exhaust”) and one difti¢iDo Not Touch with Wet Hands”).
Seventy American university students, 35 born @thS. and 35 born in India, were
recruited to sketch symbol designs for each otwlwereferents. These designs were
evaluated by a panel of safety professionals totifyethe graphical attributes contained
in each drawing, and the presences or absenceloidentified attribute in a given
symbol created a binary attribute matrix for eagflerent. These matrices were summed
and clustered using a K-means clustering algorithaetermine the centroid values of
each cluster of symbol drawings. Thirty-five dditries were identified by the panel
among the “Hot Exhaust” drawings, and the clustergvealed that only three of them
were present among the centroid values of eadmediite identified clusters. Likewise,
28 attributes were identified for the “Do Not Toustth Wet Hands” drawings, but only

five were present in the centroid values of the fdusters identified for this referent.



From these centroidal attributes, a version ofdis&ibuted interactive genetic
algorithm was created for each referent. Fortypsiticipants, divided into four groups
of 10-12 by country of origin, designed symbolsgsihe algorithm, and the symbol
most representative of each group was compare@bydrticipants from around the
globe to symbols generated using a traditional otetnd to symbols in use currently.
The results indicated that for the easier referétdt Exhaust”, the algorithm produced
symbols that performed as well or better than sympmduced by other means,
including the symbol currently in use. However, thlee more difficult referent, “Do Not
Touch with Wet Hands”, other symbols performeddretian those produced by the
algorithm. Additionally, the algorithm generallgroverged in 20 generations or less,
which falls within the recommended limitations otk algorithms within the literature.
However, the algorithm converged faster for U.2l anultinational groups than for
groups of participants from other single nations.

In summary, the distributed interactive genetgoathm technique showed
promise as a design tool for developing symbolsglkaorm as well or better than
current design methods. Furthermore, the algotgtperformance may vary depending
on the difficulty level of the referent tested aslivas on the composition of the
participant groups used in the design processth&uresearch is needed to confirm and

characterize these relationships.
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CHAPTER 1

INTRODUCTION

Hazard warnings communicate safety informatioterofn the vicinity of the
hazard, through a variety of modalities. Classigainings, such as the light house and
fog horn, have been used for centuries to aid tegpesed to hazards to which they
might have been unaware (Egilman & Bohme, 2006)m@on warnings in modern
American society include flashing lights and bédirens for railroad crossings, printed
pharmaceutical information about potential side@§g and interactions, and traffic signs
alerting drivers to the risk of deer crossing tightvay. One of the most common forms
of hazard warnings is the static visual warningiclvhmay include written messages,
graphical symbols, color coding schemes, or alheée (ANSI, 2007a, 2007b; ISO,
2003, 2006). These kinds of warnings are foundvargty of locations, such as on
product labels, in written manuals, on industrighage and in places used by the public.

Graphical symbols have been suggested to improvghension of visual
warnings as well as to attract attention to thewefBema & Zwaga, 1989; Davies,
Haines, Norris, & Wilson, 1998). Unfortunatelyethrocess of producing effective
graphical symbols for static visual warnings caraltedious and time consuming task
involving iteration after iteration of research fi@pant input, designer evaluation and
field trials (Goldsworthy & Kaplan, 2006; Green, 93 Young & Wogalter, 2001). For

this reason, many designers borrow or modify exjstiesigns rather than attempt to
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create their own from scratch (Edworthy & Adams9@P However, using older
symbols that were designed prior to the publicatibaurrent guidelines may mean that
the borrowed symbols have not been evaluated &r ¢ffectiveness (Deppa, 2006) or
that they were not designed with a global, diveeulation in mind (Huer, 2000;
Laughery, 2006). While more and more symbols aredxdesigned and tested, at least
in part, to address the former concern, the latbacern continues to grow more
problematic as global trade and immigration divigrgie user populations of nearly
every product or piece of equipment.

The use of participatory design, or the developraetevaluation of design
concepts using potential users of the system atymtp is believed to improve the quality
of the final designs (Schuler & Namioka, 1993).isTtechnique has been used, to
varying degrees, in the design of graphical warsymbols for years (Green, 1993;
Macbeth, Moroney, & Biers, 2000; Pettendorfer & Malvao, 2006). Furthermore,
recent advances in computational methods haveldtetaddition of technology to assist
in the participatory design process (Carnahan &i9p2004; Carnahan, Dorris, &

Kuntz, 2005; Dorris, 2004; Dorris, Carnahan, Ors8nKuntz, 2004; Dozier, Carnahan,
Seals, Kuntz, & Fu, 2005b; Parmee, Abraham, & Mag008). This has proved to be
a promising development in the attempt to involhar@rdiverse participants in the design
process because the technological innovation altmssmunication of design

information with less interference from the basief language, culture and geography.



Resear ch Objectives

The literature, reported in Chapter 2 of this elittion, reveals a gap in the
incorporation of innovative computational technglag the participatory design process
of producing graphical safety symbols. While cotagional technology has been used
to assist symbol designers before, it has yet tiod@porated into the methods that are
the most participatory in nature (Macbeth et Q@ Pettendorfer & Mont'alvao, 2006).
Furthermore, the literature clearly reports thesinig component of cultural and first-
language diversity among the participants recruibediesign and develop these symbols
(Huer, 2000; Lesch, Rau, Zhao, & Liu, 2009; RussBdbr, 1993). Thus, the objective
of this research is to bridge the gap betweengipatiory design and computational
technology by using advanced computational tectesda replace a traditional symbol
design focus group with a group of design participanteracting through a computer
network. In this way, users of various culturesguage proficiencies and even
geographic locations can interact and share ideanimgfully and simultaneously in the

symbol design process.

Resear ch and Dissertation Organization

The chapters of this dissertation are organizedrdang to the publication
format. The dissertation is comprised of six ckaptanuscripts. Chapter One is a
traditional introduction, and Chapter Six is a ttiatal conclusion. Chapter Two is a
comprehensive literature review of the safety wagrsdymbol development process and
the use of interactive evolutionary computationlésign risk communication. Each of

the remaining chapters is a stand-alone manusiegatribing the purpose, methods,



results and discussion of an experiment. Becalte@pecial arrangement of this
format, a brief survey of the most relevant litaratis provided in each of the remaining
manuscripts. The experiment in Chapter Three ssrsafety professionals to determine
the expected difficulty of converting written wamgimessages to graphical symbols in
order to sort those warning messages by difficu@rapter Four reports on the
production of two pools of symbol proto-designsthagach pool portraying a safety
message from a significantly different difficuligmel identified in Chapter Three. Each
pool of candidates was analyzed for their semanttidoutes and grouped into clusters
with similar design intent. Software using disttibdi interactive evolutionary
computation was developed with the capability afducing symbols comprised of
components from the median symbol of the clustéstified in Chapter Four, the users
of which performed the symbol generation and refieet role traditionally performed by
safety symbol design focus groups. Chapter Fivensarizes the development and
performance of the algorithm and reports the resafla comparison of the newly
produced symbols to previously published symbotstarsymbols generated in an
additional experiment following the focus group heet of symbol developmernthe
limitations of the study, the study recommendati@msl the overall conclusions are
discussed in Chapter Six. The appendices con#ailsl outlining the recruitment and
participation of human subjects, the specific ptots used for each experiment,
summaries of the collected data, and other infaonathich support the results

presented in the chapter manuscripts.



CHAPTER 2
A REVIEW OF THE LITERATURE ON THE PRODUCTION AND

DEVELOPMENT OF SAFETY WARNING SYMBOLS

I ntroduction to War nings

Wogalter (2006) defines a warning as a safety comcation “... used to inform
people about hazards...” While the last two dech@dee seen a dramatic increase in the
amount of warnings research (Laughery, 2006), wgshave been used by people for
millennia (Stanton, 1994). For example, bells waree used to alert villagers of an
advancing enemy force, and lighthouses have longedamariners of reefs or rocky
shores. With the industrial age, new hazards asg®many new warnings were
developed. Pedestrians and passengers were dedadoming trains by lamps and
whistles, while hand signals and signs used byoeil workers helped ensure that
locomotives and people avoided undesirable intemast{Egilman & Bohme, 2006). As
industrial production and therefore industrial hrdsancreased, the development of
warnings aimed at industrial workers also increadede to both growing concerns for
the safety of workers and the emergence of worlepiiajciry litigation citing a “failure to
warn,” organizations such as the National Safetyri€d and even the U.S. Congress
contributed to the development and use of warn{@dgrk, Benysh, & Lehto, 2003;

Egilman & Bohme, 2006). Today, both voluntary stamls and legal statutes exist that



recommend, or in some cases require, the useatlysaarnings (ANSI, 2007c; ISO,
2003; OSHA, 1996).

Laughery and Wogalter (2006) list three specifiggmses and a fourth general
purpose for warnings. Warnings attempt to infoeogle about hazards, their
consequences, and how to avoid them. Warningopuipinfluence behavior;
specifically, they promote safe behavior. Warniggs/e as a reminder of previously
learned information, including the nature of hagaadd their consequences, how to
avoid them, and where and when to be vigilant.alnwarnings’ ultimate purpose is to
make the world safer for its human occupants.hismregard, they serve a public safety
goal of protecting members of society, and theeetbey have received considerable
attention from government and standardization dmgaions. Laughery and Wogalter
(2006) present a brief but informative summaryhef growth of regulatory interest in
warnings in the U.S. during the 2@entury.

In practice, warnings may take a variety of forrifiough not exhaustive,
Hammer (1989) provides an informative list of wags targeted to a variety of human
senses. Most people have experienced warningsatigat the olfactory (odorant added
to natural gas to detect leaks), tactile (rumhipsion a highway to warn of upcoming
intersections) and gustatory (a bitter chemicakadt poisonous products to keep
children from consuming them) senses, though exasng these are relatively rare.
Warning modalities that utilize the visual and @odi senses are more common (Cohen,
Cohen, Mendat, & Wogalter, 2006; Laughery & Wogalg906). Auditory warnings for
fire, severe weather and burglary are well knowaneples among the general public.

Industrial safety warnings that use the auditorgretel include backup alarms on



vehicles, atmospheric contaminant alarms and tiee\af an attendant guarding a
confined space (Hammer, 1989). Familiar statioalisvarnings include those which
appear on product packaging and labels and thas®lfon signs in the workplace and in
public areas (Lesch, 2006; Rousseau & Wogalter6 208 visual warning may also be
dynamic, such as an animated hazard warning sigeleztronic scrolling traffic sign or
even a set of hand signals to and from crane apertd those on the ground (Hammer,
1989; Wogalter, Racicot, Kalsher, & Noel Simpsd#94). Some warnings may even
involve more than one of these modalities. Setalies have specifically explored the
efficacy of various warning modalities, both wittand across sensory channels
(Campbell et al., 2004; A. H. S. Chan & Ng, 200%ad & Edworthy, 2006). In fact,
mixed modal warnings, especially those that utitiadtiple sensory channels, have been
shown to improve warning effectiveness in some exist(Cohen et al., 2006).
Warnings are passive in their protective functiothiat they require a response
from each warning recipient in order to be effeetiEpecifically, an effective warning
must be noticed, understood and heeded (Miller Btae2001). Other researchers have
defined more detailed models of the warning pro¢€tark, 1988; Lehto & Papastavrou,
1993; Rogers, Lamson, & Rousseau, 2000; Wogaltgqgyp & Laughery, 1999), and
Lehto (2006) provides a good historical summarthaf research. However, it is not the
aim of this research to explore these models fudhéo comment on their adequacy.
Rather, the purpose of this literature review isxtamine the process of designing the

graphical symbols used in warnings and other saf@tymunications.



Warning Symbols

Much of the warnings research from the last twcades has focused on
evaluating the effectiveness of warnings as a comcation system, and in a majority of
circumstances, visual warnings were the primary atitydof interest (Smith-Jackson &
Wogalter, 2006). Though they differ in their tawomy, several researchers have
reported that, regardless of modality, the warmraress involves a series of stages
which must all succeed in order for the warningpeceffective at changing behavior
(Lehto, 2006; Rogers et al., 2000; Wogalter etl®199). Though a discussion of these
individual stages are not salient to this resedRdyers et al. (2000) provided a thorough
summary of the variables identified in empiricaearch that affect a visual warning
system’s performance. They identified more thap&®on-related or warning-related
variables that affect warning effectiveness basetheir effect on at least one stage of
the warning process. Laughery and Wogalter (20@@)er contributed to this
understanding by labeling some variables specijieadesignvariables

Though several of these design variables (e.gr,colessage length, signal word)
can be present in warnings without symbols, theofisgmbols as an important design
component has been noted in several studies, asgdalLaughery and Wogalter
(2006). The effect of symbols (pictorials, iconsghics, pictograms, etc.) on the
warning process has been studied extensively emei@gl, research has determined that
symbols can aid warning performance by callingrditbe to the warning and enhancing
the comprehension of the warning message (Wog8lieer, Leonard, & Zaikina, 2006).
Specifically, Laughery, Young, Vaubel and Brelsf¢t®93) reported that symbols were

useful in gaining attention for warnings, espegiéthr those in which printed information



is small or illegible (Kalsher, Wogalter, & Raci¢c996), and Davies et al. (1998) found
symbols to be especially valuable when space ogitjmeor label was restricted.
Furthermore, Friedmann (1988) found that the presef well-designed symbols
increased the probability that salient informatwatitten in the warning would be read.
Jaynes and Boles (1990) reported that pairing sjgnkith verbal warnings improved
compliance over either component presented alohigg Wesch (2008a, 2008b) found
that the pairing of accident scenarios and symincigased comprehension and recall of
prior knowledge more than did a pairing of symhwith verbal labels. Interestingly,
Kalsher et al. (1996) notes that warnings thataargraphical symbols are preferred by
people over warnings that do not.

Nevertheless there have also been empirical stwdiesh found little or no
benefit to the inclusion of symbols with warningdoth Otsubo (1988) and Friedman
(1988) found that symbols generally had no effechoticeability of or compliance with
warnings, while at the same time noting that thetnoticed warnings, including some
with symbols, were also the most heeded. More ¢texmr abstract symbols were found
to distract from the actual hazards by Mayer anakL(@&989), although the inclusion of
simple and concrete symbols improved warning nabdgy in their study. Jaynes and
Boles (1990) qualified the benefits they reporteaht pairing symbols with written
warnings by also reporting that symbols alone virereded less often than written
warnings alone. Though research has suggestethératare many benefits to the use of
warning symbols, symbols that are designed poody acttually be detrimental to
warning effectiveness. Therefore, this researcitentrates on the design and evaluation

of warning symbols rather than on other aspecteefvarning process.



Symbolsasa Cultureand Language Bridge

An additional advantage of warning symbols oveeotliarning components is
that symbols have the potential to be understooa ¢yeater number of people (Wogalter
et al., 2006). Research has reported warning sigtbde both language-independent
(Liu, Hoelscher, & Gruchmann, 2005) and culturetred(Edworthy & Adams, 1996).
Hodgkinson and Hughes (1982) found that pictonatructions could circumvent
language barriers among multi-national customemnainpacking and assembling IBM
typewriters, though several design iterations wereessary to produce an adequate
version. Foster and Afzalnia (2005) tested syngbahprehension in the UK, Korea and
Iran, and they argue that agreement among thetsesuggests that standardizing
international symbols may be possible. Kalshed.gt1996) reported that well-designed
pharmaceutical symbols may be critical in reacluatients who have low literacy or low
language proficiency, though they caution that odesigned symbols may actually
decrease comprehension in these populations. Howseme research challenges the
notion that symbols are culturally neutral (Smigétcklson, 2006). Huer (2000) reports on
several studies that have found a dependency db@yercommunication on cultural
experience, and she suggests that culture anddgeguateract and cannot be easily
separated in a communication context. Russo and B893) reported that symbols,
such as the “X” (i.e. a cross) may have an opposéaning in Egypt than in Western
countries, and Dowse and Ehlers (2001) found annh&ming preference among low-
literate South Africans for symbols designed locedither than internationally.
Unfortunately, the involvement of potential usersymbol design is very rare. Dorris

(2004) and Huer (2000) suggest that individual$ wihitations in language proficiency
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bear the greatest risk from poorly designed symlyetisboth authors report that the few
research studies that make use of potential usexygmbol design almost exclusively do
so only in the symbol evaluation stage. Thus,ahlemains a significant dearth in
symbol design research that incorporates poteudils in the design process. Itis the
intention of this research to fully utilize cultliyadiverse research participants to both

design and evaluate warning symbols.

Designing Symbols

The development and implementation of the grapymab®Ils which comprise a
portion of, or in some cases the entirety of, atyafvarning has proven to be a challenge
to researchers. According to Dorris (2004), theepdure for producing a safety warning
symbol involves three steps. First, the symbaitended message must be determined.
The message intent may be to prohibit certain ast{e.g., “Do not touch.”), to prescribe
or require certain behavior (e.g., “Wear safetysgies.”), or to communicate information
about a hazard (e.g., “Danger. High Voltage.”) (J2006). This message is known as
the symbol’s referent. Second, a pool of candidgitebols must be generated either
from existing sources or by creating new symbélmally, the candidates must be
evaluated to determine the most appropriate syfobahe referent based on empirical
determinations of communicative effectiveness (3p2004).

Several voluntary standards exist, both Americahiaternational, which
propose non-binding guidelines for the developneéisiafety symbols for use on product
labels, in product manuals, in industrial workpkme@d in public areas (ANSI, 2007a,

2007b, 2007c; 1SO, 2002, 2004, 2006, 2007, 2008kse guidelines set some
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presentation criteria for color, shape, font saa® component orientation, and they have
grown more harmonious over the past two decadegg®@e006). However, differences
remain between ANSI and ISO standards. For examN&I Z535 encourages warning
designers to include four hazard aspects: seriegshazard type, hazard consequences,
and avoidance actions. Because European warniagbeviewed by recipients
speaking as many as 16 different languages, the888a standard adopted a text
optional convention (Deppa, 2006). In most casely, one of the four aspects of the
hazard can be portrayed by a given symbol, whicans¢hat ISO style warnings may
differ in both appearance and function from ANSkmmags. ANSI Z535.4 (2007c¢) also
specifies the use of either a two- or three-pammhét with separate panels that include a

signal word panel (e.g. “Danger”), and either asage panel, a symbol panel or both.

More recent ISO 3864.2 revisions have incorpor#tieduse of optional message

Eaposed moving parls can
Causd Sovera injury

LOCK OUT POWER hafars
apening or remaving guard

Nal a slap Exposed moving
D-ﬂ[ib LEll CaUEE
severe II'IJHF:I'

LOCHK aUuT POWER
hafara apaning ar
remaving guard

Mol a step

Figure L ANSI Z535.4 format with three panels, horizorgatl vertical versions
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Figure 2 ISO 3846-2 format with multiple symbols, horitalnand vertical versions.

and signal word panels to communicate more tharhamard aspect, although multiple
symbols may also be used for this purpose. Adwhlibarmonization efforts have
occurred between ANSI Z535.3 and ISO 3846-3 toidesynchronized guidance for
symbol design criteria such as the use of reprasenal rather than abstract symbols
and solid graphical representations of the humaly ANSI, 2007a; 1ISO, 2006).
Figures 1 and 2 provide an example of ANSI Z535d O 3684-1 formats,

respectively.

While the ANSI Z535 and ISO 3864 and 9186 famibéstandards offer
guidance for the appearance and function of warsigigs and labels including the use of
symbols, there is little guidance provided on hovptoduce symbols for use in these
warnings. Although ANSI Z535.3 includes a flow dhfar the design of a symbol, the

only guidance regarding how to proceed friStap 1 — Identify Need for SymboStep
13



2-Select Candidate Symbols to Tdsites that it should involve “Decisions based on
graphic design principles and analysis of userdi$f 2007a). Unfortunately, this
offers little advice to symbol designers. Therefohe methodologies for the production
of warning symbols have developed primarily outofiehese standardization
organizations. Most researchers recognize twojrasdme cases three, primary
techniques for producing the graphical symbols use@fety warnings (Dorris, 2004;
Green, 1993; Macbeth et al., 2000; Macbeth, Morp&eBiers, 2006; Pettendorfer &
Mont'alvao, 2006). The most traditional, and stililely used, method of developing
symbols is also the least complex. In this metlaogkaphic artist interprets the
verbalized wishes of the designers to create afsstmbol candidates. Sometimes these
symbol sets are tested for comprehension; sometimgsare put directly into practice
without evaluating their communicative effectiven¢Ringseis & Caird, 1995; Roberts
et al., 2009). In order to improve the symbol gesjuality, features may be built
gradually and tested at each stage (Dewar, 1998i9)8004). Whether tested or not,
this method is often iterative (Zwaga & Mijksena2®00) with symbols passed between
designers, artists and test subjects multiple tiosésre a symbol is finalized
(Wisniewski, Isaacson, & Hall, 2007). In this digstion, this method will be referred to
as theDesigner Method

Another method of developing symbols actually résrthe participation of
potential users of the symbols in their designisfhethod, pioneered in the automobile
and defense industries for icon design, includeigty symbols (Green, 1993; Howell &
Fuchs, 1968; Karsh & Mudd, 1962; Mudd & Karsh, 1964 known as th€roduction

Method In the production method, a sample of participaievelops simple sketches of
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symbols individually from scratch. Rather than sigenbol designers communicating
their wishes and ideas to a graphic artist, thistanstead analyzes the drawings created
by the participants. It is the responsibility bétartist to consolidate the themes found
among the symbol drawings to create a final symbalymbols from those themes.
Green (1993) presents a thorough review of they eskrs of the production method,
including actual line drawings produced in previsugdies (Green, 1979; J. R. Sayer &
Green, 1988). The production method has evolved time to include many variants
(Dorris et al., 2004; Goldsworthy & Kaplan, 2006:e@n, 1993; Ringseis & Caird,
1995), which offer innovate new ways to make ustefunique design contributions of
potential warning recipients. This method utilipesticipatory design, a design strategy
that suggests the involvement of potential useesmoduct or system in its design will
produce a product or system more suited to itsded user (Schuler & Namioka, 1993).
Sloan and Eshelman (1981) empirically compared sysntroduce by the production
method to those produced by the designer methael dlatermined that the symbols
produced under the production method performecebegttevery case, and that the use of
participatory design in the development of warrsggibols appeared to contribute
significant benefit.

While many methodological variants may fall under production method
(Green, 1993; Pettendorfer & Mont'alvao, 2006; Reig & Caird, 1995), some symbol
designers have suggested that a distinct new méid@®emerged from the production
method referred to as tfk@®cus Groupmethod. In this method, rather than drawing
symbols individually and passing them directly tgraphic artist, participants are

organized into small focus groups where their dngwdesigns are revealed and discussed
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(Dorris, 2004; Goldsworthy & Kaplan, 2006; Macbé&tMoroney, 1994; Macbeth et al.,
2000, 2006; Mayhorn & Goldsworthy, 2007). Basedlos discussion, a consensus
symbol design is produced within the focus grouphgyparticipants themselves. In this
way, the group synthesizes the themes of the vapatticipants into a consensus
drawing with real-time input from the original dgsers of the candidate symbols and
without interference from designers. In this papi@s variant of the production method
is referred to separately as thecus Group Methad

The proponents of the focus group method suggasittremoves from the
graphic artist the responsibility of interpretitgetthematic desires of the participants,
instead placing that responsibility with the pap@nts themselves (Macbeth & Moroney,
1994). The graphic artist is called upon onlyleano up and professionalize the drawings
produced from the focus group (Dorris, 2004). Singman factors engineers and
designers have found participatory design to predetter products, more suited to the
needs and preferences of their potential users dDel®99), one might hypothesize that
the focus group method may produce the most eflestymbols since this method
allows its participants the most input and contnggr the design process.

Some empirical research supports this expectatibacbeth et al. (2000) report
that the focus group method proved superior tgteuction method for developing
aircraft maintenance symbols using active airaradtntainers as participants. They
noted that the symbols designed in the focus graugue preferred by the evaluation
participants and that the production process tagkfscantly less real time using the
focus group method. However, Dorris (2004) obsethan in actual person-hours, the

focus group method took far greater number of hthaa did the production method.
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Pettendorfer and Mont’alvao (2006) combined aspefctise focus group and production
methods and reported qualitative improvements batvilee symbols produced under the
production method with the consensus symbols dedignfocus groups. However, the
authors made no direct comparison between compsederpreference, or production
time between the two methods.

The focus group method of symbol production faee®sal challenges found in
many focus groups which can impede the abilityhefgroup to perform its task. Some
of these challenges, such as culture and languagets, variations in prior experience
and topic familiarity and conflicting personalityits, seem particularly relevant to the
development of warning symbols because the consegqaef suppressed or unilateral
design ideas could lead to poorly designed symiimsris, 2004; Easton, Easton, &
Belch, 2003; Garmer, Ylven, & Karlsson, 2004; H&00; Klein, Tellefsen, &
Herskovitz, 2007; Newby, Soutar, & Watson, 2003g8ney, Soutar, Hausknecht,
Dallin, & Johnson, 1997). The current study rafiés to overcome these challenges by

introducing a distributed interactive genetic altfon for symbol development.

Evaluating Symbols

The incorporation of high quality symbols into $gferarnings has many benefits
(Friedmann, 1988; Wogalter et al., 2006), while ukiBzation of poor quality symbols
can be detrimental to the comprehension of andespent compliance with the warning
(Dorris, 2004; Huer, 2000). Though a large peragatof the warning symbol research
has concentrated on the determination of adeqyatbd performance and the

characteristics that produce it, an unusually speitentage of this research involves
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real-world field studies (Dejoy, Cameron, & Del#06). ANSI Z535.3 (2007a) and
ISO 9186-1 (2007) each specify testing procedunesp@rformance criteria which must
be met in order to determine that a symbol perfon@k. For example, ANSI proposes
an 85% passing rate in open-ended comprehensiomgté®m a test sample of at least
50 participants well representative of the intendgers. 1SO proposes a similar testing
technique, but with a 67% score required to padsb@rparticipants from each of three
culturally diverse countries. Both standards ingiat symbols have less than 5% critical
confusion from the open-ended testing. Criticaifasion occurs, according to Wogalter
et al. (2006), when someone misinterprets the ngessba symbol as encouraging an
unsafe behavior that may lead to an injury or witkenindividual interprets the opposite
of the intended meaning. Common means of deligesppen-ended comprehension tests
include the presentation of the symbol in eithattem or pictorial context with two
guestions are asked of the participant: “Exactiytrdo you think this symbol means?”
and “What action would you take in response to $gimbol.?”. ANSI (2007a)
recommends binary judging criteria of correct aoimect, while ISO proposes a
weighted scale of correctness (2007).

The open-ended comprehension test has been recatadchas the gold standard
for evaluating symbol designs (Hicks, Bell, & Waga) 2003). However, due to its
expense and difficulty, other means of evaluatymglsols have been proposed. To
reduce the size of the symbol set for final testargintermediate step of comprehension
estimation, or comprehensibility judgment, is déssxut by both ANSI Z535.3 (2007a)
and ISO 9186-1 (2007). In this test, participamtsprovided both the symbol and its

meaning and are asked to estimate the percentdabe pbpulation that would
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understand the symbol. Once again, at least Serey@lesentative participants are
needed for the ANSI method, while 50 participantsf each of three culturally diverse
countries are needed for the ISO method. Youngvdogalter (2001) report on several
studies of this evaluative test, which they calpylation estimation, noting that its results
were found to correlate highly to the results ofim@nded comprehension testing.
However, Wolff (1995) observes that another commaduation test, the multiple
choice test, has proven to depend heavily on thdtywf the distracters in identifying
symbols that were judged as poor by other methadsch (2005) notes that true
comprehension is often underestimated by open-etedtidg, creating a type | error, and
overestimated by multiple choice, creating a typerror. She introduces semantic
relatedness testing as one that is highly cortlime@ther high performing evaluations,
but that avoids some of the overestimation and rastienation common in other tests.
This evaluation mode is similar to a true-false ieshat a symbol is paired with a label
that may or may not be representative of its meanlisers must determine whether or
not it is accurately described by the label (Le&€IQ)5). This research will rely heavily
upon comprehension estimation to identify the feyahbol designs since many design
candidates will be considered for the same refer@amprehension estimations can be
made for multiple symbol variants from the sameneit by the same participant,
whereas open-ended comprehension testing cannot.

In addition to the manner of determining symbokefiveness, several factors
affecting warning comprehension and compliance loeen identified by empirical
research. Along with 39 warning-related factorsg&s et al. (2000) identified 19

personal factors affecting warning efficacy. Hoeethis dissertation will consider only
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those aspects of symbol design which contribueffectiveness. Rogers et al. (2000)
lump together most symbol-related factors intonglsi term they cakymbology In a
similar summary, Laughery and Wogalter (2006) alsfine a singlgictorial factor to
represent the effect of symbols on warning effertass. However, other researchers
have identified several symbol characteristicswtdriest to this discussion. McDougall,
Curry and de Bruijn (1999) identified and evaludfied symbol-related factors,
normalizing and measuring each factor for a s@B38f symbols.Concretenesghe

degree to which a symbol pictorially matches a@erplace or object, was found to
positively influence usability for inexperienceceus, but this effect waned over time as
users gained experience (Isherwood, McDougall,& ®urry, 2007; McDougall, de
Bruijn, & Curry, 2000). Visual complexitythe amount of intricacy or detail in the
symbol, may affect the amount of time needed tatileand interpret a symbol, thereby
reducing its effectiveness for short term expos(@sDougall et al., 2000) Familiarity
refers to both the frequency of exposure to thebsfras well as to the objects or
situation it depicts (Isherwood et al., 200Bemantic distan¢er the closeness of a
symbol’s image to its intended function, has besmently proposed as a major
contributor to effectiveness (McDougall et al., 29%lthough more research is needed
(Isherwood et al., 2007). Hicks et al. (2003) msgan additional factor referred to as
ease of visualizatigrwhich measures the ease in which the symbol'sagescan be
visualized. This is an important concept in thad the only factor on the list that is
independent of the actual symbol design. Thiglsvant to the current study because it
affects the development of symbols, not just teealuation. The symbol design process

begins with a message, or referent (Dorris, 2004, it must be visualized before it can
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be converted into a symbol. However, visualizingf@rent and producing a symbol
from it are not the same task, so the ease to whsthalization is possible does not

necessarily predict the ease of producing a syfapdhe referent.

I nter active Evolutionary Computation

The process of design has long been the domairsaptine experts who use
experience and creativity to propose new producsystems (Dorris, 2004). However,
with advancements in computational power and edifintelligence, technology can
now play a significant role in the design proceSsnceptualizing any design problem as
a search space with an optimal solution to knowankmown objective functions allows
the usage of meta-heuristic search algorithmsdistasuman designers with especially
difficult problems (Roy, Hinduja, & Teti, 2008). Blutionary computation (EC) refers to
a collection of meta-heuristics that solves complptimization problems by utilizing
principles of biological evolution to evolve probiesolutions in large solution spaces
(Dreo, Petrowsdki, Siarry, & Taillard, 2003; ReeX&ehler, 2006). Takagi (2001)
considers these meta-heuristics to be part of @éaily: Genetic algorithms (GA),
Evolutionary Programming (EP), evolutionary stragsdES) and genetic programming
(GP). However, other researchers may considetiaddi meta-heuristics, such as Ant
Colony Search or Particle Swarm Optimization, teetelutionary computation because
of their analogy to biological systems.

Recently, EC has been applied to human factorsafety problems such as
avoiding pilot error (Chouraqui & Doniat, 2003)tiasating chemical exposures

(Johnston, Phillips, Esmen, & Hall, 2005; Nomermn$ere, Pey, & Alvarez, 2003;
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Northage, 2005), detecting sensor faults (Klima&ekulc, 2004, 2005; Lo, Wong, &
Rad, 2006), and predicting crowd dynamics (Gaged#l., 2006; Langston, Masling, &
Asmar, 2006; Muhdi et al., 2006). These desigil@ms may involve single or multiple
objective functions which are known or unknown, &uay et al. (2008) discusses many
of the current design challenges facing meta-hecieptimization today. In each of the
cases above, the objective to be maximized or neidhcould be defined
mathematically. However, some design problems nigfergely, or even entirely, on the
perception of humans (Dorris, 2004).

Interactive evolutionary computation (IEC) allowachine and human to work
together to optimize a problem or design a solutiBarmee, Abraham and Machwe
(2008) suggest that IEC is particularly suitedxplering open-ended concepts in design
because the high level of human/machine interadionulates creativity and innovation.
Takagi (2001) reports that IEC has been used tigi@susic, hearing aids, clothing and
animation, among others. He notes the superiofitizC, rather than formulae defined
by statistical regression, to search designs fochwhuman perception or understanding
is valuable. Carnahan and Dorris (2004) wereitisetb apply this technique to the
design of safety warnings when they developed &hdegsign tool to allow both English
and Spanish-speaking sawmill workers to produck tven graphic symbols for two
warning referents. Interactive evolutionary congpion, specifically an interactive
genetic algorithm, was a good design addition éosymbol design process because of its
iterative nature observed by Wolff (1995). Whihe iterative nature of symbol design
may improve the symbol quality (Zwaga & Mijksena2®00), repetitive searches of the

same search space are more well-suited to mactiaergo humans (Sanders &
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McCormick, 1993). While these users had no preveyserience designing hazard
communication, Dorris (2004) was able to demonstiiadt their individually-created
symbol designs were statistically equivalent innegted comprehension to symbols
currently in use in industry.

Roy et al. (2008) states that many current desighlpms, such as complex
mechanical systems, are complex enough that aditEC algorithms cannot
effectively solve them. A technique known as disited evolutionary computation,
which makes use of multiple processors in paréti@valuate solutions (Rupela &
Dozier, 2002), has provided substantial improveneisome of these iterative and
complex design problems. This technique was agptidEC by Dozier, Carnahan,
Seals, Kuntz and Fu. (2005a; 2005b), which involbexdevolution of design solutions
using input from multiple participants simultanelgusTheir experiment allowed 14
participants to design emoticons in parallel, conmgathem to emoticons designed by
individual users. The process uses an interadisteébuted evolutionary algorithm
(IDEA) to evolve solutions of multiple clients (earticipants) by using the judgment of
one participant to affect newly proposed solutitmsther participants. The IDEA is
“distributed” because, rather than allowing onlgegies of individual participants to
interact with the algorithm and evolve their owtusion, many participants may interact
in parallel, sharing information through the al¢fam. This allows the IDEA to converge
to single solutions that have incorporated multgdeticipants’ judgments (Dozier et al.,
2005a; Dozier et al., 2005b).

Essentially, adding a distributed element to thevimus IEC design of safety

symbols so that participants could design symbofsarallel would be analogous to
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Macbeth and Moroney (1994) adding the focus grdement to the production method.
In each case, a design process existed that dolyed participants to develop symbol
designs one at a time, with no interaction or sharrmation between other
participants. Just as the focus group method mexdimore effective symbols in parallel
than the serialized production method (MacbetH.eR@00), it is anticipated that
distributed interactive evolutionary computatios,aaparallel search process, will
produce the highest quality results. Thus, théselitation explores the use of distributed
IEC, specifically a distributed interactive genetlgorithm (DIGA), to replace the

conceptual design focus group used in the focuspgneethod..

Semantic Annotation and Clustering

One limitation of the previous research performgdbrris (2004) is that the
nature of search space provided to the IEC waselgfby the investigators. While many
have acknowledged the drawbacks associated witlhctey) the symbol design process
to factors predetermined by designers (Dorris, 20@Wvse & Ehlers, 2001; Huer, 2000;
Smith-Jackson & Wogalter, 2007), it is understamelabthis case since it is not practical
to produce an IEC which draws on a blank canvaearches an unbounded search
space. The algorithm must have design variables which to search and construct
solutions. In the case of Dorris (2004), thesegegariables took the form of an
encoded vector of numerical angles and lengthstwivere converted to a graphical
representation of a symbol when presented to the ughe determination of which
variables to make available and their upper anettdvounds provided boundaries to the

IEC search space, and these decisions were magidylan the basis of previously
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published symbol designs (Carnahan & Dorris, 2004)e implication to the participant
of this encoding structure is that he or she istéichin his or her design to various
combinations and permutations of the componenésdir chosen by the investigators (in
this case, to those found in the previously prefizdesign).

Participatory design strategies encourage the udesign participants in all
feasible stages of the design process. Therafaleding participants in the
determination of the design variables to be searblyehe IEC represents an
improvement in user participation in the designcess. However, graphical symbols,
even simple ones, represent complex pieces of(@ataeiro, Chan, Moreno, &
Vasconcelos, 2007) for which the development ofgiteparameters is not a simple task.
Semantic annotation is a process which assign#afizag attributes (i.e. descriptive
terms) to complex pieces of information such asudwnts, music or photographs which
often require a human to interpret (Carneiro & \Gamelos, 2004; Turnbull, Liu,
Barringon, & Lanckrie, 2007; Vasconcelos & Lippma000a, 2000b). Semantic
annotation has primarily been used to label infaiomain a database for later search and
retrieval (e.g. tagging photographs). However,ghalitative aspects of symbols (Wolff,
1995) combined with the need for the identificatodrdesign parameters to produce them
with an IEC make the symbol design process anastigrg opportunity for semantic
annotation.

Hancock, Rogers, Schroeder and Fisk (2004) haeadrpioneered the use of
participants to gather semantic phrases (i.e. @iak attributes) related to symbols,
though they used them to evaluate symbol effecisemather than to design symbols.

Piper, Boelhouwer and Davis (2008) used an ex@arélto attribute semantic terms to
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warning symbols in order to determine those symbmast salient characteristics. They
then developed a matrix of row vectors each repteseone symbol in the design pool
and containing the presence or absence of eaahededittribute. By replicating this
method in the current study, this research aintetelop semantic annotations of
symbol drawings in order to determine the most @lenwt and interesting design criteria
offered by those symbol sketches. From this infdrom, the design variables for the
proposed distributed interactive genetic algori(dGA) can be determined based on
participant design input rather than on designexperiences or preferences.

Piper et al. (2008) reported the identificatiorabfeast 19, and as many as 27,
design variables for each of the three symbol eefisrinvestigated in that study from
only 38 symbol drawings available for each referdntDorris (2004), one symbol
referent had only 16 variables, yet it still prodd@ search space of size 3.1 10
Thus, even with reduced resolution among the vesalt will quickly become necessary
to reduce the size of the search space consideedpgcially since fatigue among IEC
users can set in quickly (Takagi, 2001). By transing symbol sketches to an attribute
matrix, as previously performed by Piper et al.0&0 the most primary design variables
can be identified, and the remainder of variabdeiced, through clustering.

It may at first seem counterintuitive or even retamt to use human subjective
judgment to create data points and then systenigitagaply a formal clustering
algorithm. However, Aggarwal (2004) suggests tbahigh-dimensional data that are
inherently sparse in their solution space, a coatimn of human intuition and
computerized clustering is the most optimal metbbidentifying data clusters. In the

proposed procedure, the human panelists act asethtation agents, greatly reducing

26



the complexity of the data from millions of pixétsa simple one dimensional row of
integers. Then, the clustering algorithm redubessearch space further by eliminating
columns in the matrix which do not contribute te ttlustering of the data.

Many clustering algorithms exist for grouping dati®@ thematic families (Anil &
Richard, 1988; H. M. Chan & Milner, 1981; Choi & &ig Hyo, 1993; Holman,
Carnahan, & Thomas, 2006), and Frias-MartineznCNeacredie, & Liu (2007)
reviewed numerous studies using various clusteriathods to group human factors
data. K-means clustering is a relatively simplestdring technique that initially
identifies a user-specifiddrandom cluster centroids in the search space ssigres each
solution to the nearest centroid. After assignimiet centroids are recalculated and the
process repeats until a residual sum of square fmotion converges to a minimum
value (Manning, Raghavan, & Schutze, 2008). Hahiaal clustering establishes a
hierarchy or tree of clusters rather than a sitayler. While a solution may only belong
to one cluster in the same layer, higher ordertetgsusually contain two or more clusters
of the next lower order, and so forth. Thus, aisoh cannot be defined by its
membership in a single cluster (Frias-Martinezl e2807). Fuzzy clustering, which
includes the widely used Fuzzy C-means (FCM) teqmi defines a fuzzy membership
of each solution for each cluster in C. Centr@idsrecalculated based upon the fuzzy
membership set, and the cluster or clusters tolwéisolution most belongs when the
algorithm converges to a minimum value dependinguser-specified fuzzifier
parameterm (Bezdek, 1981). Finally, Frias-Martinez et al. @ZDintroduces a novel

method, robust clustering, which incorporates thstering strategies of all three of the
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previous techniques, but only reports the clusgerasults when all three methods are in
consensus.

For this research, a simple K-means algorithm wgzsl from the Weka Data
Mining Software suite (Hall et al., 2009) becauss simple to implement, is capable of
handling a discrete data set and can report siogsigoids of the multivariate symbol
data which will be assumed to represent the mdisinsaymbol attributes. As noted, the
Weka simple K-means algorithm does require a pezaehed number of clusters as an
input into the algorithm. This cluster number, linde heuristically determined,
however, by following a process described by MagniRaghavan, and Schutze (2008).
In this method, several clustering runs, each different initialization points, are
generated at each for each value in a range dy liks. The actual number of clusters,
K, is identified by plotting the residual sum olusges as a function of K and determining
the value of K at which the curve’s successive e@ses become noticeably smaller.
From the primary symbol attributes that can beftified using a semantic annotation and
clustering process, the design variables and bogrttiteria for the distributed

interactive genetic algorithm (DIGA) can be ideetf (Roy et al., 2008).

Limitations of the Existing Resear ch
Three primary limitations have been identifiedhe review of the existing
literature. These limitations are reported in #@stion, and they are highlighted again in

the manuscript chapters whose hypotheses addiess limitations.
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Lack of means to determine the ease of convertingferent to a symbol

Many factors have been identified to qualify amoeuetify warning symbols
(Isherwood et al., 2007), and some of them have beewn to affect warning
effectiveness (McDougall et al., 2000). While treésearch aims to develop and test a
novel approach to symbol production, there is aulyeno direct means to identify sets
of easy or difficult referents from which symbobncbe developed. There are factors
that attempt to evaluate a symbol’s relationshipstoeferent (Hicks et al., 2003), but
none attempt to determine which referents will besidered “easy” or “difficult” to turn
into symbols. A specific aim of this researchagletermine if referents can be

distinguished based on their ease of conversion fiederent to symbol.

Lack of participatory design in symbol production

Huer (2000) suggests that user participation mksyl production remains almost
exclusively in evaluation of symbols rather thambygl development. Though some
studies have recognized the need for meaningfticgzatory design (Dorris, 2004),
there is still room for greater implementation lastdesign strategy. Previous research
on the development of an interactive evolutionamnputation design tool for symbol
production using representative users made striesrds this goal, but there remains a
gap between the current literature and completiécpzatory design in warning symbol
development. This aim of this research is to natas gap by involving participants in
defining the design variables used to create thechealgorithm within the distributed
interactive genetic algorithm. In this way, mariyhe restrictions placed on participants

by the designers will be lifted in place of desayiteria set by participants themselves.
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Lack of IEC to model focus group method

The production method of symbol development (Gr&883) is essentially a
serial process where participants contribute tald#sdgn in isolation, never interacting
with other designers or seeing the final desigbetris et al. (2004) used a similar
technique with added interactive evolutionary cotapan to assist the individual in
developing their design. The focus group methoddth & Moroney, 1994) enhances
the production method by allowing parallel interactbetween users as they produce
their symbols. A similar construct within IEC etsisknown as distributed IEC (Rupela
& Dozier, 2002), which allows for parallel searclasl evaluations while working
towards the same final solution. However, as lyetd has been no attempt to model the
focus group method using distributed IEC. This aesle aims to develop and test a
distributed interactive genetic algorithm modeléérathe focus group method to allow
participants to produce symbol designs in paralt@le sharing information and working

towards a final design solution.
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CHAPTER 3
DETERMINING A RANKED ORDER OF WARNING REFERENTSBY EASE
OF CONVERSION FROM WRITTEN REFERENTSTO GRAPHICAL

SYMBOLS

Introduction

According to Dorris (2004), the first step in poathg a graphical warning
symbol is to determine the referent safety mestta®eymbol should portray. Similarly,
when testing a new method of symbol development,imhportant to carefully select the
referents on which the design method will be evalda A robust design method should
be able to produce high quality symbols from wagnieferents that are both easy and
difficult to convert into graphical symbols. Howeayit is rare in the literature to find
such a factor of association between referentsgmdbols. The relationship of a symbol
to its referent, such as its concreteness or iteséc distance, has been used in many
studies to predict or test symbol communicativeaff’eness once a symbol has been
generated (Isherwood, McDougall, J.P, & Curry, 2087J. McDougall, Curry, & de
Bruijn, 1999; S. J. P. McDougall, de Bruijn, & Cyr2000; Young & Wogalter, 2001).
It is conceivable in some instances there may existationship between the referent’s
difficulty of conversion from text to graphical syl and the developed symbol’'s
effectiveness in communicating its message. Howexaluating an existing symbol’s

effectiveness, while important, is certainly veiffetent than determining how difficult
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it might be to generate a new symbol from an odabreferent. In fact, only one study
was found that sought to characterize symbols bdfary were generated, while in the
written referent stage. Still with the goal of gicting symbol effectiveness rather than
categorizing referent difficulty, Hicks, Bell anddgalter (2003) defined the concept of
“ease of visualization” as a scale of perceptiompbiential users regarding the ease of
imagining or visualizing the concept portrayed byeferent message. The study
compared survey responses for 50 referents’ pexdezase of visualization and
perceived concreteness, among other factors, ardwieed that ease of visualization
correlated most highly with open-ended comprehentgsting of the symbols produced
from those referents. The authors recommendeds@iuboth ease of visualization and
concreteness perceptions as screening tools praymbol production to identify those
symbols which may prove difficult to produce.

Ease of visualization, as used by Hicks et al. 808 not the same concept as
ease of conversion from referent to symbol, whictigfined in the current research. The
previous study instructed survey respondents tothagir ease of visualizing or imagining
the referent message itself (e.g. “radioactive™stippery surface”), whereas the current
study focused on soliciting user perceptions ofgase of portraying a referent as a
graphical symbol. A few studies have consideredcttincept that there may be aspects
of certain referents that make them more diffitolconvert to a symbol (Hicks et al.,
2003; Mayhorn & Goldsworthy, 2007; McDougall et &000). However, those authors
only determined that certain abstract or complencepts (e.g. the passage of time or

conditional states) are considered difficult totpry pictorially. None of these studies
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attempted to assign a specific difficulty levebtparticular symbol referent or to sort or
rank a list of referents by their ease of symbaivarsion, as the current study aims to do.
The purpose of the current research is to sost afiwritten warning referents by
their ease of conversion from referent to symtiy.selecting referents from this list,
warning symbol design methods can be evaluateéfenents that vary substantially in
their relative perceived difficulty. In this wagpmparisons of the quality of symbols
produced by a one method over another will bellksk to be biased by the arbitrary
selection of arasyor difficult referent. In other words, when testing a new 9imb
production method, selecting test referents froelit that are dissimilarly ranked can

help ensure that the method is robust.

M ethods
Objective and Hypotheses

The objective of this experiment is to sort adistvritten warning referents by
their relative ease of conversion from written refe to graphical symbol based on the
perceptions of potential symbol users of varie@tyagéxperience. The hypotheses of the
experiment are:
Hypothesis 1:There is no significant difference between the maaks of the perceived

ease of conversion from referent to symbol of anye nine warning referents.

Ho: HMreferent 1= MU referent 2= +..= Ureferent 9

Hl: ,Ureferent 17é ,Ureferent 20r ,Ureferent 1# ,Ureferent 20r ...0r ,Ureferent 8# ,Ureferent 9
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Hypothesis 2:There is no significant association between tn&ed order of referents
made by university students, by uncertified safgtfessionals, and by certified safety

professionals.
Ho: T all-undergraduates— 7 all-uncertified = 7 all-certified = T undergraduates-uncertified

= Tundergraduates-certifie® I uncertified-certified= O
Hq: T all-undergraduatest O OF T all.uncertified 7 O OF T all-certified # O OF

T undergraduates-uncertified O OF' T undergraduates-certified O OF' T uncertified-certified? O
Experimental Design

In order to test these hypotheses, a randomizddnted, 50% incomplete block
experiment (Figure 3) was designed with the levsignificance ¢) set at 0.05. The
independent variables were warning refer&lg Access for Persons with Metallic
Implants Warning: Flooring Surface Change8o Not Touch with Wet Hands, Confined
Space— Entry by Permit OniSteel-toed Shoes Requir&tb Reaching InDisconnect

Main Plug from Electrical OutletHot ExhaustWalk Down Stairs Backwarfland safety

©CoO~NO O WNPRE

Figure 3 A reciprocal table for a nine-treatment balancedmplete block experiment.
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professional statusiGcertified university studentsncertified safety professionaBCSP
certified safety professionaléBCSP, 2009). The response variable was relatink of
perceived ease of conversion from referent to symmaasured by pairwise comparison.
Figure 3 illustrates the balanced, incomplete bldekign used in this experiment.
Subjects

A volunteer sample of 174 participants was reerutb participate in the study,
out of which 145 participants completed the protodawenty-nine participants were
omitted from these results because they terminadeticipation prior to completion of
the study. Participants were recruited in thregtat The uncertified university student
stratum (55 participants) was recruited by emaiitation to Auburn University’s student
population using the Department of Industrial agdt&ms Engineering undergraduate
and graduate student email lists. The uncertdefety professional (44 participants) and
certified safety professional strata (which incleidé® participants holding either the
Associate or Certified Safety Professional designatwere recruited using email
invitations to the membership of the American Styces Safety Engineers Region IV
chapters. Participants were invited to read amenhformation letter approved by the
Auburn University Institutional Review Board (IRBjior to participation in the study.
Participation was anonymous, with no directly idiatle information collected from
any of the participants. Thus, all information dise stratify the participants was self-
reported and not subject to verification by thesistigators.
Experimental Instrument

An online survey was designed and revised thrahgde pilot trials involving 46,

56 and 119 participants, respectively. A limitedidation experiment (the equivalent of
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3 blocks) was also conducted on the pilot resolesstimate whether the survey results
describing the expected perception of ease of gsiorecorresponded to the perceptions
of actual symbol designers producing symbols fos¢ghsame referents. The validation
results, though limited, provided positive evidetitat the referent rank order of ease of
conversion after symbol production was similartte tank order estimated by the survey
participants beforehand. The survey was admirdtelectronically by
SurveyMonkey.com as a series of 18 pairwise corapasi (see Appendix 3.3 for a
sample comparison set) in which participants coexgbéine first listed referent message
to the second by selecting one of these threemgtib The first referent is more difficult
to draw, 2) The two messages are equally diffitutiraw, 3) The second referent is
more difficult to draw.

The nine warning referents ranked by the survefiqi@ants were chosen to meet
three criteria. First, three referents were chdsan each of the following types of
warning: prohibited actions, mandatory actions, aazard warnings (1ISO, 2004).
Second, referents were selected from a varietyofipational safety topical areas.
Finally, referents were needed both which alreaaty $ymbols available from ANSI or
ISO and which did not have archived symbols av&lafihe nine referents selected for
the survey are shown in Table 1. Each referentpaaed randomly with four other
referents according to the randomized, incompl&iekdesign (i.e. the non-shaded cells
in Figure 3). Additionally, referents were randgraksigned as first or second member
of each comparison pair. A complete copy of theeyinstrument is found in Appendix

3.1.
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Table 1

Referents used in the ease of conversion survey

29CFR1910 ISO 7010
Referent Referent Type Subpart & Topic’ Referent
No Access for Persons with b 1 uived Action G - Nonionizing Radiation PO14
Metallic Implants
No Reaching In Prohibited Action O - Machine Guarding P0O15
Do Not Touch with Wet Prohibited Action H - Hazardous Materials *
Hands
Walk Down Stairs Mandatory Action D - Walking-Working Surfaces N/A
Backwards
Steel-toed Shoes Required  Mandatory Action I-PPE M008
Disconnect Main Plug from ; i .
Electrical Outlet Mandatory Action S - Electrical MO006
Hot Exhaust Hazard Warning L - Fire Prevention N/A
Waming: Flooring Surface Hazard Warning D - Walking-Working Surfaces N/A
Changes
Confined Sp_ace; Entry by Hazard Warning J - Confined Spaces N/A
Permit Only

* “Do not touch with wet hands” is not listed in ISOI0, but ISO 3864-2 does provide a symbol for this
referent as an example.

29 CFR 1910 includes the Occupational Safety and Health Astraiion (OSHA) regulations for
general industry. These regulations are divided into stdpa- T & Z by safety topic.

Protocol

Participants were invited via email through groogmbership lists to navigate to
a secure link at SurveyMonkey.com. Upon entry th®electronic survey, participants
reviewed the study information letter (Appendix)3.Participants who wished to
continue provided basic demographic and profeskiaof@mation to verify their
membership in one of the three experimental steatd,instructions were presented.

Participants then reviewed written referents alaty brief descriptions of the
hazards involved, why such warning informatiommportant in an occupational setting,
and how a symbol portraying this information migbtused. Since it might be difficult

to articulate an absolute measurement of the ditfieof producing a symbol without
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actually doing so, participants were simply asleddtimate which of a pair of referents
would be the more difficult from which to draw anglyol. Specifically, participants were
prompted to select one of the referents as the difireult to draw or to indicate that the
two referents were equally difficult to convertdgmbols. After evaluating each pair of
referents, the users moved to a new page in thveguvhich presented a new referent
pair for comparison using the same survey procEgghteen pairs of comparisons were
evaluated in this manner by each user. Each wniggerent was repeated four times
within the survey, but two referents were pairegetber more than once. Of the 36
possible pairs of the nine referents, one halfgdi@s) were evaluated directly by each
participant according to the balanced incompletelbdesign.

A modified analytical hierarchy process (AHP) waegd to generate a ranked
order of referent difficulty from the experimentabults (Chen & Pu, 2004; Duke &
Aull-Hyde, 2002; Fielding, Riley, & Oyejola, 199Benton, 2007; Saaty, 1986;
Teknomo, 2006; Zio, 1996), including a modificatiminthe AHP for incomplete designs
based on Kirkwood and Sarin’s (1985) method. Adicay to this procedure, for each
participant’s pairwise responses, a value of Sssgaed to the “more difficult” referent
while a reciprocal value of 1/5 is assigned to“thss difficult” referent. In the case of
an equally difficult pair of referents, values oarke assigned to each referent, and a value
of 1 is always assigned to the diagonal in theltiegureciprocal table. Using this
numerical encoding system, the reciprocal tableveha Figure 3 can be completed for
each participant, and from that table, the parictjs rank order can be produced by
simply summing the table rows. The highest sumives a rank of 1, while the lowest

sum receives a rank of 9. Referents with equalsoms receive an average of their rank
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positions (e.g. if two referents each have the ésgjinow sum, then they each receive a
rank of 1.5, which is the average of ranks 1 andi2)his manner, each participant

indirectly produces a ranked order of all nine rexfgs.

Results

Using AHP, ranked orders of the nine referentseeafsconversion were
produced from the survey results for each of the dakticipants, and this ranked data is
found in Appendix 3.3. No assumptions regardirgdistribution of this ranked data
were made, and therefore non-parametric statidesés were used to test the hypotheses.
For Hypothesis 1, a Friedman’s test was used tgeoethe mean ranks of each of the
nine referents first across all 145 participaritentby the three individual strata. For
each of these tests, the response variable wasthankeatment variable was referent,
the blocking variable was participant, and thereen®degrees of freedom. ét= 0.05,
the Q statistic for all participants, adjustedties, exceedz’s (338.54 > 15.51), which
implies that a significant difference (p < 0.00%)s¢s between at least two of the mean
referent ranks. To determine which ranks diffesigphificantly from one another, the
post-hoc multiple comparisons test described bynGeer (1999) and Bortz, Lienert and
Boehnke (2000) was conducted (see Table 2 fortssufror 32 of the 36 referent pairs,
the difference in mean ranks exceeded the criticalue (0.523), which indicates that
these referents differed significantly in rank frome another. Only referents E, F and G
and referents G and H (highlighted in Table 2) had-significant differences in rank
from one another, as indicated by the horizontedidrawn above the statistically similar

referents.
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Table 2

Post-hoc analysis results for All 145 participactijcal value = 0.523.

Referent A B C D E F G H |
A. No Access for Persons with Metallic Implants X
B. Do Not Touch with Wet Hands 0.790 X
C. Warning: Flooring Surface Changes 1.349.555 X
D. Confined Space; Entry by Permit Only 2.1211.331 0.776 X
E. Disconnect Main Plug from Electrical Outlet 585 2.066 1.510 0.734 X
F. No Reaching In 3.010 2.221 1.666 0.890] 0.155 X
G. Steel-toed Shoes Required 3.312.528 1.972 1.197| 0.462] 0.307 X
H. Hot Exhaust 3.828 3.038 2.483 1.707 0.972 0.817 0.510| X
|. Walk Down Stairs Backwards 4.3663.576 3.021 2.245 1510 1.355 1.048 0.538 X

Similar Friedman’s tests were conducted to comffagenean ranks of the nine
referents for the university, uncertified, and died participant strata. For the 55
participants in the university stratum, the Q statj adjusted for ties, exceexfs
(338.54 > 15.51), which implies that a significdifference (p < 0.001) exists between at
least two of the mean referent ranks in this stnat’he post-hoc analysis results (Table
3) for the university stratum revealed significant diffezes between 23 of 32
comparisons. Those mean ranks which are statlgtgieilar are highlighted in Table 3
and are connected by horizontal lines drawn aboemt Similarly, for the 44
participants in the uncertified stratum (141.175%51) and the 46 participants in the
certified stratum (118.14 > 15.51), the Q statisticeed’s (p < 0.001) in both cases.
Post-hoc analysis results for the uncertified agtifeed strata are presented in Table 4

and Table 5, respectively, and those comparisaigiitl not reveal significant
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differences are highlighted. The final ranked orafereferents by ease of conversion

from written referent to graphical symbol for eatratum is shown in Table 6.

Table 3.

Post-hoc analysis results for 55 University Stusleeritical value = 0.893.

Referent A C B D G F E H |
A. No Access for Persons with Metallic Implants X
C. Warning: Flooring Surface Changes 1.389 X
B. Do Not Touch with Wet Hands 1518 0.129 X
D. Confined Space; Entry by Permit Only 1.883 0.4449.315 X
G. Steel-toed Shoes Required 227 0.888 0.J59 40}44 X
F. No Reaching In 2.509 1.12 0.991 0.6y6 0.432 X
E. Disconnect Main Plug from Electrical Outlet 3728 1.898 1.769 1.454 1.0% 0.7718 X
H. Hot Exhaust 4064 2.675 2546 2231 1.787 1.55B.777 X
|. Walk Down Stairs Backwards 4.12 2731 2.602 2.281.843 1.611| 0.833 0.05|5 X
Table 4.

Post-hoc analysis results for 44 Uncertified Praifasals; critical value = 0.880.

Referent A B C D E F H G |

A. No Access for Persons with Metallic Implants X

B. Do Not Touch with Wet Hands X

C. Warning: Flooring Surface Changes 1.364 1.091 X

D. Confined Space; Entry by Permit Only 2.545 2.273 1.182 X

E. Disconnect Main Plug from Electrical Outlet2.773  2.500 1.409 | 0.227 X

F. No Reaching In 3.170 2.898 1.807 | 0.625 | 0.398 X

H. Hot Exhaust 3.852 3.580 2.489 1.307 1.080 | 0.682 X

G. Steel-toed Shoes Required 4.273 4.000 2909 1.727 1.500 1.102 | 0.420 X

|. Walk Down Stairs Backwards 4761 4.489 3.398 2.216 1.989 1.591 0.909 | 0.489 X
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Table 5.

Post-hoc analysis results for 46 Certified Professis; critical value = 0.917.

Referent A B C D E F H G |
A. No Access for Persons with Metallic Implants X
B. Do Not Touch with Wet Hands | 0.55¢ X
C. Warning: Flooring Surface Changes 1.3p1 0.§37 X
D. Confined Space; Entry by Permit Only 2.141  1.98D.750 X
E. Disconnect Main Plug from Electrical Outlet 2048 1935 1.098 0.344 X
F. No Reaching In 3,511 2957 2120 1370 1.022 X
H. Hot Exhaust 3.554 3.000 2163 1413 1.065 0.p43X
G. Steel-toed Shoes Required 3.641 3.087 2.250 01.50.152| 0.130] 0.08% X
I. Walk Down Stairs Backwards 4.435 3.880 3.043 93.2 1.946 0.924] 0.88( 0.7913 X
Table 6

Ease of conversion rank order of nine referentstiata.

Stratum Final Ranks of Ease-of-Conversion

University Students A C B D G F E H I
Uncertified Safety Professionals A B C D E F H G I
Certified Safety Professionals A B C D E F H G I
All A B C D E F G H I

To test Hypothesis 2 to determine if these rarkingre in agreement between
strata, Kendall's Tau-b (Pett, 1997) was used terdéne concordance between the final
ranked order of each pair of strata, and betweeh staatum and the overall rank. These
results are shown in Table 7, and in each aasd).7, the confidence intervals excluded

the null value, and p < 0.01. Thus, it can bernef@ that the rank order of ease-of
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conversion between all strata are concordant aatcetich stratum is concordant with the
overall ranked order of the nine referents by edssnversion from referent to symbol.
Table 7

Kendall's Tau-b concordance between strata fofitted ranked order of referents.

University Uncertified Certified
Stratum
T CI p-value T CI p-value T CI p-value

University -
Uncertified 0.722 0.344-1 0.006 - -

Certified 0.722 0.344-1 0.006 1 1-1 < 0.001 -

All 0.778 0.441-1 0.002 0.944 0.778-1 <0.001 0.944 0.778-1 < 0.001
Discussion

The objective of this research was to determinetidr a ranked list of written
safety referents can be obtained based on thaieped ease of conversion from written
message to graphical symbol. Additionally, sirtde tanking survey depended entirely
on the perception of its responders, it was alsiralele to determine the effect of

previous safety experience on the ranking process.

Referent
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Figure 4 Final ranked order of warning referents by ezssnversion for all strata.
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The results of the Friedman’s and post-hoc analgsesonstrate that significant
differences exist between the user-perceived ditfies of developing graphical symbols
from certain warning referents. Furthermore, lasitated in Figure 4, not all of the nine
sorted referents were statistically distinguishablease of conversion from every other
referent for these 145 participants. However, @féhe nine referents were statistically
different in ease of conversion from all other refés. Therefore, the final ranked order
of referents shown in Figure 4 was generated cerisigl those statistically similar
referents as ties with essentially the same easemfersion difficulty. While not all of
the tied referents were statistically similar t@gvother tied referent, at least one was
statistically similar to all others. From thistJisymbol designers can select several
combinations of referents that vary statisticatlyelative perceived difficulty. It is
possible that an association exists between tredfpeferent (e.g. prohibited action)
and its perceived difficulty to convert to a symMdamit this research did not investigate

such an association.

Table 6 shows the nine referents sorted by theamranks regardless of
statistical similarity for all three strata indivdlly and combined. Both the uncertified
safety professional and the certified safety pitesal strata produced identical ranked
orders, each differing by one discordant pair ftberankings produced by all
participants. In both cases, only the referentst‘Ekhaust” and “Steel-toed Shoes
Required” were differently ranked from the reswitsll participants, and these two
referents had statistically interchangeable meaksraven among the entire sample of
145 participants. However, the university studgratum produced a ranked order that

contained four discordant pairs of referents frbwse of all strata, including two
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discordant referents that were not statisticaltgnchangeable. Though the concordance
analysis suggests that there is a significant pesitssociation between ranked order of
the university stratum and the other strata, thed&é’s Tau value for the university-to-
all comparisont = 0.778) is substantially less than the Tau véduehe other two strata
(t = 0.944) when compared to the overall ranked ordé&is may suggest that safety
experience, but not necessarily safety professicerdification, is an important factor in

developing a perceived ease of conversion factor.

Conclusion

This study surveyed three groups of participantsivarsity students, uncertified
safety professionals, and certified safety protessis—to investigate their ability to
produce a ranked list of safety referents by egtigahe difficulty of converting them
into graphical symbols. Results of the study iatBthat a simple ranked ordering of the
written referents can be achieved using pairwiienasions of symbol design difficulty
even when participants have not attempted to desigactual symbol. Substantial
agreement was found between all participants, asgentially identical results found
between uncertified and certified safety profession By using such a ranked list of
referents, symbol designers can test symbol des&hodology to ensure that it is
equally valid for warning referents that are refaly easy to convert to symbols and for
referents that may present substantial challenges.

This study generated only a relative ease of camebetween the nine referents
considered. While an absolute ease of conversictoff that does not depend on any

other referents would be valuable, such a facteeldped from a perception survey
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would seem speculative. Limiting participants twiraple trinary comparison (more,
less, or equally difficult) of referent pairs limithe output to a relative ranked order of
the referents. But, this type of comparison miaiesithe measurement bias that could
occur from respondents attempting to estimate eatatifficulty on a larger absolute
scale when they have not actually attempted to @maysymbols. Thus, while it may be
valuable to symbol designers as an estimatorydisisarch has not validated perceived
ease of conversion as a predictor of the actuatdlify in drawing or designing a symbol
for the referent of interest. Future research khatiempt to validate this estimation by
combining a pre-design survey with an actual synplootiuction exercise. Following
such an experiment, more absolute measures obéaseversion from referent to
symbol may become available. Further investigatiomld ascertain whether user
perception accurately predicts user-experiencditualify when attempting to produce a
symbol. Additionally, various aids (e.g. photodraphazard descriptions, etc.) could be
added to the estimation survey to determine if sdtitions improve the ease of

conversion estimate.
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CHAPTER 4
SYNTHESISAND CLUSTERING OF SYMBOL ATTRIBUTE MATRICES
FROM HAND-DRAWN SAFETY SYMBOLS

Introduction

Most researchers recognize two, and in some ¢hsss, primary techniques for
producing the graphical symbols used in safety iwmgs1(Dorris, 2004; Macbeth et al.,
2000, 2006; Pettendorfer & Mont'alvao, 2006). st traditional method of
developing symbols, icons or pictograms is alscsth®lest. In this method, designers
communicate their needs to a graphic artist wh@lbg@s a set of symbols. Sometimes
these symbol sets are tested for comprehensioretsogs they are put directly into
practice without evaluating their communicativeeeffveness (Ringseis & Caird, 1995;
Roberts et al., 2009). Whether tested or not,ritt@ghod is often iterative with symbols
passed between designers, artists and test subjattiple times before a symbol is
finalized (Wisniewski et al., 2007). This papetlwefer to this method as thH2esigner
Method

Another method of developing symbols involves thgipipation of potential
users of the symbols in their design. This metipiaheered in the automobile and
defense industries (Green, 1993; Howell & Fuch$81%arsh & Mudd, 1962; Mudd &
Karsh, 1961), has been termed Breduction Method In this method, a sample of
participants is asked to draw symbols individuflbm scratch for a set of referents.

Rather than the symbol designers communicating thishes and ideas to a graphic
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artist, the artist instead receives the drawingated by the participants. It is the
responsibility of the artist to synthesize the tksrfound among the symbol drawings to
create a final symbol or symbols from those thent@een (1993) presents a thorough
review of the early users of the production methiocduding actual line drawings
produced in previous studies (Green, 1979; J. ReiS& Green, 1988).

While there have been several variants of this owe{Green, 1993; Pettendorfer
& Mont'alvao, 2006; Ringseis & Caird, 1995), sorgenbol designers have suggested
that a distinct new method has emerged from thdymtion method referred to as the
Focus Groupmethod. In this variant, rather than drawing sghatindividually and
passing them directly to a graphic artist, partiaigs are organized into small focus
groups where their drawing designs are revealedlmuodissed (Goldsworthy & Kaplan,
2006; Macbeth et al., 2000; Mayhorn & Goldswortb§07). Based on this discussion, a
consensus symbol design is produced within thesfgecaup by the participants
themselves. In this way, the group synthesizeshihmes of the various participants into
a consensus drawing with real-time input from thginal designers of the candidate
symbols. Its proponents suggest that this metbowves from the graphic artist the
responsibility of interpreting the thematic desioéshe participants, instead placing that
responsibility with the participants themselvefie Graphic artist is called upon only to
clean up and professionalize the drawings prodérosd the focus group (Dorris, 2004).

Human factors engineers and designers have foutidipatory design to
produce better products, more suited to the needipaeferences of their potential users
(Dewar, 1999). Applying this principle to the dgsiof symbols suggests that the focus

group method may produce the most effective symietause this method allows its
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participants the most input and control over thegleprocess. Some empirical research
has supported this expectation (Macbeth et al.Q2B8éttendorfer & Mont'alvao, 2006).
However, this method must overcome several chadlemgund in any focus group which
can impede the ability of the group to performttsk. Three of these challenges, culture
and language barriers, variations in prior expegesind conflicting personality traits,
seem particularly relevant because of their paktai suppress design ideas and to lead
to symbol designs that are biased towards speqmafiticipants’ preferences (Easton et al.,
2003; Garmer et al., 2004; Klein et al., 2007; Newbal., 2003; Sweeney et al., 1997).
The current study attempts to overcome these clggkeby introducing the DIGA
method of symbol development.
A New Method Proposed

The proposed symbol design method involves theotisgolutionary
computation to interact with a focus group of deg@rticipants by both producing
suggested designs and consolidating the symbajmiesif individual participants
simultaneously, thereby acting as both a focusgparticipant and de facto group
moderator. While the development and details e@hGA design process are discussed
elsewhere (Chapter 5 of this dissertation), itsmadajectives are to provide a
computerized design interface to receive symbabassrom participants, share design
concepts between participants, and to even prap@sedesigns using a distributed
interactive genetic algorithm (Dozier et al., 2005k this way, the reduction of design
idea sharing caused by culture or language faatmlsdominant or quiet personalities
(Sweeney et al., 1997) should be limited sincel@dligns are treated equally with the

same opportunity to be shared among the partigpaiithe DIGA system with minimal
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need for verbal or written communication. Ratlmant creating designs from scratch,
DIGA users instead develop symbols using a prechted set of graphical attributes
available for incorporation into their designs. eTdgenetic algorithm receives, modifies
and proposes new symbol designs to participantg ugoup feedback from previous
design combinations and permutations of theséates. Since all users have the same
attribute selections available to them regardléssferent familiarity, bias towards those
with more experience with the safety referent sti@liso be reduced (the background
and design details of the genetic algorithm areudised in Chapter 5 of this dissertation).
The purpose of this study is to identify the symaibtibutes to be made available
to DIGA participants. In a similar study, Dorria004) developed an evolutionary
computation design tool which interacted with mapi@nts using a procedure similar to
the production method. Participants could manigutlae orientation and size of the
attributes to form a symbol; however, the symbuillaites available to those participants
were chosen in advance, limiting the design pogs#si to those conceived by the
designers. To further minimize this bias, the entistudy expands the previous study’s
theme of participatory design by developing thepbreal attributes available to the
DIGA tool using participants themselves. To acchshpthis, aspects of the original
production method were utilized to produce symbyairdngs upon a blank digital canvas
prior to the development of the DIGA symbol dessgftware itself. These drawings
were not used to design specific symbols. Rathey, define the design parameters from
which the DIGA design software can produce symbdlsey can therefore be thought of
as ancestral designs, or proto-drawings, from whlteymbols produced by the DIGA

tool in the future will be able to trace their hage.
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Methods
Objective

The objective of this experiment is to producetao semantic attributes that are
capable of pictorially describing the centroid membf each cluster in a clustered set of
safety symbols. The list of primary symbol atttdsiproduced by this experiment will
be used to develop the DIGA system by establistiiegpoundaries of the search space in
which the DIGA algorithm is allowed to propose syhtesigns. The three phases
involved in the determination of these boundargitaites are explained in this section.
Phase 1 — Producing Symbol Proto-Drawings for Ansily

Phase 1 of this experiment recruited 72 particpémproduce hand-drawn
symbols from each of two written warning referamésg a blank digital canvas, a
method which is well established in the literat(@Beeen, 1979, 1993; Karsh & Mudd,
1962; Mudd & Karsh, 1961; J. R. Sayer & Green, 198&niewski et al., 2007). Prior
to the experiment, participants were allowed tawike information letter (Appendix
4.1) and ask questions about their role in theystlighch participant received both
written and oral instructions (Appendix 4.2) andfpemed the experimental protocol
individually.

Auburn University students were recruited for stisdy by email invitation to
limited membership lists such as the Departmemtsychology, the Department of
Industrial and Systems Engineering, and the Intemal Student Organization. In
addition, more than 100 paper flyers were postguuislic areas around the Auburn
University campus inviting students to participaBrevious research (Piper et al., 2008)

found that 30-40 symbol drawings provided enoudbrimation to synthesize a robust
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list of design attributes. However, a demograpiiatification using country-of-origin
was employed in the current study to explore caltuariation in the symbol drawing
process. Therefore, participants were recruitddostrata, each with 36 members.
Stratum #1 included participants who were curradents in the U.S. but who were
born and raised in India. India was selected bexafithe prevalence of its educated
citizens who learn two or three languages simutiasly, English, Hindi and often a
third native tribal language, in an immersive ediocel setting (Hadi-Tabassum, 2005;
Raman, 2004). Stratum #2 included participants wlce current students born in the
U.S and educated in a primarily English languagerenment. All participants in both
strata reported fluency with the English languaweat least 5 years prior to the
experiment. Participants were compensated $2Mér efforts.

To begin the symbol drawing process, each partitipalected at random one of
two written safety messages, which included a waynéferent and a brief description of
the hazard(s) to which the referent pertained Gespter 3 and Appendix 3.1 of this
dissertation for examples of these descriptiosijice all participants were university
students, investigators encouraged each partictpaagk questions regarding the nature
of safety warnings, symbols and of the hazards sebras. Participants used a
SmartBoard 600i digital whiteboard to draw theimépls and were instructed to portray
each warning message as a simple pictogram witheag any numbers, text or symbols
(e.g0. $, %, etc.). Each participant received arialt on using the Smartboard 600i prior
to making their drawing, and neither the investigainor other participants were
permitted to witness the drawing process. Invashig were available to answer

guestions or assist in case of a technical probdem investigators verified periodically
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throughout the experiment that no questions orlprob had arisen. When a participant
announced that the first symbol was complete, tbegss was repeated using the second
referent. After both symbols were designed in thaner, the participant was excused.

To ensure that the DIGA design tool could be testedeferents for which there
were significant differences in expected symboladepment difficulty, the two referents
chosen for this experiment were selected from efierent list reported in the previous
chapter. Figure 5 shows that the two referentscsad for this study have significantly
different relative ease of conversion on this rahlst of nine referents. In addition,
these two referents were selected because theyatifin referent type and in the
availability of published, standardized symbols$ha literature.

In total, 140 symbol drawings were produced in eHasf this experiment,
including 70 for each referent. Two drawings freacth referent were omitted (see the
Results section of this paper). While these syrmdbalvings will not serve directly as
candidates for final symbol designs in the remairdehis dissertation, they did assist in
the evolution of the DIGA design tool and, therefamerve as ancestral designs, or proto-

designs, from which future symbol designs will cersat

Referent Referent Type |ISO Availability|
1. No Access for Persons with Metallic Implants Prohibited Action Available
2. Do Not Touch with Wet Hands Prohibited Action Available
3. Warning: Flooring Surface Changes Hazard Warning | Not Available
4. Confined Space; Entry by Permit Only Hazard Warning | Not Available
5. Disconnect Main Plug from Electrical Outlet Mandatory Action Available
No Reaching In Prohibited Action Available
Steel-toed Shoes Required Mandatory Action Available
Hot Exhaust Hazard Warning | Not Available
6. Walk Down Stairs Backwards Mandatory Action| Not Available

Figure 5 The two warning referents selected for use irctiveent study, ranked by

perceived ease of conversion from written to greghfiorms (1 is the most difficult).
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Phase 2 — Semantic Annotation

Phase 2 of the experiment convened a panel oktlangineers to evaluate the
symbol drawings produced in Phase 1. Expert aisadyxl ratings have been used to
evaluate symbols, including hand-drawn imagesravipus studies (Dorris & Davis,
2003; Green, 1979; J. R. Sayer & Green, 1988; Bd&yer, 2002), but those evaluations
were generally used to group symbols into tieraull out the top designs. In the
current study, expert panelists were used to dpweelgualitative matrix of semantic
attributes capable of adequately describing theifstgnt components of each symbol
drawing. Similar semantic annotation processes haen performed in other research
domains involving the assigning of qualitative dgstors to visual or auditory content,
such as the labeling or “tagging” of photographsirimage search retrieval and the
assigning of semantic descriptions to songs (Cavretial., 2007; Turnbull et al., 2007).
In these two cases, the semantic annotation precssised to develop a list of
keywords that could be used for later retrievahmistic content.

To the best knowledge of the author, only one sty utilized semantic
annotation of a content set as an antecedent wbeitign of new content (Piper et al.,
2008). That research suggested that three pansbstd perform this task effectively.
Therefore, three panelists comprised the panghfocurrent study, each holding either
an Associate or Certified Safety Professional dedign (BCSP, 2009), and all panelists
were trained prior to the experiment in the sencaaminotation task, the nature of
warning symbols, and the requirements of the DIGRw&re tool that will make use of
the attributes found by the panel. Each panetdyced a matrix of qualitative symbol

attributes (e.g. “person’s body”, “head only”, “fafdirectional arrow”, “puddle”, etc.)
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for each referent. The columns of the matrix repné the symbol attributes, and the
matrix contains enough attributes to sufficientgscribe each symbol drawing produced
in Phase 1 of the experiment. Each drawing ocsupienique row in the matrix, and
each cell in the matrix contains a binary respaagbe question, “Is this attribute present
in this symbol drawing?” In addition to annotatisgmbol attributes and creating the
attribute matrix, the panel also vetted each syrdbalving to ensure that it was not an
example of an egregious error or critical confusigmthis protocol, egregious error
simply represents a drawing resulting from a sutigthmisunderstanding or
misrepresentation of the referent (e.g. drawingp&ry when wet” when the referent
specifies “hot exhaust”). Critical confusion idided as portrayal of the opposite
message or a message that could lead to severg (ANSI, 2007a).

Each panelist followed the procedure provided ipégudix 4.3 to create a matrix
for each referent, beginning with the first symioothe first referent and continuing until
all symbols had been evaluated in both referefte symbol drawings were presented
to panelists in random order without regard to ¢ouof-origin, and panelists were not
made aware of who created any of the drawingsamse of the panelist’'s data
collection form can be found in Appendix 4.4. Theee individual panelist matrices
produced for each referent were then combined ynsation to create a final consensus
matrix for each referent. A sample row from thimsensus matrix, which represents the
complete combined semantic annotation of a singtes| drawing, is shown in Figure

6. Only the consensus matrices were analyzeddumhPhase 3 of this experiment.

[Grawing 1] 3] 1] 3] 0] 3[0] o] o] o] 2] o] o] o] o] 3] 3] o[ o] o] o] o] O] o] O] O] O] ]

Figure & Row vector representing the semantic attribatessingle symbol drawing.
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Phase 3 — Clustering of the Attribute Matrices

From the previous phase of the experiment, eaclbslydrawing was represented
by a vector,X, of integer values ranging from 0 to 3. The valaentained in the vector
represent the number of affirmative votes by theefiats for the presence of an attribute
in the drawing (e.g. unanimously absent, presemhinyrity, present by majority,
unanimously present). The attribute matrices dnimig these representations were
clustered using a simple K-means clustering algorjtand only those attributes
possessed by the median of each cluster were edtaiany clustering algorithms exist
for grouping data into thematic families (Anil &déhiard, 1988; H. M. Chan & Milner,
1981; Choi & Chang Hyo, 1993; Holman et al., 200Bjias-Martinez, Chen, Macredie,
& Liu (2007) reviewed numerous studies using vasiolustering methods to group
human factors data. For this study, a simple Kmaedgorithm was chosen from the
Weka Data Mining Software suite because it easalydhed the discrete data set and
could produce simple centroid values of multivazidata.

In their similar study, Piper et al. (2008) found dusters among a comparable
number of drawings using a direct clustering aliponi which does not require a prior
assumption of the number of clusters (Holman ¢28I06). Since the Weka simple K-
means algorithm does require a predetermined nuoflidusters, the cluster number, K,
was selected considering the number of clustensdfani the previous research and a
heuristic process described by Manning, RaghavahSghutze (2008). In this heuristic,
several clusterings, each with a different iniation point, are generated at each integer
value of K in the range K = 2, 3, ,8. The minimum value of the residual sum of

squares, RSS, defined in Equation 1, among altltisterings at each value of K is
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recorded as RSS(K)z, defined in Equation 2, is the centroid of eaalstdr containing

w symbol vectors, represented Ryectors.

2

RSS= " Y%~ lw) ®
k=1 5C0cd,

ﬁ(w)=ﬁ X @
XOawy

In the heuristic method proposed by Manning et24108), the actual number of
clusters, K, is identified by plotting the discrétection RSS(K) and determining the
value of K at which the curve’s successive deciebseome noticeably smaller. Using
the “knees” in the curve to make this decision asssithat the primary objective of
determining cluster quality is to minimize RSS. wéwer, as Manning et al. (2008)
admit, a minimal RSS may sometimes occur with elgsof only 1 symbol. Regardless
of the value of RSS, for this study it is usefubiefine a minimum and maximum cluster
size. The centroids of very small clusters (ezg & or 2) may overemphasize one or
two outlying symbol drawings, while the centroidowerly large clusters (containing
more than 50% of the symbols) may mask some aintieeesting symbol design
attributes.

To address this concern, in addition to the minatian of RSS, a second
objective for determining the optimal cluster numhé& was defined. For each clustering

run, the percentage of symbatscontained by the smallest clust&ma, was compared

to the percentage of symbalscontained in the largest clusteysge Equation 3 defines
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the ratio,r, where a value of 1.0 is considered optimal incktall clusterse, are the
same size. Like RSS, direct comparisons are oelgmmgful between clusterings runs
that have the same number of clusters (e.g. KEdy.this reason, the best (e.g. lowest)

value ofr for each set of clusterings,was denoted as,;, . Likewise, the smallest value
of RSS for each set of clusterings was denoteR&S§,, . By comparing each RS&nd

ri to the best values in that set of clusterings, defined in Equation 4 as a normalized
larger-the-better decision variable used to deteerttie correct number of clusters, K.

r.=—-
S

®3)

rmi RS%in, } (4)

max d; = geometric mea ,
rr.  RSS

By conducting clustering runs on a set of symbols at each valll€ the run
producing the highest value dfwas selected as the best clustering of the dathdio K.
However, sinceal is a relative factor valid only for comparison kit a set of
clusterings at the same value of K, each winningteking runjx, was placed in set
The overall best clustering was determined by timeimJ containing the lowest value of
r. At this point, all attributes which were absemnall cluster centroids were ignored, and
the clusters were reproduced considering only ¢hgaining attributes. These final
attributes present in at least one cluster centroilde final clustering run comprise the

primary attribute set for that referent.
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Results

The purpose of this study was to determine setmialitative symbol attributes to
be used to create design boundaries for the priotiuat graphical symbols for the
warning referents “Hot Exhaust” and “Do Not Touchhawet Hands.” A total of 72
Auburn University student participants joined thedy (36 from India and 36 from the
U.S.). Each participant created two symbol drawjrame for each referent. However,
two drawings from each referent were excluded dueralfunction of the Smartboard
system. For the “Hot Exhaust” referent, 35 drawimgere recorded for both the U.S. and
Indian strata; however, for the “Do Not Touch wittet Hands” referent, both system
failures occurred during drawings made by Indiartipip@ants. Thus, for this referent,
there are 36 drawings from the U.S. stratum andr@ings for the Indian stratum.
Appendix 4.5 contains these drawings, and AppedAdixcontains the attribute matrices
produced by the expert panel’s analysis, includioth the individual panelist matrices
and the combined summation matrix for each refer@able 8 summarizes the results of

the panelists’ evaluations, including the percesagreement, which is the percentage of

Table 8.

Semantic annotation summary of two drawing seta thyee-member panel.

Total Discarded for Discarded for
Symbols Critical Egregious  Surviving %
Referent Stratum Considered Confusion Error Symbols Disagreement
Indian 35 0 4 31 5.7%
Hot Exhaust  American 35 0 0 35 6.2%
All 70 0 4 66 6.0%
Do Not Touch  Indian 34 4 1 29 3.8%
With Wet  American 36 0 4 32 2.9%
Hands Al 70 4 5 61 3.3%
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Attributes present in Cluster Median

Attributes
Cluster 1 Cluster2 Cluster3 Cluster 4 Cluster5 All
Emissions Dissension Unanimous Unanimous Unanimous Unanimous Unanimous
Pipe Unanimous Dissension Unanimous Unanimous Unanimous
Flame Unanimous Unanimous
# of Symbols 16 12 11 11 16 66
8 23
Nﬁ > \ HottEthal_Jst t
E earest Drawings to
. “ — cl i
N uster Medians
Cluster 1 #8
6 13 Cluster 2 #3
Cluster 3 #23

Cluster 4 #6

Sgs L Cluster 5 #13

Figure 7. K-means cluster results from “Hot Exhaust” atikte matrix with combined
strata, and the clustered drawings most nearlyesgmting the centroids (medians) of

each cluster.

all attribute ratings for which one dissenting desteroted differently than the other two
regarding the presence of that attribute in a @aler symbol. Appendix 4.7 shows the
symbols discarded for critical confusion and egvagierror.

Figure 7 summarizes the results of the clustermagyasis performed on the “Hot
Exhaust” drawings. The drawings were grouped five clusters whose centroids could
be constructed from only three symbol attributesidsions, Pipe and Flame. Similar
analysis was performed on the “Do Not Touch witht Wands” drawings, and a

summary of those results is shown in Figure 8. s€hdrawings were grouped into four
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Attributes present in Cluster Median

Attributes
Cluster 1  Cluster 2  Cluster 3 Cluster 4 All
Single Hand Unanimous Unanimous Unanimous Unanimous Unanimous
Water Drops Unanimous Unanimous Unanimous Unanimous Unanimous
Prohibition Symbol Unanimous Dissension
Faucet Unanimous
Prohibition "X" Unanimous Unanimous Dissension
# of Symbols 7 23 25 6 61
8 5
Do Not Touch with
o Wet Hands
o Nearest Drawings to
) Cluster Medians
p o0
Cluster 1 #8
21 Cluster 2 #5
& Cluster 3 #21
Cluster 4 #70

Figure 8 K-means cluster results from “Do Not Touch wittet Hands” attribute matrix

with combined strata, and the clustered drawingstmearly representing the centroids

(medians) of each cluster.

clusters whose centroids could be constructed toiy five symbol attributes. The

results of the clustering analysis are found in éqgix 4.8. The attribute matrices were
also stratified by country-of-origin and clustergging the same technique. The results of

the stratified clustering are summarized in Fig@d9, and the detailed analysis results

are available in Appendix 4.7.
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Attributes present in Cluster Median

Attributes present in Cluster Median

Attributes Attributes
Cluster 1 Cluster 2 Cluster 3 All Cluster 1 Cluster 2 Cluster 3 All
Single Hand Unanimous Unanimous Unanimous Unanimous Emissions Unanimous Unanimous Unanimous
Water Drops Unanimous Unanimous Unanimous Unanimous Pipe Unanimous Unanimous Unanimous
Prohibition Symbol Unanimous Unanimous Unanimous Person Unanimous
Prohibition "X" Unanimous Flame Unanimous
2-D Panel Unanimous
# of Symbols 12 12 11 35
# of Symbols 12 5 15 32
25 28 “ 24
Do Not Touch with % Hot Exhaust, US
Wet Hands, U.S. Nearest
S - Nearest Drawings to 0 @ Drawings to
o Cluster Medians Cluster Medians
Cluster 1 #25
29 Cluster 2 #28 13
Cluster 3 #29 Cluster1  #4
04 Cluster 2 #24
§ O/
,‘— Cluster 3 #13

Figure 9 K-means clustering results for the U.S. stradiiien, “Do not touch with wet

hands” referent (left) and “Hot exhaust” referemglft). Drawings most closely

representing the centroids (medians) of each c¢laséealso included.

Attributes present in Cluster Median

Attributes present in Cluster Median

Attributes Attributes
Cluster1 Cluster2 Cluster3 Cluster4 All Cluster 1 Cluster 2 Cluster 3 Cluster 4 _ Cluster 5 All
Single Hand Unanimous Unanimous  Unanimous  Unanimous Unanimous  "Emjssions  Dissension Unanimous Unanimous Unanimous Unanimous Unanimous
Water Drops Unanimous Unanimous Unanimous Unanimous Unanimous Pipe Unanimous Dissension Unanimous Unanimous Unanimous
Prohibition Symbol  Unanimous Flame Unanimous Unanimous
Faucet Unanimous
Prohibition "X" Unanimous Unanimous Unanimous Unanimous # of Symbols 16 12 11 11 16 66
Energ\zed Equip. Unanimous
# of Symbols 10 11 4 4 29 8 43 4
) Hot Exhaust, Indian
21 i g Nearest Drawings to
@ Do Not Touch with S Cluster Medians
Wet Hands, Indian ~ ) l\—>l
f Nearest Drawings to
0 Cluster Medians Cluster 1 48
Cluster 1 #21 27 14 Cluster 2 #43
Cluster 2 #34 /)/ Cluster3 #
Cluster 3 #55 = = Cluster 4 #21
Cluster 4 #27 PR Cluster 5 4

@

o
\\\

Figure 1Q K-means clustering results for the Indian stiediion, “Do not touch with

wet hands” referent (left) and “Hot exhaust” refargight). Drawings most closely

representing the centroids (medians) of each c¢laséealso included.
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Discussion

From the 70 “Hot exhaust” symbol proto-drawings qialitative graphical
attributes were defined by the expert panel. Rtwerclustering analysis of those 70
attribute vectors, three primary attributes weenidied from which all five centroids of
the five clusters can be constructed. Similatig, 70 “Do not touch with wet hands”
proto-drawings yielded 28 graphical attributes whicere reduced to five centroidal, or
primary, attributes by the clustering process. l@&kists these primary attributes for
both referents.

The purpose of this study was to develop lisgsrohary attributes for
incorporation into the DIGA symbol design tool. eTteferents in these lists are all that

are needed to produce each cluster cenfrpjaneaning these attribute lists are sufficient

to produce at least k different symbol familiesresgnting the cluster centroids.
Specifically, the three primary attributes idemififor hot exhaust, when incorporated
into the DIGA software, should allow at least fsugbstantially different families of
symbol designs to be produced (See Figure 7). wides the five primary attributes
identified for “Do not touch with wet hands” showddow at least four different families
of symbols to be created (See Figure 8).

When the pool of symbol proto-drawings was stiediby country of origin and
clustered separately, the resulting constituenteeprimary attribute sets differed from
those of the original clustering. In addition, thenber of clusters varied by stratum,
even for the same referent. Table 9 lists the gmynattribute sets for the stratified data,
and Figures 9 and 10 show a sample drawing for elasker, the centroidal attributes

describing the clusters, and the unanimity of eamtiroidal attribute.
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Table 9.

Primary attribute sets that describe the centreiciars of each symbol cluster.

Stratum

Total Attributes in
Stratum

Primary Attributes

Symbol Families
(Clusters)

Indian

25

Emission Lines
Pipe/Stack
Arrow
Vent / Grate

Hot
Exhaust U.S.

33

Emission Lines
Pipe/Stack
Person
Flame

All

35

Emission Lines
Pipe/Stack
Flame

Indian

22

Single Hand
Water Drops
Prohibition Symbol
Faucet
Prohibition "X"
Energized Equip.

Do Not
Touch

with Wet U.S.
Hands

27

Single Hand
Water Drops
Prohibition Symbol
Prohibition "X"
2-D Surface

All

28

Single Hand
Water Drops
Prohibition Symbol
Faucet
Prohibition "X"
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Table 10.

Attribute subsets by stratum.

. Recessive Dominant
Universal - -
Indian U.S. Indian U.S.

Hot Emission Lines Arrow Person Flame
Exhaust Pipe/Stack Vent/Gate
Do Not Single hand Energized Equip.  2-D Surface Faucet

o Mo Water Drops
Touch hibiti
with Wet Prohibition
Hands Symbol

Prohibition "X"

For each referent, there was a universal subsdtrdfutes that appeared in both
strata as well as in the combined data. This iesphat the attributes in the universal
subset may be less sensitive to cultural or couftorigin factors. For the “Hot
Exhaust” referent, the universal subset includea attributes: “Emission Lines” and
“Pipe/Stack”. For the “Do Not Touch with Wet Haindsferent, the universal subset
included four attributes: “Single Hand”, “Waterdps”, “Prohibition Symbol” and
“Prohibition *X™. A second subset of attributedantified for each referent can be
referred to as the dominant attribute subset. aftidutes in this subset appear in both
the combined data analysis as well as one of theastHowever, these attributes do not
appear in the other stratum. There was one meafilibe dominant attribute subset for
each referent, “Flame” for “Hot Exhaust and “Fatdet “Do Not Touch with Wet
Hands”. Finally, a recessive subset of attributas also identified. As the name
implies, these attributes only appear in an indigidstratum. They do not appear in the
opposite stratum or in the combined data set.“lHot Exhaust”, there were three total
recessive attributes—two found in Indian stratudr(®w” and “Vent/Gate”) and one

found in the U.S. stratum (Person). Only two totglessive attributes were identified for
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“Do Not Touch with Wet Hands”, “Energized Equipmieint the Indian stratum and “2-D
Surface” In the U.S. stratum. Table 10 summarikese attribute subsets.

Certainly, the universal subsets of attributes &hdemand primary interest when
designing warning symbols for a diverse populasimte they were found in the
centroids of both strata of participants. The mssvity of some attributes to country of
origin suggests that symbols may be able to braddeast some of the cultural barriers to
risk communication. However, the presence of doessive and dominant subsets of
attributes seems also to reinforce the notiongpatbols are not completely culturally
neutral. Nevertheless, the process demonstmatisi study of identifying the universal
and non-universal attributes should be valuabkytobol designers attempting to work

with diverse populations

Conclusions

Developing a symbol design tool that utilizes etioliary computation to assist
design participants has the potential to capitadiz¢éhe benefits of participatory design.
However, in order to receive the best design calsdepm the participant designers,
investigators must do everything possible to mimerinvestigator bias. By developing
primary attribute subsets in this experiment, a sgmbol design tool can be constructed
that will both engage the participant designenmoivative ways and reduce the
investigator’s input in selecting the design parearse Future research should investigate
the incorporation of these symbol attributes ini@atual distributed interactive genetic

algorithm interface. In order to do so, certaigisi®ns must be made regarding the
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manner in which the attributes found in this stgtipuld be encoded in the software. For
example, how should the attribute “Single Hand’pbetrayed by the DIGA design tool?
The results of this study imply that there may belationship between the
specific graphical attributes appearing in symbaldngs and country of origin. This
study did not investigate the nature of this relahip, should it exist. Future research
should explore this relationship across a variétyationalities as well as other similar
factors, such as cultural and language experi¢haghermore, this study included only
novice university students with relatively littleslgn experience as the generators of the
symbol drawings. While participatory design prpies suggest that the inclusion of
realistic users in the design process, in this tasgeneral population, is likely to
improve the design, it is possible that particigamfamiliar with the hazards but skilled
in industrial or graphic design might produce diiet symbol drawings for these
referents. Future studies should compare thdaté&rimatrices generated from
participant groups of various experiences in produsystem design. Finally, though
the sample size used in this study proved adegug@i@vious research, the multivariate
nature of the computational analysis would berigdih more data. Future research
should consider producing additional symbol drawif@ the same two referents used in

this study so that greater clustering resolutiamtoa achieved.
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CHAPTER 5
DEVELOPING AND TESTING A DISTRIBUTED INTERACTIVE GENETIC
ALGORITHM TO DESIGN SAFETY WARNING SYMBOL S
Introduction

Evolutionary computation (EC) is a form of artifitintelligence that has been
typically used to solve complex optimization prabteby utilizing principles of
biological evolution to evolve problem solutionsaimarge solution space (Dreo et al.,
2003; Rees & Koehler, 2006). EC has been apptidditnan factors and safety
problems such as avoiding pilot error (Chouraqu@niat, 2003), estimating chemical
exposures (Johnston et al., 2005; Nomen et al3;200rthage, 2005), detecting sensor
faults (Klimanek & Sulc, 2004, 2005; Lo et al., B)0and predicting crowd dynamics
(Garrett et al., 2006; Langston et al., 2006; Mudtdal., 2006). A genetic algorithm
(GA) is a particular implementation of evolutionaxymputation that emphasizes natural
selection and random mutation to search a populati@olutions using a survival of the
fittest approach (Goldberg, 1989). Genetic al¢pong are among the more common
forms of EC.

While traditional evolutionary computation attemfuioptimize a mathematical
function, interactive evolutionary computation ([E@stead attempts to optimize
performance of a system that requires subjectivedmuevaluation (Takagi, 2001). In
human factors, there is often an element to sypenfiormance that depends on human

preference or subjectivity. IEC allows machine andhan to work together to optimize
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these systems and to design solutions to thess kingroblems. Furthermore, the
involvement of potential users of a product or sgstn its design, known as
participatory design, is believed to improve thalgy of the final products (Schuler &
Namioka, 1993). Parmee, Abraham and Machwe (200&jest that IEC is particularly
suited to exploring open-ended concepts in padtoiy design because the high level of
human/machine interaction stimulates creativity eimdvation.

The design of safety warning symbols has long megeof participatory design
to develop and evaluate symbol candidates becaissbelieved to produce the highest
likelihood of meeting symbol comprehension critd ASI, 2007a; Green, 1993; I1SO,
2007). The design process generally includesdéetification of a safety message to
portray as a symbol, the production of simple dikesoof possible designs, the analysis of
these designs for thematic elements, and the éoolaft final designs representing the
identified themes (ANSI, 2007a; Dorris, 2004; GreE®03). Depending on the design
method, human participants representative of patiesymbol users can be involved in
one or more of these design phases (Green, 197&héitaet al., 2000). The process of
evaluating potential symbol designs to determine @nmore best designs is essentially a
search task that incorporates user subjective steeed of symbol quality as its fithess
function.

Carnahan and Dorris (2004) were the first to agpiyiutionary computational
search to the design of safety warnings when tlesgldped an IEC design tool to allow
both English and Spanish-speaking sawmill workensroduce their own graphic
symbols for two warning messages, or referentsilafthese users had no previous

experience designing hazard communication, Do2@94) was able to demonstrate that
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their individually-created symbol designs wereistaially equivalent in estimated
comprehension to symbols currently in use in ingusThe Carnahan and Dorris (2004)
IEC search algorithm was similar in design intenthte production method of symbol
design which recruits many participants to prodadependent symbol designs that are
evaluated by designers to produce a final desigynreplacing the human search task of
identifying the best symbol from an infinite setusfdrawn possibilities with an IEC
search that evolves a symbol design fit to each @anahan and Dorris (2004) began
the process of transforming the symbol design gyste

A new approach to IEC design was developed by Da&tial. (2005b), which
involves the evolution of design solutions usingunfrom multiple participants
simultaneously. The process uses an interactstallited evolutionary algorithm
(IDEA) to simultaneously evolve solutions of mul&gparticipants by incorporating the
judgment of one participant into the genetic mateavailable to other participants. The
design space shared by the participants where dyae@ns are mated and mutated was
labeledMeme SpacéDozier et al., 2005b).  Prior to this work, distited evolutionary
computation had primarily focused on decreasingmgation time for complex
problems by running the EC search simultaneouslgnany processors (Rupela &
Dozier, 2002). The IDEA algorithm of Dozier et @Dozier et al., 2005b) is “distributed”
because, rather than allowing only a series oviddal participants to interact with the
algorithm and evolve their own solution, many mapénts may interact in parallel. This
allows the IDEA to converge to single solutionstthave incorporated multiple

participants’ judgments (Dozier et al., 2005a).
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Participatory design of warning symbols has alsgpssed in its design
strategies. Macbeth et al (2000) proposed thesfgecoup method of symbol
development which allows a group of 6-12 participan develop symbol designs in
parallel, sharing and critiquing ideas verbally amdpaper until a final group design is
chosen. Just as the production method was anadgd&C, the focus group method of
parallel, shared symbol design is similar in stygte® the distributed IEC pioneered by
Dozier et al. (Dozier et al., 2005a). Thus, thiglg explores the use of distributed
interactive evolutionary computation, specificalylistributed interactive genetic
algorithm (DIGA), to computationally model the facgroup method of symbol design

developed by Macbeth et al. (2000).

The Algorithm

The search for high quality symbol designs is alngestainly a non-polynomial
hard, multivariate problem involving an unknown heahatical formulation of a single
participant’s judgment. Furthermore, the problesndmes multi-objective when it must
attempt to optimize the various subjective judgraearita group of 6-12 participants, in
the case of the focus group method (Macbeth & Meypd994; Macbeth et al., 2000).
Fortunately, Dozier et al (2005a) developed a ithsted interactive evolutionary
algorithm (IDEA) to computationally model a veryrslar process. The IDEA was
designed to evolve emoticons (e.g. “smilies”), &ralIDEA pseudo code is shown in
Figure 11. To design emoticons, IDEA participaeteived 9 randomized initial
emoticons from the system. The user respondeelbgting their favorite emoticoe,

and a preferred mutation operator, The user submitted emoticerio the Meme space
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server and received a random emoticon from Memeespa Emoticonse andm
became the parents for 7 daughter emoticons, 4 @by mutation using the specified
operatoro, and 3 by recombination, which in this case wasdcrossover (Eshelman &

Schaffer, 1993). This process repeated until #e& determined the process was

complete.
Procedure IDEA_Client {
t=0
Initialize Pop(t) /[l Randomly generate initial @mcons
Present Pop(t) to User;
While (Not Done)
{
Allow user to select an emotica)y(
Allow user to select a mutation_ay
Sendé) to MEME space;
Receivefn) from MEME space;
Parents(t) = ¢ m}
Offspring(t) = {
Create 4 Mutants(0);
Create 3 Recombinatioes(,0);
}
Pop(t+1) = Parents(9Offspring(t):
t=1+1;
}
}

Figure 11 IDEA pseudo code (Dozier et al., 2005a).
Selection, Crossover and Mutation in the DIGA Algtim

In order to computationally model the focus grougtimod of Macbeth et al.
(2000), a simple genetic algorithm employing twoRp@rossover and single-point
mutation (Goldberg, 1989) at the server level waslmned with a client graphical

interface similar to that used by Dozier et al.Q24). However, this distributed
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interactive genetic algorithm (DIGA), unlike theHB emoticon algorithm shown in
Figure 11, handles the majority of the computaticiteps on the server side. The client
interface is primarily used to solicit participatgsign evaluations. Flow charts of the

server and client portions of the algorithm arevaino Figures 12 and 13, respectively.

Selection
: Crossover
Most fit symbols
. Selected symbols
have highest .
\ — reproduce with symbols
chance of
. from Meme Space
reproducing
Compile master l 3
—» set of symbols Mutation
> from all n clients m best global Mutation operator
solutions found so far Is applied to
Py Client Replacement by all users daughter symbols
® -« Daughter symbols
® returned to clients '
with random from m
/ 1 Global Replacement
Most elite parent

Symbols sent to
Meme Space

Figure 12 Server-side DIGA Flow Chart.

Initialize
Generate initial symbol with
random parameter values

for each simultaneous user Receive new —
generation |¢

from Meme
Space

Local Search
User adjusts
parameters for
symbol population

Local Search
Desired?

Global best solutions
+ reproduction
& replacement

Stopping
criteria
reached?

Fitness End
rate current population Record Send Solutions
(aka fitness assessment) | SymbolData] |y, yome Space

Local Elitism
Update client’s best
symbol so far

Figure 13 Client-side DIGA Flow Chart
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Procedure DIGA_Server {
Initialize Serverg,c,) /I Max # of generations & # of clients
t=0;
For all clients(c) {
Initialize Pop(c,t);  // Randomly generate inittaymbols
}
While (t <g) {
Send Pop(c,t); /I Deliver symbols to clients
For all clientse ¢ {
Forallie [1,9] {
User selectgh most favorite symbo¥(c,i)
}
Send§(c,i)] to Meme space;
Elitism(t) =s(c,1) + 5(c,2) for all clientse c;
Il Preserve 1 & 2" favorites of each client
Begin_Tournament(t) {
P[s(c,i)] = (10-i)/45; [/ Assign selection prdiilities
While j < 7%¢{ I/l Make 7 offspring per client
Select Candidate1(P);
Select Candidate2(P);
Parent(j) = candidate with lower ramk,
j=j+1
}
While k < 7*c {
Offspring(t) = Crossover[Parent(k), Parent(k+1)]
Mutate_Offspring(t);
k = k+2;
}
Pop(t+1) = Elitism(tp Offspring(t):
t=1+1;
}

Figure 14 Pseudo code for DIGA symbol design algorithm
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DIGA pseudo code is shown in Figure 14. To desigming symbols, each
DIGA participant receives 9 randomized initial syotdbfrom the system. The participant
responds by selecting their favorite symbol basedaw well it portrays the written
message (i.e. the referent) provided on the scr&be.participant repeats the ranking
of the next best symbol until all symbois1-9) have been rankesic,i) The symbols
are then submitted to the server, which is analsgoiMeme space of Dozier et al.
(2005a). Symbols s(c,1) and s(c,2) from each ppaiit are preserved; thé& danked
symbol returns to its original participant and #i&ranked symbol is submitted to any
participant at random. The remaining symbols engbpulation are replaced by the two-
point crossover shown in Figure 15. Each parettiencrossover is the winner of a
selection tournament in which a pair of symbolshesen randomly and compared. The

symbol ranked higher by its participant wins thie, jand ties are broken randomly.

Crossover Step 1: Parent solutid®ndS, are chosen for crossover.

Sl |p1|p2|p3|p4|p5|p6|p7|p8|p9|p10|plllp12|
SZ |Q1|Q2|Q3|Q4|QS|QG|Q7|QS|qglfholfhllchzl

Crossover Step 2: Select 2 points at random [G;23]and9

Sl |p1|p2|p3| |p4|p5|p6|p7|pslp9| |p10|p11|p12|
S, @] |ds| [de]as|ae[ar]ds|do| |choh|a

Crossover Step 3: Exchange values (3,% iwith values (3,9] ir§; to form
new offspring solutions

Ol |p1|p2|p3| |Q4|Q5|QG|Q7|QS|QQ |p10|p11|p12|

02 |Q1|Q2|Q3| C>|D4|p5|p6|p7|p8|p9|<‘)|Q1O|Q11|Q12

Figure 15 lllustration of two-point crossover.
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At the conclusion of the crossover, parents haenlselected and recombined to
replace the seven lowest ranked symbols for eaehtc(e.g. ranks 3-9). These symbols
are now subject to mutation. A mutation probapsipecific to the experiment is applied
so that only a fraction of newly formed offsprirgperience mutation. If an offspring
symbol is selected for mutation, a single variablele in the genome (Figure 16) is
changed to a new value in its range with uniforwbability for any single value. After
all applicable offspring are mutated, the offsprarg combined with the elitist symbols
preserved from the previous generation and restdunio the clients as generation t+1.
Each client receives nine symbols to evaluate aséxt generation, including his
pervious top ranked symbol, a randomly chosEmahked symbol from any client, and 7
randomly chosen offspring who have just undergaonesover and mutation. To
maintain continuity in the number of symbol desigearched from one participant
session to the next, the algorithm repeats umib&imum number of generations

specified at the start of each experiment is reéche

Mutation Step 1. Some solutions are chosen for timuntdoased on specified
mutation probability.

Oy Lplpe[ps|pe|ps|ps|pr]ps]po]puopulpu]

Mutation Step 2: Select 1 point at random [1,1@miutate— 7

Ol |P1|pz|pa|p4|p5|pe| |p8|p9|p10|p11|l312|

Mutation Step 3: Replace selected variable’s vaheayith randomly chosen
value from that variable’s range;*p

Ol* |p1| p2| p3| p4| p5| p6| |p7*| | p8|p9|p10|p11|p12|

Figure 16 lllustration of single-point mutation.
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Encoding the DIGA Genotype for Warning Symbols

Two implementations of the DIGA algorithm were deped, each
implementation capable of designing a differenésa$ymbol. Based on the procedure
performed in Chapter 4 of this dissertation, theniveg referents “Hot Exhaust” and “Do
Not Touch with Wet Hands” were selected. Evolusigncomputation involves both
solution encoding into a genotype and decodinganptenotype. In this case, the
solution phenotype for each implementation is ttaphgical symbol presented to the
participant on the client side of the system. Heasvein order for the server side of the
algorithm to perform its computations, the soluthoast be encoded into its genotype.

To ensure that the DIGA produces symbols represeataf the design
participants wishes from the previous experimdrd,drimary design variables
determined by the clustering process (Chapter BleT®), such as “flame” or “pipe” for
Hot Exhaust, are included in the phenotype. Howehe design parameters themselves
must be converted to a range of realistic pararmeteeturning to the participants’
symbol drawings and expert panel analyses presan#&ppendices 4.5 and 4.6, the
range of each primary design parameter was detednifrom a review of this
information, the solutions for each DIGA implemdita were encoded as vectors of
integer values shown in Figure 17. The design patars, their description, their ranges

and their resolutions between adjacent valuesrasepted in Tables 11 and 12.

Hot Exhaust: | P1 | P2 | P3 | P4 | Ps | Ps | p7 | Ps | P9 |p10|p11|p12|

Do Not Touch with Wet Hands:| G | Y2 | Ys | G4 | As | Ye | 47 | ds | Yo |q10|q11|q12|q13|

Figure 17 Genotype encoding of both symbol phenotypes.
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Table 11.

Design Parameters of the Hot Exhaust genotype.

Parameters Description Range Resolution
P1 Size of the Flame (width in pixels) [20,70] 10
P2 Horizontal position of Flame (pixels) [60,440] 20
P3 Vertical position of Flame (pixels) [60,400] 20
Pa Diameter of the Pipe (pixels) [20,100] 10
Ps Length of the Pipe (pixels) [25,65] 5
Ps Angular Orientation of Pipe (degrees) [0,360] 30
p7 Breadth of Pipe Spray (pixels) [5,65] 5
Ps Length of Pipe Spray (pixels) [25,65] 5
Po Pipe Visibility Toggle (on/off) [0,1] 1
P1o Spray Visibility Toggle (on/off) [0,1] 1
P11 Flame visibility Toggle (on/off) [0,1] 1
| Type of Spray Lines (dashed, dotted, solid, wavy) [1,4] 1
Table 12.

Design Parameters of the Do Not Touch with Wet Hagehotype.

Parameter Description Range Resolution
(o} Size of the Hand (width in pixels) [50,120] 10
a2 Angular Orientation of Hand (degrees) [0,360] 30
as Size of the Water Droplets (width in pixels) [20,80] 10
Q4 Size of the Faucet (width in pixels) [20,60] 10
as Horizontal Position of Faucet (pixels) [50,240] 10
Js Vertical Position of Faucet (pixels) [50,150] 10
a7 Diameter of the Prohibition Symbol (pixels) [30,100] 10
ds Hand visibility Toggle (on/off) [0,1] 1
do Droplet Visibility Toggle (on/off) [0,1] 1
Q10 Faucet Visibility Toggle (on/off) [0,1] 1
Q11 Prohibition Symbol Visibility Toggle (on/off) [0,1] 1
Q12 Type of Hand (flat palm, reaching, pointing) [1,3] 1
Qi3 Type of Prohibition Symbol (circle/slash, circle/x, lone x) [1,3] 1

The genotype described above for “Hot Exhausttipoes a search space that

includes 12 parameters and more than 8.2°pdssible solutions. Similarly, the “Do
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Not Touch with Wet Hands” genotype includes 13 paeters and more than 4.6 x°10
possible solutions. By developing first the phgpet then the genotype, based on
participatory design methods rather than on sirtipdyinsights of the researchers, the
search space for each of these referents has bastrtained by more representative

boundaries.

Methods
Objectives and Hypotheses

The objectives of these three experiments areterchine whether a DIGA can
be used by novice participants to develop and ageverarning symbol designs and to
compare symbols designed by DIGA with those desidrnyemore traditional methods.
The hypotheses of the experiment are:
Hypothesis 1:There is no significant difference between sulsjatthe coefficient of
variation of symbol parameter values of favoritebpls between the first and final

generations.

o o .
Ho: — —Set = ~GenX0 for all design parameters and all referents
:uGenl /'IGenZO

g g
Hy: Gerl ~, ~ Gen20

/'IGen]. :uGenZO

for all design parameters and all referents

Hypothesis 2:There is no significant difference in the prefeenanking between DIGA

designed symbols and Focus Group designed symbols.
Ho: Poica = Prc

Hl: Poica 7 Prc
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Hypothesis 3:There is no significant difference in the prefeenanking between DIGA

designed symbols and published symbols.
Ho: Poica = Ppublished

Hi: Phbica % ppublished

Hypothesis 4 There is no significant difference in the prefeenanking between DIGA

symbols when stratified by country of origin.
Ho: Pwmuti = Pu.s. = Pindia = Pchina

Hi  Puui # Pus # Pindia ® Penina
Experiment #1 — DIGA

Subjects.The DIGA algorithm is modeled after the focusigranethod of
participatory symbol design proposed by MacbethModoney and Macbeth et al.
(1994; 2000). They found that using 6 — 12 pgstats provided enough design
diversity without the process becoming cumbersof@. comparison, Experiment #1
recruited four groups of 12 Auburn University stotdeeach (N=48) to participate in a
DIGA design session, each group representing ardift treatment of the independent
variablecountry of origin Participants were recruited by email to depantieemailing
lists within the university as well as a by fly@ssted on public boards around the
university campus. Each participant was paid $4@wo hours of effort.

Group 1 consisted of a heterogeneous mix of ppéits that included two
participants from China, Turkey, Sri Lanka andth&., and one participant each from
India, Mauritius, Korea, and Chile. Groups 2 —&r@&vhomogeneous groups of
participants who hailed from the same nation. @rdwonsisted of 12 participants from

the U.S. Group 3 consisted of 10 participants findia (two participants withdrew
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before the study began) who were attending gradicieol in the U.S., and Group 4
consisted of 12 participants from China also attegndraduate school in the U.S. All
participants reported at least moderate fluench tie English language, and all
participants were at least 19 years of age.

Experimental ApparatusThe experiment was conducted using a series of
networked computers running the Linux operatingesys The DIGA was coded in the
Javaprogramming language, and the graphical userfateroperated by the participants
is shown in Figure 18. One computer served asdheer and was operated by the
investigators. Each participant performed the @rpent individually on his or her own

client computer, and the participants’ only intei@ts with the system were to select the

EEX
N — From the unranked symbols below, please select the best remaining symbol for the message — 2
| next Generation | Generation 0 ; ‘ Bt |
—— Warning: Hot Exhaust ————

&
— N
M| //\//\\/
‘ Rank [ modity | 1 | ResetRank ‘ Modity | Rank | [ Modry |

F
b

4 m = 5 =
"\
A I
{
3 4

| Rank [ modity | Rank | [ wodity 2 | ResetRank | | Modity_| =

Figure 18 Client interface for Hot Exhaust operated by Biarticipants.

81



“Rank” button to rank a symbol as the best symbuolaining, to “Reset Rank” if a
mistake was made, and to submit the “Next Generatten all symbols were ranked.
The “Modify” button was used by the investigatordyowhen an error was made.
Protocol. Prior to participating in the experiment, each iggrant reviewed the
information letter approved by the Auburn UniverdRB (Appendix 5.1) and read and
completed the research instruction form (Append®.5The investigators also read the
instructions aloud in English and fielded questiand requests for explanations of the
warning referents. Participants were assignedaianseats in the research lab, and each
was instructed on the operation of the DIGA prograiithout consulting other
participants, each individual first ranked the Is3shbol displayed on the monitor for the
initial generation, and then they ranked each ssiee “best remaining” symbol. When
all nine symbols in the initial generation werek®dh in this manner, the individual
clicked the “Next Generation” button and waiteddstivery of the next generation of
symbols for evaluation. Once all members of theeeimental group had submitted their
generation of symbols in this fashion, the DIGAgassed them and submitted a new
generation to each participant for evaluation. agak2001) recommended a maximum
of 10-20 generations for interactive evolutionapynputation to avoid fatigue-related
bias in participant responses. Therefore, afestibmission of the $0generation, the
experiment terminated, and the process was repaated the second referent.
Participants then viewed anonymously the favogtatsol of each participant in the
group, and evaluated them by three methods: corapsitn estimation, a Likert-type
scale of perceived effectiveness, and a rankingast to least effective. Since open-

ended comprehension was not feasible because tt@pants already knew the
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intended meaning, this composite evaluation anabfsould provide adequate
information to determine the most representativelsyl from each DIGA group.
Experiment #2 — Development of Comparison Symbaolghe Focus Group Method

Macbeth et al. (2000) and Pettendorfer and Mordi@al{2006) reported that the
focus group method produced more effective symtiala previous non-IEC methods,
while Dorris (2004) demonstrated that an IEC synd&sign tool could produce symbols
that performed at least as well as those produgedher methods. To provide a means
of comparison, Experiment #2 developed a compasediof symbols using the focus
group method with similar demographic stratificatio Experiment #1.

Subjects Four groups of 12 Auburn University studentshe@t=48) were
recruited using the same emails and flyers for Expent #1, each group again
representing a different treatment of the indepetdariablecountry of origin
However, 11 participants withdrew before completing experiment. Group 1 consisted
of a heterogeneous mix of 10 participants (twoip@dnts withdrew) that included three
participants from the U.S., two participants eacif Turkey and Korea, and one
participant each from India, Zimbabwe, and Japaroups 2 — 4 were homogeneous by
country-of-origin. Group 2 consisted of 12 pagamts from the U.S. Group 3 consisted
of six participants from India (six withdrawals) wkvere attending graduate school in
the U.S., and Group 4 consisted of nine particpéam China (three withdrawals) also
attending graduate school in the U.S. All paracits reported at least moderate fluency
with the English language, and all participantseVEd years of age or older. Each

participant was paid $40 for two hours of effort.
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Experimental apparatust-or the first portion of Experiment #2, participeimere
assigned to random seats in a conference rooneatidwas provided a pencil, a pen
and a blank page for drawing a symbol (See Appebdx After completion of the
drawing, the hand drawn symbols were scanned amekcied into electronic images and
a Smartboard 600i digital whiteboard was used &duate the drawings.

Protocol. Prior to participating in the focus group phas¢hef experiment, each
participant reviewed the approved information letfgppendix 5.1), read and completed
the research instruction form (Appendix 5.2). Tistructions were also read aloud in
English by the investigator, and questions andestgufor explanations of the warning
referents from the participants were fielded. iPgrants were assigned random seats in
the research lab, and each was provided sever@scopthe blank symbol drawing form
for the first referent (chosen at random). Withocomsulting other participants, each
individual sketched a simple drawing of a symbailt ghortrayed the referent without
using words. After all participants had completieeir drawings, the symbols were
scanned and converted to an electronic image.paheipants then introduced
themselves to one another and selected a modé@atoamong the group. The
moderator presented the symbol drawings anonymaunslysolicited feedback from the
group, while also providing feedback on the synd®digns herself. The best ideas were
recorded, and one participant was nominated tablafinal consensus symbol drawing
based on the group’s collective preferences. mhestigators were present during this
process to answer questions and assist with armgms that arose, but they avoided
direct participation in the focus group. Oncedheup consensus symbol was designed

and saved, the process was repeated with the seefament.
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Experiment #3 — Comparing DIGA and Focus Group Syatd®

Subjects.To compare the symbol designs, 501 participantg wesruited using
the Amazon Mechanical Turk anonymous electronik tasruitment system which
recruits respondents globally via requests forséesce. One hundred participants
withdrew before completing the experiment, resglima completion rate of 80%. The
countries of origin represented by the 401 pardictp who completed the survey
included 249 from the U.S., 105 from India, 11 fr@anada, 5 from the U.K., 4 from
China, 3 from Nigeria, 3 from The Philippines, @rfr Mexico, and 18 participants from
18 other countries. All participants reported nratie fluency with the English language,
and all participants were 19 years of age or old&ach participant was paid $0.10 for
their efforts.

Experimental Instrument-or Experiment #3, an electronic survey was designe
that included symbols placed in a photographicextrappropriate for their hazard.
Since the DIGA and focus group symbols would als@@mpared along side of
previously published symbols, a graphic artist emamployed to standardize the designs
(Dorris, 2004) based upon published design critgMSI, 2007a; 1ISO, 2003). A sample
symbol design with context was presented firstpfeéd by comprehension questions
inquiring of the precise meaning of the symbol treimost appropriate response action
that should be taken. Photographic context wasiavided for the eighteen actual
symbols, and similar questions were asked. Ppatits were randomly assigned to only
two of the eighteen contextualized symbols for eatibn, one from each referent, so that
previous experience with that referent would nasliheir responses. The final portion

of the survey included a single presentation oérsymbols for each referent: four
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produced by the DIGA, four produced by the focusugrmethod, and one already in use.
One final question asked participants to selectymebol for each referent which most
effectively communicates its intended message.nipkas of the comprehension
guestions with context and of the comparison ramkiortions of the survey are located

in Appendix 5.4.

Protocol. Each participant recruited by Amazon MechanicakTwas directed to
SurveyMonkey.com to complete only a portion of évaluation survey. Respondents
were asked to provide their country-of-origin ahd tate, but not the month or year, in
which they were born. This date was used as agate to approximate a uniformly
distributed random variable to assign respondendgsportion of the survey since the
survey software in SurveyMonkey.com does not prewther means of partial
assignment of survey portions. Each participarg dieected first to a sample symbol
design with photographic context and asked to gipeecise meaning for the symbol as
well as a response action that should be takerticipants were then shown the actual
symbol meaning as well as an appropriate respofisen, one random symbol for each
referent was shown to the participant with photpbra context, and the same questions
were asked. Finally, for each referent, participamere shown the four symbols
designed in Experiment #1, the four symbols designdxperiment #2, and a symbol
design already in use, and they were asked totdbkesymbol that they feel is most
effective at communicating the intended messageowitknowledge of the source of

each symbol.
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Figure 19 Best “Hot Exhaust” symbols from each DIGA group.
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Figure 2Q Best “Do Not Touch with Wet Hands” symbols froach DIGA group.
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Results

The symbols produced by DIGA Groups 1-4 of Expenti&l are found in
Appendix 5.5. Each symbol was evaluated usingtimeposite analysis discussed in the
previous section by its design group, and the &popming symbols from each group
are presented in Figures 19 and 20. A summaryeofdsults of these evaluations are
listed in Table 13.
Table 13.

Composite evaluation results of the best symbadgh DIGA design group

Design Quality Rating Comprehension Subjective
Group (1-7)* Estimate* Rank
Multinational 5.75 (1st) 81.25% (1st) 6.5
Exﬂgfjst u.s. 5.25 (1st) 74.58% (2nd) 3
Indian 5.60 (1st) 76.00% (1st) 2
Chinese 5.25 (1st) 78.33% (1st)
20 N?]t Multinational 5.00 (1st) 60.00% (1st) 1
ouc 0
with Wet us. 5.50 (1st) 78.75% (1st) 1
Hands Indian 5.50 (1st) 74.50% (1st) 1
Chinese 5.50 (1st) 75.83% (3rd) 1

* Parenthetical ranks are in comparison to othertsyls produced in the same group.
Though Takagi (2001) recommends a limit of 10-2@egations to avoid
participant fatigue, this recommendation does margntee that the algorithm has begun
to converge. To demonstrate convergence, Figures@ 22 plot the number of times
participants selected a new favorite symbol (oenfl a better design) across all
participants in a particular design group for eafhrent. In the first few generations, it
was not uncommon for more than half of the paréinig to find a new favorite symbol in
a given generation. In each case, however, theitmof design changes per generation

decreases, though not necessarily to zero.
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DIGA Group 1 - Multinational DIGA Group 2 - U.S.
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Number of New Favorites

Generations Generations
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.

Number of New Favorites

Generations Generations

Figure 21 Convergence of “Hot Exhaust” algorithm basedchamber of times a

participant selected a new best symbol per geerati

One-tail paired t-tests were performed to determihether a significant
reduction in symbol diversity occurred betweenttgranked symbols of each
participant from generation 1 to generation 20e Thefficient of variation (CV) was
calculated for each design parameter, since theg ary different ranges, to normalize
the variance, and the CV of each parameter wagifaugeneration 1 and at generation
20. Table 14 summarizes the paired t-tests fdn eathe eight trials. Only two trials did
not result in a significant decrease in the cosdfitof variance between the highest

ranked symbols of each participant from the fiosthie final generation.
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DIGA Group 1 - Multinational DIGA Group 2 - U.S.
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Figure 22. Convergence of “Do Not Touch with Wetnds” algorithm based on number

of times a participant selected a new best syméogpneration.

Table 14.
Convergence analysis of one-tail paired t-tesisstes comparing the coefficient of

variation of the first and final generations betwsebjects for each DIGA trial.

DIGA Design Groups

Multinational U.S. Indian Chinese
(n=12) (n=12) (n=10) (n=12)
Hot 2.13 1.20% 3.96 3.31

Exhaust (p=0.028) (p=0.128) (p=0.001) (p=0.003)

To?;?:r':l\?vtith -0.36% 2.53 1.87 1.98
Wet Hands ~ (P=0-362)  (p=0.013)  (p=0.042) (p=0.036)

* Indicates results that were not significant atahe 0.05 level.
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The symbols produced by the focus group particgpanExperiment #2 served as

a control for comparison to the DIGA symbols. Aldaional control symbol for each

referent found in the literature was also includ&tie focus group symbols are shown in

Figures 23 and 24, and Figure 25 contains the pusiy published symbols.
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Chinese Group

Figure 23. Draft and final focus group symbols‘idot Exhaust”.
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Figure 24. Draft and final focus group symbols“‘@o Not Touch with Wet Hands”.
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Hot Exhaust Do Not Touch with Wet Hands

N

Figure 25 Previously published manufacturer’'s symbol fdot Exhaust” (Lewis,

2008) and ISO symbol for “Do Not touch with Wet Hah (ISO, 2004).

A one-way Analysis of Variance (ANOVA) revealed tisggnificant differences
existed in the ranking of the symbols by the evidmasurvey participants (N=401).
Tukey HSD multiple comparisons analysis revealed Hot Exhaust symbols DIGA-
Group4, FG-Groupl and FG-Group2 were preferredfgigntly more frequently than
the other symbols. Similarly, Do Not Touch with #&ands Symbol FG-Group2 was
preferred significantly more frequently than theess. The ANOVA and Tukey HSD
results are shown in Tables 15 and 16.

Table 15.

Results of ANOVA and Tukey HSD analysis for “HotHaust” Symbol Evaluations.

Symbol % Subsets of Equivalent Symbols (a = 0.05)
Preferred 1 2 3 4 5

HE DIGA Chinese 23.2% X X

HE FG U.S. 22.2% X X

HE FG Multinational 19.7% X X X

HE FG Indian 14.2% X X X

HE FG Chinese 11.0% X X

HE DIGA U.S. 4.2% X

HE DIGA Indian 2.5% X

HE DIGA Multinational 1.8% X

HE Manufacturer's 1.2% X
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Table 16.

Results of ANOVA and Tukey HSD analysis for “Do Niaduch with Wet Hands”

Symbol Evaluations.

Symbol % Subsets of Equivalent Symbols (a = 0.05)
Preferred 1 ) 3 4 5 6 7 38

WH FG U.S. 32.4% X

WH ISO 19.0% X X

WH FG Multinational 16.2% X X X

WH FG Chinese 11.2% X X X X X

WH DIGA U.S. 8.5% X X X X

WH DIGA Chinese 5.2% X X X X

WH FG Indian 4.7% X X X X X

WH DIGA Indian 2.5% X X X X

WH DIGA Multinational 0.2% X X X

Discussion

Interactive evolutionary computation must balavee tompeting constraints
when human judgment serves as the fitness evatustialesign solutions. Like any
form of evolutionary computation, the convergenetgity (Back, Fogel, &
Michalewicz, 2000) must be gradual enough to allomadequate diversity of designs
and exploration of the search space (Dumitrescezérni, Jain, & Dumitrescu, 2000).
However, Takagi (2001) insists that fatigue canrseind degrade the design process if
convergence takes longer than 10-20 generatioigairds 19 and 20 suggest that the
DIGA did not converge too quickly since many newtleolutions were being discovered
well after the 18 generation in all 8 trials. Furthermore, the alipon successfully
converged to near zero (2 or less) best symbohcephents in three of the eight trials.
However, in the other trials, the DIGA did not puoe consistent near zero symbol

replacements by generation 20, though the numbeptdicements was decreasing in all
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but one trial. This finding implies that it is [®ilsle, but not necessarily probable, that the
DIGA can come to convergence between generatiorZ0X0r symbol referents similar
to those tested. The fact that two of the threeveqging trials occurred among the two
U.S. groups of participants may suggest that faatelated to the participants, not just
the algorithm, affected convergence. Further iogtions that participant related factors
might affect convergence likelihood arise from tiservation that the poorest
convergence occurred in the two homogeneous Inghgiicipant trials. In addition to
the country-of-origin factor, these two trials waiso the only trials that differed in
number of participants (i.e. 10 participants indtef12). Thus, there may also be an
association between the size of the participanigiend the rate of convergence.
Finally, a 0.10 mutation probability was utilizedall eight trials, and it is certainly
possible that this parameter, or the two-pointsosaer method used in each trial, could
be adjusted to optimize convergence velocity.

Despite these considerations, six out of eight symproduced by these
experiments were shown to have converged betwatinipants with significantly less
diversity between each participant’s favorite syhdigyeneration 20 than at generation
1. This implies that the symbol chosen by the grasimost comprehensible following
the design session represents well the group’sec@os design ideas since they were
converging well at the end of the experiment. Cegain, it is possible that an
association exists between country-of-origin areddbnvergence of the participant’s
symbols over time; but if so, it is not an obvi@ssociation. The two trials which failed
to significantly reduce symbol diversity over trmucse of the 20 generations were not

found within the same demographic stratum nor #meeswarning referent. Further
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investigation is necessary to determine the diststgng factors between the
significantly convergent and non-significantly cengent results.

For the “Hot Exhaust” referent, a DIGA-producedndpl (DIGA-Group 4) was
found to be more preferred, along with Focus Grbamd Focus Group 2 symbols, than
the others, including the manufacturer’'s symbotenity in use. It should be noted that
no design or evaluation information was publishétth whe manufacturer’s symbol, so
there is no way to know if it was designed and eatd according to ANSI or ISO
testing standards. In addition, the remaining G®produced symbols, along with the
FG-2 symbol, were statistically least preferredhe3e results suggest that it is possible to
design a symbol using a distributed interactiveegjeralgorithm that is understood at
least as well as symbols designed by other melams also possible to produce a symbol
from a DIGA design experiment that is perceivetieéanferior to symbols designed by
other means. The statistical difference betweerDiGA-Group 4 symbol and the other
DIGA symbols implies that the design parameterstegiin the algorithm to produce a
viable symbol. However, since the algorithm cogeerupon symbols that were poorly
perceived as well as on symbols understood wethbyevaluation group, it seems that
local rather than global optimums were sometimesdo More investigation is
necessary to determine what design factors in tARxperiment affect the eventual
evaluation results of the symbol it produces. riggéngly, the most preferred DIGA
symbol for “Hot Exhaust” was produced in DIGA Grodifi.e. group of all Chinese
participants), which did not appear to be convaygmnear zero changes of favorites at
generation 20 according to the plot of best syncbahges vs. generation number shown

in Figure 20.
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For the “Do Not Touch with Wet Hands” referente ttymbol from Focus Group
2 was preferred far more frequently than the othatts nearly a third of the evaluation
participants selecting it as the most compreheasibi this case, the four DIGA-
produced symbols performed poorly. Among the &@gatrol symbols, only the Focus
Group 3 symbol was preferred by fewer people tharbest of the DIGA symbols, and
three of the control symbols (FG-2, ISO, and FGéjenstatistically more preferred than
all of the DIGA symbols. The poor performancets DIGA for this referent is not well
understood. However, one potential cause is ttlesion of the “Circle and X”
prohibition symbol, in addition to the traditiori&@ircle and slash” symbol. Although
this variant of the prohibition symbol was foundo® a valuable addition in to the
attribute matrix during the semantic annotatiorcpss (see Chapter 4 of this
dissertation), it may produce a negative effecsymbol effectiveness since it appears in
three of the four least preferred symbols. A niegatffect associated with the “X”
portion of this prohibition symbol would be consist with findings in the literature
which suggest that prohibitives that obscure thaegenthe least are typically the most

preferred (Murray, Magurno, Glover, & Wogalter, 89%hieh & Huang, 2003).

Conclusions

Developing warning symbols using a distributedriatéive evolutionary
algorithm can be an effective means of engagingrde& participants in sharing designs
without the need for verbal communication. Theeskpents conducted in this study
have demonstrated that convergence is possibleit@-20 generations for which

human participants can be expected to contributgments meaningfully. However, the
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experiment also revealed that the DIGA can be isistent in its convergence and the
symbols it produces, potentially due to both pragrang decisions within the algorithm
as well as personal factors associated with thigcpzants.

Several limitations in this experimental protoca aoted. First, several factors
which may have a large impact on the convergentleeoDIGA as well as the content of
the final designs were not allowed to vary in gxperiment. The mutation probability
can have a large impact on the convergence velasityell as the diversity of the
solutions, especially in the early generationsselRech should be performed to determine
whether there an optimal value or set of valuesHisrand other DIGA parameters. In
addition, only a maximum of 12 participants wetdewéd to interact with the DIGA in a
given trial. A larger cohort of participants wouldve been able to search a larger
percentage of the design space, potentially dewredapore diverse symbol designs.
Finally, the evaluation survey did not use openeehcbmprehension testing, the best
approach for assessing the ability of a symbobtomunicate its message. This
limitation was primarily due to the 50 unique exahrs recommended per symbol
variant for a given referent, and the need to cepdi this evaluation in three countries.
For nine variants, this would require 1350 partcits, 450 in each of three countries.
Although this quantity of human participation wasybnd the capacity of this research,
future investigation into the comprehension of Diadduced symbols should attempt

to employ this evaluation technique.
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CHAPTER 6
CONCLUSIONS
I ntroduction

Participatory design of safety warning symbols pragjressed from the early
days of the designer’'s method with very little useolvement to the production method
of generating many symbol candidates from user-driavages to the focus group
method that allows users to analyze designs amrdigte a consensus symbol.
Unfortunately, not all of the benefit of participag design is captured when the
designers must intervene in the content developmeaesign reduction portion of the
process or when the challenge of overcoming ppetitti diversity discourages the
adequate sharing of ideas. However, since compsatre of and compliance with
warning symbols depends significantly on their gesthere is a significant need to
improve the participatory design of warning symiolsncrease the likelihood of
effective communication to those who need this irtgrd protective information.

In essence, the design of symbols constitutesralséask of all symbol design
possibilities (both real and hypothetical) to detiere the most effective. Given the
incredibly broad scope of possible symbol designsfgiven warning referent, various
techniques have been proposed to bound this sepacte, either by developing a short
list of candidate symbols or by evolutionary congtainal searches using predetermined
graphical search boundaries. Evidence existdhleaibcus group method performs

better than other methods at producing comprehlensylmbols. It has also been shown
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that interactive evolutionary computation can pr@aymbols of similar quality to more
traditional methods for users of diverse cultural aational demographics. The aim of
this study was to remodel the top performing tiaddal symbol design method (i.e. the
focus group method) using distributed (i.e. mulnsnteractive evolutionary

computation that was designed based on user-catedtsearch boundary criteria.

Summary of Findings
Three primary experiments were performed in théselitation. First, in order to
ensure that the proceeding distributed interagasmetic algorithm (DIGA) symbol
design method could be tested on symbol referbatsaere considered both easy and
difficult from which to design a symbol, a relati\@ase of conversion” factor was
defined using a perception survey. Next, an erpani was conducted to define the
search parameters to be made available to the i#xamining and clustering hand
drawn versions of the symbols to be designed. lllyirthe DIGA experiment allowed
participants to interact with the distributed gématgorithm to propose ideas, share them
with one another, and receive new symbol ideas tf@rsystem. The final symbols
produced in this experiment were compared to syspadduced by the focus group
method and to symbols currently in the field.
The findings of the research are summarized below.
1. Survey participant perception can be used to deval@anked list of referents with
regard to their ease of conversion from writtennirag referent to graphical symbol.
New and existing symbol design methods should béuated based on their ability

to produce quality symbols from referents both easy difficult to convert.
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2. Similar perceptions of ease of conversion weredfie novice participants as well
as for two groups of safety professionals, tholghgerceptions of these groups were
not statistically identical. Certified Safety Reesional and non-certified members of
the American Society of Safety Engineers did haeatical perceptions of warning
referent difficulty, while a novice group of unigtlly students differed in their
perceptions by a small, yet statistically significamount. It appears that the
experience gained from working as a safety prodesdiaffects the perception of
warning referents significantly, though not to sactiegree as to invalidate the
perceptions of others.

3. Hand-made drawings of safety symbols can be andlyye three-member panel to
transform the set of graphical images to a setradrly attribute matrices. The
attribute matrices completely define the gross attaristics of each symbol drawing.
Agreement between panelist evaluations was high%»9

4. When the symbol attribute matrices are cluster@tgus simple K-means clustering
algorithm, the centroidal characteristics of eaghtsol cluster creates a reduced set
of symbol attributes capable of completely definihg gross characteristics of each
cluster of symbols. In this way, general concdiuns of symbol designs can be
identified for each safety referent without havingsort the symbols into themes by
human judgment alone, as has been required byquedesign methods.

5. Distributed interactive genetic algorithms can Bedias a substitute for the focus
group method of symbol development that does roptire communication in a
common language between participants. In gent@klgorithms demonstrated

solution convergence for 10-12 participants afteg@nerations, which falls within
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the recommendations for both interactive evolutigramputation and for symbol
design in groups.

. Convergence appeared to differ between the easynieert referent (“Hot Exhaust”)
and the difficult to convert referent (“Do Not Tduwith Wet Hands”). The more
difficult referent followed an interesting profildecreasing in diversity during the
first 10 generations and increasing in diversitgiagluring the last 10 generations,
regardless of participants. However, the easfereat either increased or decreased
with a linear trend across all 20 generations, depg on the demographics of the
participants.

. Convergence of the DIGA algorithm appeared to ddmencountry of origin. The
rate of selection of new top symbols decreased magielly among Multinational and
homogeneous U.S. experimental groups than it dildonogeneous Chinese and
homogeneous Indian groups, when compared acrossiaibol referents.

. One of the symbols designed by the DIGA methodHereasier safety referent, “Hot
Exhaust”, received the highest preference rankingmcompared to eight other
variants, and it was statistically tied for thetregt ranking with two symbols
designed via the focus group method. All four DI&Anbols were preferred over
the currently used manufacturer’'s symbol. Thisliegpthat the DIGA is capable of
producing symbols for easy to convert warning ixfiés that are at least as effective
as other current methods. However, the DIGA symsibdekigned for the more
difficult referent, “Do Not Touch with Wet Handsdjd not perform well in
comparison to symbols designed by other meansydima the currently published

symbol. For more difficult referents, modificatito the search strategy, such as
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local searches or extended DIGA sessions, may &geaeto ensure a quality design.
This also reinforces the need to evaluate warrefgrents for ease of conversion and

to ensure that design methods function adequatelglif difficulty levels.

Limitations of the Resear ch
The key limitations of this research are describeldw.

1. The ease of conversion factor attempted to asodhaiperceived difficulty a survey
respondent would have in attempting to producengbsy from a written safety
referent. However, the study did not attempt tadade the authenticity of this
difficulty estimate, and the respondents were s&ed to actually attempt to produce
any symbols to verify whether their perception \&esurate.

2. The participatory design strategy of ascertainymglsol design criteria from actual
participant symbol drawings involved only two demagghic strata: U.S.-born and
Indian-born students attending college in the Seagtern United States. To build
confidence that the semantic annotation and at&imatrix clustering processes
produced symbol clusters representing adequate gtaplaic diversity, additional
drawings should be analyzed from other region&rimational and cultural groups.

3. Only one replication of the DIGA experiment wasfpaned with each research
group and referent. This study did not attemph&asure whether similar designs
were repeatable by the same individuals in a setraadr whether a learning curve
effect would alter the convergence velocity in ecsel trial.

4. The DIGA parameters and algorithm design decisiogi® held constant during the

experimentation. It is likely that adjustmentghese parameters and to the algorithm
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design could significantly affect performance o g#ystem with regard to
convergence and to the diversity of the searchespaplored.

. Though the DIGA demonstrated good convergence ist tnials, the final generation
still resulted in separate designs for each padit which necessitated a vote by the
group members to determine which final symbol waédve as the group’s design.
A method within the algorithm of selecting a remstive design out of the final 12
candidates should be pursued.

. The best approach for assessing the ability of gysio communicate their
messages, open-ended comprehension testing, waseattn this research, primarily
due to the sample size needed to test nine synabiaints according to ANSI and

ISO specifications. The combined method of prefeeeranking, comprehension
estimation and quality rating, while diverse, slibioé supplemented with open-ended
comprehension testing with context cues to ensaeltoth the DIGA and Focus

Group symbols are adequately evaluated.

Recommendations for Future Research

Several opportunities for future research haveearfrom this study. First, a

validation study to determine the accuracy of theeeof conversion factor with regard to

predicting the difficulty of producing a graphicimbol from a written warning referent

should be undertaken. Such a study should rgeaditcipants similar to those surveyed

in this research to draw sets of symbols matchieg¢ferent pairs compared in the

current survey. In addition, research shoulddredacted to validate the robustness of

the attribute matrices defined from the U.S. ardidn research participants. Analyzing
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symbol drawings produced by participants from addél demographic groups for the
same symbol referents without heed to the prewodsfined symbol attributes should
produce a parallel attribute matrix for each symbithese parallel attribute matrices
should then be compared to determine if they asdymts of statistically equivalent
populations. Furthermore, additional replicatiohghe DIGA design experiment are
recommended to test the effect of replication, @llgo and parameter adjustments on
the performance of the system. Another researet mvolves the exploration of means
with the DIGA algorithm to narrow multiple “finaleigns” to a single consensus. While
the algorithm itself converges towards a final gasthe diversity remaining in the final
generation makes declaring a consensus symbaiuttfi Finally, symbols designed by
distributed interactive genetic algorithms shoutdidssted according to ANSI and 1ISO
standards, including open-ended comprehensiomgggt fully determine their

effectiveness.
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APPENDIX 3.1

Survey of ease of conversion from written refetergraphical symbol for nine referents
compared pair-wise.

1. IRB Approved Information Letter

Aubum University
Samuel Ginn College of Engineering

Department of Industrial and Systems Enginesring
Principal Investigator: Adam Piper

(334)844-1415 - piperak@aubum.edu

3301 Shelby Center

Faculty Advisor: Dr. Jerry Davis

(334) 844-1411 - davisga@auburn.edu

Fax: (334) B44-1381

(MOTE: DO MOT AGREE TO PARTICIPATE UMLESS AN IRE APPROVAL STAMP WITH CURRENT DATES HAS
BEEM APPLIED TO THIS DOCUMENT.) IRE Approval # 08-170 EX 0807

INFORMATION LETTER
for & Ressarch Study entitled "Perception of Difficulty in Crawing Warning Symbaols”

You are invited to participate in a research survey to study the difficulty of drawing warning symbaols for
written messages. The study is being conducted by Adam Piper, under the direction of Dr. Jermry Davis in
the Auburn University Department of Industrial and Systems Enginsering. You were selected as a
possible participant because you are an ISE student, you are an ASSE member, or you hold a BCSP
certification AND you are age 19 or older,

What will be involved if you participate? If you decide to participate in this research study, you will be
gzked to complete a short survey companng the difficulty of converting textual warning messages to
symbaols. Your total time commitrment will be approximately 10-15 minutes.

Are there any risks or discomforts? Mo reasonable nsks are foreseen with regard to your participation in
this research; however, extra precaution will still be made to ensure that zll data is recorded
anonymously and that vou may end your participation in the survey at any time.

Are there any benefits to yourself or others? You may increase your familiarity with safety warning
messages which could increase your comprehension of important safety waming signs encountered in
the future.

If yvou change your mind about participating, vou can withdraw at any time during the study. Your
participation is completely voluntary. If you choose to withdraw, your data can be withdrawn as long as
it is identifiable. Your decision about whether or not to participate or to stop participating will not
jeopardize your future relations with Auburn University or the Department of Industial and Systems
Engineering.

Any data obtained in connection with this study will remain anonymous, Survey responses cannot be
traced to individual participants; therefore your privacy and the data you provide will be protected.
Information collected through vour participation may be published in a professional journal and/or
presented at a professional meeting.

If yvou have questions about this study contact Adam Piper at (334) 844- 1415 or piperak@auburn.edu ,
or O, Jerry Davis at (334) 844-1411 or davisga@auburn.edu.

If yvou have questions about your rights as a research participant, you may contact the Auburn
University Office of Human Subjects Research or the Institutional Review Board by phone (334)-844-
5966 or e-mail at hsubjec@auburn.edu or IRBChair@auburn.edu,

HAVING READ THE INFORMATION ABOWE, YOU MUST DECIDE IF YOU WANT TO PARTICIPATE IM THIS
RESEARCH PROJECT. IF ¥OU DECIDE TO PARTICIPATE, PLEASE CONTIMUE WITH THE SURVEY ENTITLED:
“Difficulty in Drawing Safety Symbols”
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FOR A COPY OF THIS LETTER TO KEEP THAT INCLUDES THE OFFICIAL IRB-APPROVED SEAL, FLEASE
EMAIL THE INVESTIGATOR AT THE ADDRESS BELOW.

Adam Piper, Investigator
piperak@aubum.edu
Dated 6/15/2002
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2. Introduction and General Information

The purpose of this survey is to determine if safety messages can be categornized into groups based on
how difficult they are to convert into pictures or symbols. A& warning is a message, often found on a sign
or label placed near the location of a hazard, that communicates important safety information. Symbaols
are often uzed to communicate thiz safety information as a supplement to, and sometimes in place of,
written messages.,

This research will assist in the development of a method for producing these warning symbols. In order
to develop 2 method of producing good quality symbals, we must first ensure that we can test the
technigue on both easy-to-draw and difficult-to-draw symbals. Your participation in this research will
make it possible to evaluate 2 new symbol design technique on both difficult and easy messages.

Your rale in this study will be to examing pairs of written safety messages and then answer the following
question:

"If you were asksd to draw a simple wordless symbal to communicate each of these safety messages,
which one would you think would be more difficult to draw?”

You will be shown 18 pairs of written safety messages one pair &t a time. The messages in each pair will
be labeled, "a" and "b.” Select the message that yvou believe is more difficult to draw as a symbol. If vou
believe that both messages are equally difficult, please select "z and b are equally difficult”. Each zafety
message will have additional information to help you understand when and why such a2 message would be
needsd on a waming sign.

If yvou chanage your mind about participating, vou may withdraw at any time during the survey. To
withdraw, simply close your browser window and your responses will not be recorded.

Thank you for your participation in this research study! Plezze complete the information below before we
begin.

I am (select one)
O Male O Female

My age is between (select one)
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I am (select all that apply)

D Current Auburn Univ. ISE Undergraduate Student D Safety / Ergonomics Professional, non-certified
I:l Current Auburn Univ. ISE Graduate Student I:l ATHA Member

I:I Auburm Univ. Undergraduate Student, Man-1SE I:I ASSE Member

I:l Auburn Univ. Graduate Student, Non-1SE I:l HFES Member

I:l Certified Safety Professional (CSP) I:l 11E Member

I:I Associate Safety Professional (A5F) I:I Safety/Human Factors/Ergonomics Faculty
I:l Certified Professional Ergoenomist {CPE) I:l Faculty, other than Safety/Human

Facters/Ergonomics
D MNone of These

What language do you speak at home most often?

D Associate Ergonoimcs Professional (AEP)

What Country do you consider your "Birth Country™ or "Country of Origin"?
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3. Safety Message Pair #1

Consider each pair of safety messages below and their descriptions. Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Walk down stairs backwards.

(Steep stairways and ladders can be dangerous to descend facing forward,
away from the steps. However, people often try to walk down stairs or
ladders facing out to save time, especially if there are only a few steps. This
symbol might appear on a ladder or at the top and bottom of a steep

industrial stairway.)

b) No access for persons with metallic implants.

(Metallic implants might include repaired joints, metal plates, or medical
sutures implanted in the body. Certain processes can react to metal nearby,
so it is important to prevent those who have these types of implants from
getting to close to these processes. This symbol might be located on a door
or entrance way into a room or area where one of these processes is
located.)

O a is mare difficult o draw O a and b are egually difficult to O B is more difficult to draw
draw
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4, Safety Message Pair #2

Consider each pair of safety messages below and their descriptions, Which message (a or b) will be maore
difficult to draw as a wordless warning symbaol?

a) Steel-toed shoes required.

(Many workplaces require foot and toe protection. Heavy objects which
may fall onto or roll over toes can cause severe injury. This symbol might be
located on a doorway, entrance way or wall in the area where steel-toed
shoes are required.)

b) Disconnect main plug from electrical outlet.

(Many pieces of electrical equipment must be disconnected from their
electrical source during maintenance, when functioning incorrectly, or when
left unattended. This symbol might appear on a piece of electrical
equipment.)

O a is more difficult to draw O a and b are egually difficult to Q b iz more difficult to draw

drawi
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5. Safety Message Pair #3

Consider each pair of safety messages below and their descriptions. Which message (a or b) will be maore
difficult to draw as a wordless warning symbaol?

a) No reaching in.

(There are many locations where placing hands inside an opening can be
dangerous. This symbol might be located on a wall, sign or machine next to
a small or medium-sized opening containing a hazard into which human
hands may be tempted to reach.)

b) Do not touch with wet hands.

(Many processes and products can be dangerous when they become wet.
This symbol might be placed on a product’s label, on an electric machine, or
on a container containing hazardous substances.)

O a is more difficult to draw O a and b are egually difficult to C‘,l B iz more difficult to draw

drawi
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6. Safety Message Pair #4

Consider each pair of safety messages below and their descriptions, Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) No access for persons with metallic implants.

(Metallic implants might include repaired joints, metal plates, or medical
sutures implanted in the body. Certain processes can react to metal nearby,
so it is important to prevent those who have these types of implants from
getting to close to these processes. This symbol might be located on a door
or entrance way into a room or area where one of these processes is
located.)

b) Hot exhaust.

(Many processes and pieces of equipment vent heated air or fumes into the
working environment. It can be dangerous for people or combustible
materials to be placed too close to the exhaust exit point. This symbeol might
be placed near an exhaust vent, pipe or opening.)

() a 15 more difficult to draw () a=nd b are equatly giticuit to - () b is more difficult to draw
draw
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7. Safety Message Pair #5

Consider each pair of safety messages below and their descriptions. Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Steel-toed shoes required.

{(Many workplaces require foot and toe protection. Heavy objects which
may fall onto or roll over toes can cause severe injury. This symbol might be
located on a doorway, entrance way or wall in the area where steel-toed
shoes are required.)

b) Warning: Flooring surface changes.

{Changing from concrete to carpet, from tile to hardwood, or from asphalt
to dirt can significantly affect a pedestrian's ability to maintain his/her
balance, especially if this change is unexpected. This symbol might be
located on a doorway or entranceway or on a sign in the vicinity of the
border between two different flooring surfaces.)

O a is mare difficult o draw O a and b are egually difficult to D B is more difficult to draw
draw
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8. Safety Message Pair #6

Consider each pair of safety messages below and their descriptions, Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Do not touch with wet hands.

(Many processes and products can be dangerous when they become wet.
This symbol might be placed on a product’s label, on an electric machine, or
on a container containing hazardous substances.)

b) walk down stairs backwards.

(Steep stairways and ladders can be dangerous to descend facing forward,
away from the steps. However, people often try to walk down stairs or
ladders facing out to save time, especially if there are only a few steps. This
symbol might appear on a ladder or at the top and bottom of a steep

industrial stairway.)

O a is more difficult to draw O a and b are egually difficult to O B iz more difficult to draw
drawi
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9. Safety Message Pair #7

Consider each pair of safety messages below and their descriptions, Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Warning: Flooring surface changes.

({Changing from concrete to carpet, from tile to hardwood, or from asphalt
to dirt can significantly affect a pedestrian's ability to maintain his/her
balance, especially if this change is unexpected. This symbol might be
located on a doorway or entranceway or on a sign in the vicinity of the
border between two different flooring surfaces.)

b) Confined space; entry by permit only.

(A confined space is a location that isn't designed for human occupancy, has
limited means of entrance and exit, and which may contain hazards from
which escape can be difficult. Entrance to these spaces is tightly controlled
and must not be attempted without approval. However, recognition that a
particular space is a confined space is not always easy. This symbeol would
be located on each entrance into the confined space so that everyone is
aware that it should not be entered unless authorized.)

O a is more difficult to draw O a and b are egually difficult to {_:;l B is more difficult to draw
draw
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10. Safety Message Pair #8

Consider each pair of =afety messages below and their descriptions. Which message (a or b) will be mare
difficult to draw as a wordless warning symbaol?

a) Disconnect main plug from electrical outlet.

(Many pieces of electrical equipment must be disconnected from their
electrical source during maintenance, when functioning incorrectly, or when
left unattended. This symbol might appear on a piece of electric
equipment.)

b) Mo reaching in.

(There are many locations where placing hands inside an opening can be
dangerous. This symbol might be located on a wall, sign or machine next to
a small or medium-sized opening containing a hazard into which human

hands may be tempted to reach.)

O a is more difficult to draw O a and b are egually difficult to O b is more difficult to draw

draw
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11. Safety Message Pair #9

Consider each pair of safety messages below and their descriptions. Which message (a or b) will be maore
difficult to draw as a wordless warning symbaol?

a) Do not touch with wet hands.

(Many processes and products can be dangerous when they become wet.
This symbol might be placed on a product's label, on an electric machine, or
on a container containing hazardous substances.)

b} Steel-toed shoes required.

(Many workplaces require foot and toe protection. Heavy objects which
may fall onto or roll over toes can cause severe injury. This symbol might be
located on a doorway, entrance way or wall in the area where steel-toed
shoes are required.)

:::I a is mare difficult o draw O a and b are egually difficult to C‘,l b iz more difficult to draw

draw

136



12. Safety Message Pair #10

Consider each pair of safety messages below and their descriptions, Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Hot exhaust.

(Many processes and pieces of equipment vent heated air or fumes into the
working environment. It can be dangerous for people or combustible
materials to be placed too close to the exhaust exit point. This symbol might
be placed near an exhaust vent, pipe or opening.)

b} No reaching in.

(There are many locations where placing hands inside an opening can be
dangerous. This symbol might be located on a wall, sign or machine next to
a small or medium-sized opening containing a hazard into which human
hands may be tempted to reach.)

O a is mare difficult o draw O a and b are egually difficult to O b iz more difficult to draw
draw
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13. Safety Message Pair #11

Consider each pair of safety messages below and their descriptions., Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Confined space; entry by permit only.

(A confined space is a location that isn't designed for human occcupancy, has
limited means of entrance and exit, and which may contain hazards from
which escape can be difficult. Entrance to these spaces is tightly controlled
and must not be attempted without approval. However, recognition that a
particular space is a confined space is not always easy. This symbol would
be located on each entrance into the confined space so that everyone is
aware that it should not be entered unless authorized.)

b) walk down stairs backwards.

(Steep stairways and ladders can be dangerous to descend facing forward,
away from the steps. However, people often try to walk down stairs or
ladders facing out to save time, especially if there are only a few steps. This
symbol might appear on a ladder or at the top and bottom of a steep

industrial stairway.)

O a is mare difficult o draw O a and b are egually difficult to [_::l b iz more difficult to draw
draws
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14. Safety Message Pair #12

Consider each pair of safety messages below and their descriptions. Which message (a or b) will be maore
difficult to draw as a wordless warning symbaol?

a) No access for persons with metallic implants.

(Metallic implants might include repaired joints, metal plates, or medical
sutures implanted in the body. Certain processes can react to metal nearby,
so it is important to prevent those who have these types of implants from
getting to close to these processes. This symbol might be located on a door
or entrance way into a room or area where one of these processes is
located.)

b) Disconnect main plug from electrical outlet.

(Many pieces of electrical equipment must be disconnected from their
electrical source during maintenance, when functioning incorrectly, or when
left unattended. This symbol might appear on a piece of electric
equipment.)

Q a is more difficult to draw O a and b are egually difficult to O B iz more difficult to draw
draw
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15. Safety Message Pair #13

Consider each pair of safety messages below and their descriptions, Which message (a or b) will be maore
difficult to draw as a wordless warning symbal?

a) No reaching in.

(There are many locations where placing hands inside an opening can be
dangerous. This symbol might be located on a wall, sign or machine next to
a small or medium-sized opening containing a hazard into which human
hands may be tempted to reach).

b) Steel-toed shoes required.

(Many workplaces require foot and toe protection. Heavy objects which
may fall onto or roll over toes can cause severe injury. This symbel might be
located on a doorway, entrance way or wall in the area where steel-toed

shoes are required.)

O a iz mare difficult to draw O a and b are equally difficult to O o is more difficult to draw
draw
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16. Safety Message Pair #14

Consider each pair of safety messages below and their descriptions., Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Walk down stairs backwards.

(Steep stairways and ladders can be dangerous to descend facing forward,
away from the steps. However, people often try to walk down stairs or
ladders facing out to save time, especially if there are only a few steps. This
symbol might appear on a ladder or at the top and bottom of a steep
industrial stairway.)

b) Warning: Flooring surface changes.

(Changing from concrete to carpet, from tile to hardwood, or from asphalt
to dirt can significantly affect a pedestrian's ability to maintain his/her
balance, especially if this change is unexpected. This symbol might be
located on a doorway or entranceway or on a sign in the vicinity of the
border between two different flooring surfaces.)

O a is mare difficult o draw O a and b are egually difficult to O b iz more difficult to draw
draw
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17. Safety Message Pair #15

Consider each pair of safety messages below and their descriptions. Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Hot exhaust.

(Many processes and pieces of equipment vent heated air or fumes into the
working environment. It can be dangerous for people or combustible
materials to be placed too close to the exhaust exit point. This symbol might
be placed near an exhaust vent, pipe or opening.)

b} Confined space; entry by permit only.

(A confined space is a location that isn't designed for human occcupancy, has
limited means of entrance and exit, and which may contain hazards from
which escape can be difficult. Entrance to these spaces is tightly controlled
and must not be attempted without approval. However, recognition that a
particular space is a confined space is not always easy. This symbol would
be located on each entrance into the confined space so that everyone is
aware that it should not be entered unless authorized.)

O a is mare difficult o draw O a and b are egually difficult to O B is more difficult to draw
draw
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18. Safety Message Pair #16

Consider each pair of safety messages below and their descriptions., Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Disconnect main plug from electrical outlet.

(Many pieces of electrical equipment must be disconnected from their
electrical source during maintenance, when functioning incorrectly, or when
left unattended. This symbol might appear on a piece of electric
equipment.)

b) Do not touch with wet hands.

(Many processes and products can be dangerous when they become wet.
This symbol might be placed on a product’s label, on an electric machine, or
on a container containing hazardous substances.)

O a is mare difficult o draw O a and b are egually difficult to G b iz more difficult to draw
draw
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19. Safety Message Pair #17

Consider each pair of safety messages below and their descriptions. Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Confined space; entry by permit only.

(A confined space is a location that isn't designed for human occcupancy, has
limited means of entrance and exit, and which may contain hazards from
which escape can be difficult. Entrance to these spaces is tightly controlled
and must not be attempted without approval. However, recognition that a
particular space is a confined space is not always easy. This symbol would
be located on each entrance into the confined space so that everyone is
aware that it should not be entered unless authorized.)

b) No access for persons with metallic implants.

(Metallic implants might include repaired joints, metal plates, or medical
sutures implanted in the body. Certain processes can react to metal nearby,
so it is important to prevent those who have these types of implants from
getting to close to these processes. This symbol might be located on a door
or entrance way into a room or area where one of these processes is
located.)

O a is maore difficult to draw O a and b are egually difficult to O b is more difficult to draw

draw
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20. Safety Message Pair #18

Consider each pair of safety messages below and their descriptions, Which message (a or b) will be more
difficult to draw as a wordless warning symbaol?

a) Warning: Flooring surface changes.

(Changing from concrete to carpet, from tile to hardwood, or from asphalt
to dirt can significantly affect a pedestrian's ability to maintain his/her
balance, especially if this change is unexpected. This symbol might be
located on a doorway or entranceway or on a sign in the vicinity of the
border between two different flooring surfaces.)

b) Hot exhaust.

(Many processes and pieces of equipment vent heated air or fumes into the
working environment. It can be dangerous for people or combustible
materials to be placed too close to the exhaust exit point. This symbol might
be placed near an exhaust vent, pipe or opening.)

O a is more difficult to draw C;I a and b are egually difficult to Q b iz more difficult to draw

drawi
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21. Thank Youlll

Thank you for completing this survey. Your input will greatly help in the design of an improved method of
developing effective and comprehensible safety waming symbaols.

For more information on this and other research projects of the Avburn University Occupational Safety
and Ergonomics Lab, please visit our website at

eng.auburn.edu/programs/insy/
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APPENDIX 3.2

Information letter approved by the auburn univegrsistitutional review board for
conducting surveys of ease of referent-to-symbol/ecsion.

Auburn University

Auburn University, Slabama 36849-5140

Samuel Ginn College of Engineering

Irepartment of Principal Investigator: Adam Fper
Industrisl und Systeins Engineering (3540 R 111 — daviszamneburnedy
J300 Shelby Center Faculty Advisor: Dr. Jerey Lravis
Fax: (3243 Bd4- 1351 P33 B 1215 — piprerakieanbaim edy

(NOTE: DO NOT AGREE TO PARTICIPATE UNLESS AN IHB APPROVAL
NUAMP WITH CURREN| DATES [HAS BEEN APPLLIED TO TIHIA
PHCUMENT. |

INFORMATION LETTER
for a Research Srudy entitled
“Perception of Ditfculry o Drawing Warning Symbuls™

You are invited to participate in o research survey 1o study the difficuing ef detraing
warming symbels for wiiten messages. The siudy is being comducted by Adum Piper,
under the ducction uf Dr, Terry Davis i the Avhum §niversity Diepartment of Incustrisl
end Systeie Cngmeenng, You were selecled a5 a possible panicipant becaise vou aze un
I5E student or alumnis ar you hold u CSP cemification and yvou are age 19 or older

What will be involved if vou participate? 10 yon decide o pesticipale i this research
sty you will be esked fo complele a short survey comparing the diffienioy of
convariiog lexlusl waming messeges toosrmbals, Your odal ime comumoment will e
approsimatsiy TO-15 minules.

Are there any risks or discomforts? Mo reesonable rsks wre lorescen with regard to
wour parbiciption o his fesesrch) hpwevar, oot precaution wWill still be mads 1n onaie
Lk eIl dara s recorded anorvmonsly and that vou may end yeur perbicipation in the
SUMVEY A1 ANy Litie,

Are there any benefits t yourself or others? You may increase vour Smiliarity with
suleby waming missapes which conld nciemse wiut eemprehension of ivsportant satily
WAFNINZ & ey eneeantered |2 the [lure.,

[T xyou change your mind abowt participating, vouw can withdraw o any tme durng the
study. Your participation 1% completely voluntary, 1 yon chiosse o withidraw, vaur dat
eatl bewilhdrawn az fong as il i3 identifiable.  Your decision ahoat wheshel o nol
participate or o siop particiting will net jeopardice your futurs relations with Aubum
Univarsity en i Department of Industlal and Sysiems Fnginsering

The Subirs LRlvarsity
Trstibutional Peview Board
nas apgrowed this documant .’urryw
e gy i

from i SO to 7

Frotocol &

Pape | of 2



Any dats htained in connection with this study will remain anenymons, Survey
responses caatal be tracal o individoal participants; therefore vour privacy ane the dar
vou provice will be proteered . Information collecied through vour partivipation may he
publishied m a protessionsl jourmad andfor prescored an 4 professiomal meering,

It ¥ou have yuestions about this study contact Adan Piper ac (334) 545-1415 ar
pipsrakia anhum.edy | of D Jerry Davis et (334 38d-1411 o dusisauiom b edi,

I vou have guestions abouot your vights as a rescarch participant, vou may zontact
the Auhirn Liniversity Offies of Human Subjevis Rescarch or the lastiletons | Review
Board by phome (3347-844 5968 ar e-madl ot Fsobjecmiaelam,ecy or
[RBCTiwrmantoarn edu.

HAVIKG READ THE INFORMATION ABOVE, YOU MUST DECINE 1 YOU
WANT T0O FARTRCIPATE IN THIS RESEARCH PROIGECT. TF YOL DECIDE TO
PARTICTPATE, FLEAKE CLICK O THIS LINK
UEunv Gy Mercereed 10mvuliy id Dirowing MWourning Mossapes”

YOU MAY PRINT A COPY OF THIS LETTER T4 KREL",

Investigaton™s signalume {RETIE

Adam Mper

P

Tie Auburn Wavarnty
Irekluthaeal Peviaw foard
e Bpproyes this documaent for Lse
L-E ':-:l i) '

Page 2 ol
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APPENDIX 3.3

Reciprocal table with a sample set of pairwise camnspn results taken from a single
participant (participant #51).

8 | 9 |Sum |Rank

1. Walk Down Stairs Backwards 1] 1} 3.4 7
2. No Access for Persons with Metallic Implant{ 5 13] 2.5
3. Steel-toed Shoes Required 12.2 4
4. Disconnect Main Plug from Electrical Outlet 17 1
5. No Reaching In 1.8 9
6. Do Not Touch with Wet Hands 11.4 5
7. Hot Exhaust 13] 2.5
8. Warning: Flooring Surface Changes 9 6
9. Confined Space; Entry by Permit Only 2.6 8

A value of “5” in the table means that the referi@nthe row (horizontal) is considered
more difficult than the referent in the column (eal) by direct comparison of a single
participant. A value of “1/5” means that the refa@rin the column was considered more
difficult than the referent in the row by directnoparison. Values of “1” in the table
mean that both referents were considered equdflgudt; a referent is always equally
difficult when compared to itself.

Red cellssignify that the referent listed in the intersegtrow was presented to the user
first and the referent listed in the intersectiofumn was presented second in the survey
for their comparison. The opposite is true forio@-red numerical cells in the table.
Finally, shaded cells represent comparisons thes wet directly measured in this
balanced, incomplete block design.
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APPENDIX 3.4

Pairwise comparison of referent difficulty converte ranks

participant|  Strat Referent Ranks
articipan ratum Stairs | Implants | Steel-toes| Disconnect| No Reaching] Wet Hands| Exhaust | Flooring | Confined Space
1 Certified SP 3 3 7 6 8 1 3 5 9
2 Certified SP 5.5 1.5 5.5 9 4 3 7 1.5 8
3 Certified SP 7.5 1.5 7.5 4 7.5 3 5 1.5 7.5
4 Certified SP 8.5 1.5 1.5 8.5 3.5 5 6.5 3.5 6.5
5 Certified SP 8.5 1.5 6 7 3.5 1.5 8.5 5 3.5
6 Certified SP 5.5 1.5 3 9 1.5 7.5 7.5 5.5 4
7 Certified SP 6.5 1 6.5 2.5 2.5 8.5 8.5 4.5 4.5
8 Certified SP 7.5 4 7.5 4 7.5 1.5 4 1.5 7.5
9 Certified SP 8.5 1.5 6.5 3.5 6.5 3.5 8.5 1.5 5
10 Certified SP 5.5 7 8.5 3.5 3.5 1.5 5.5 1.5 8.5
11 Certified SP 5.5 3 7 3 8.5 1 3 5.5 8.5
12 Certified SP 6 3 4.5 7 8 2 4.5 1 9
13 Certified SP 6.5 3.5 1 6.5 8.5 3.5 3.5 8.5 3.5
14 Certified SP 7 2.5 9 4.5 6 4.5 8 2.5 1
15 Certified SP 6 4 1 9 4 8 4 7 2
16 Certified SP 9 2 5.5 7.5 7.5 1 5.5 3 4
17 Certified SP 9 1 6 6 4 3 8 6 2
18 Certified SP 8.5 1 4 6 4 4 8.5 7 2
19 Certified SP 9 3.5 8 3.5 6 1.5 7 5 1.5
20 Certified SP 8 3.5 8 1 6 3.5 8 3.5 3.5
21 Certified SP 5 1 8.5 3.5 6.5 3.5 6.5 2 8.5
22 Certified SP 7 2.5 9 4 8 1 6 2.5 5
23 Certified SP 9 1.5 7.5 5 6 1.5 7.5 3 4
24 Certified SP 9 1.5 5 5 5 3 7.5 1.5 7.5
25 Certified SP 2 6.5 8.5 2 4.5 6.5 2 4.5 8.5
26 Certified SP 5.5 2.5 8 2.5 7 4 5.5 1 9
27 Certified SP 4 1.5 7 7 5 1.5 7 3 9
28 Certified SP 8 1 8 5.5 8 5.5 3.5 3.5 2
29 Certified SP 8.5 2 8.5 4 6 2 6 2 6
30 Certified SP 9 4.5 7.5 4.5 6 1.5 7.5 3 1.5
31 Certified SP 9 1.5 7.5 4 6 4 7.5 4 1.5
32 Certified SP 8.5 1 4 8.5 6 2 7 5 3
33 Certified SP 5 4 7.5 1.5 7.5 3 7.5 7.5 1.5
34 Certified SP 7 4 8.5 6 5 1.5 8.5 3 1.5
35 Certified SP 6 2.5 8.5 2.5 4.5 4.5 8.5 1 7
36 Certified SP 8.5 2.5 5.5 1 8.5 5.5 7 4 2.5
37 Certified SP 8.5 1.5 8.5 4 7 3 6 5 1.5
38 Certified SP 2 8.5 4 4 6.5 6.5 1 8.5 4
39 Certified SP 9 2 5 6 7.5 2 7.5 4 2
40 Certified SP 9 1 8 4 6.5 5 6.5 2.5 2.5
41 Certified SP 9 2.5 2.5 6 7.5 2.5 7.5 5 2.5
42 Certified SP 9 5 7 3 8 1 3 6 3
43 Certified SP 8 1 3 9 5 2 6.5 6.5 4
44 Certified SP 6.5 2.5 4 8.5 6.5 1 5 8.5 2.5
45 Certified SP 7 1 3.5 6 9 2 5 3.5 8
46 Certified SP 3 3 8.5 5.5 7 1 5.5 3 8.5
47 Uncertified SP 8 1.5 8 6 4 1.5 8 4 4
48 Uncertified SP 8.5 1.5 8.5 5 6.5 1.5 6.5 3.5 3.5
49 Uncertified SP 8.5 2 8.5 4.5 4.5 2 6.5 2 6.5
50 Uncertified SP 1.5 3 7.5 5 5 1.5 7.5 9 5
51 Uncertified SP 7 2.5 4 1 9 5 2.5 6 8
52 Uncertified SP 6.5 1.5 8.5 5 3.5 3.5 8.5 1.5 6.5
53 Uncertified SP 8.5 2.5 2.5 7 8.5 1 5 5 5
54 Uncertified SP 4.5 1.5 4.5 3 7.5 1.5 7.5 7.5 7.5
55 Uncertified SP 5 3 8 4 8 1 6 2 8
56 Uncertified SP 6.5 1.5 9 3.5 6.5 3.5 6.5 1.5 6.5
57 Uncertified SP 7.5 2.5 9 6 2.5 5 7.5 2.5 2.5
58 Uncertified SP 8 2.5 1 8 6 4 8 5 2.5
59 Uncertified SP 8.5 2 4 8.5 2 5 7 6 2
60 Uncertified SP 6 1.5 3 6 8.5 4 8.5 1.5 6
61 Uncertified SP 8.5 1.5 6.5 5 8.5 1.5 6.5 3.5 3.5
62 Uncertified SP 5.5 2 9 5.5 1 3 8 4 7
63 Uncertified SP 9 2 1 8 7 3 5 5 5
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Referent Ranks

Participant|  Stratum Stairs | Implants [ Steel-toes|Disconnect| No Reaching| Wet Hands| Exhaust | Flooring | Confined Space
64 Uncertified SP 7.5 3.5 9 5 6 1 3.5 2 7.5
65 Uncertified SP 9 2.5 7 4.5 7 1 4.5 7 2.5
66 Uncertified SP 7.5 1 9 4.5 6 2.5 4.5 2.5 7.5
67 Uncertified SP 8.5 3.5 8.5 6.5 1.5 3.5 5 1.5 6.5
68 Uncertified SP 6 2 8.5 6 4 2 6 2 8.5
69 Uncertified SP 5 4 7 7 3 1.5 9 7 1.5
70 Uncertified SP 7 3 9 4.5 7 1.5 4.5 7 1.5
71 Uncertified SP 8.5 2 7 5 6 2 8.5 2 4
72 Uncertified SP 7 4 8.5 6 5 1.5 8.5 3 1.5
73 Uncertified SP 7 1.5 8.5 5 6 3.5 8.5 1.5 3.5
74 Uncertified SP 8.5 2 6.5 4.5 8.5 2 4.5 2 6.5
75 Uncertified SP 5 2 8.5 3.5 3.5 6.5 6.5 1 8.5
76 Uncertified SP 9 4 2.5 5.5 8 2.5 5.5 7 1
77 Uncertified SP 2 2 8 6.5 2 4 5 6.5 9
78 Uncertified SP 8.5 2 8.5 5 2 4 6.5 2 6.5
79 Uncertified SP 8.5 1.5 6 8.5 1.5 4 7 5 3
80 Uncertified SP 7.5 6 9 4 5 2 2 2 7.5
81 Uncertified SP 9 4.5 7 2.5 8 1 6 2.5 4.5
82 Uncertified SP 9 2.5 8 7 6 1 5 4 2.5
83 Uncertified SP 8.5 1 6 3 8.5 4 5 2 7
84 Uncertified SP 7.5 2 1 7.5 7.5 3 4 7.5 5
85 Uncertified SP 5 1.5 5 7 8.5 3 5 1.5 8.5
86 Uncertified SP 8 3 5 3 8 6 8 3 1
87 Uncertified SP 8 2.5 9 2.5 5 1 6 4 7
88 Uncertified SP 7.5 1 5 9 6 2 7.5 4 3
89 Uncertified SP 9 4 7.5 4 6 1.5 7.5 1.5 4
90 Uncertified SP 6 4.5 8.5 1.5 3 4.5 8.5 7 1.5
91 University 8.5 3 3 7 8.5 1 6 3 5
92 University 3.5 1.5 6 6 3.5 1.5 9 8 6
93 University 3.5 6.5 3.5 8.5 1.5 6.5 5 8.5 1.5
94 University 3.5 1 2 7 7 7 3.5 5 9
95 University 6 2 7 8 4.5 1 9 3 4.5
96 University 9 4.5 1 3 6.5 8 2 6.5 4.5
97 University 4.5 6 7 1 8.5 3 8.5 2 4.5
98 University 8.5 1.5 6.5 6.5 5 4 8.5 3 1.5
99 University 9 1 2 7 6 5 8 3.5 3.5
100 University 8.5 1.5 4 8.5 6 1.5 6 6 3
101 University 8.5 2 5.5 8.5 2 5.5 7 4 2
102 University 1.5 4 3 8 1.5 8 6 5 8
103 University 7 1.5 3.5 8.5 5 1.5 8.5 6 3.5
104 University 7.5 2.5 7.5 4 2.5 5 9 6 1
105 University 8.5 1.5 3 7 5.5 5.5 8.5 4 1.5
106 University 6.5 1.5 8.5 4 3 6.5 5 1.5 8.5
107 University 8 2.5 7 5.5 2.5 5.5 9 4 1
108 University 8.5 4 8.5 7 1.5 3 6 1.5 5
109 University 4 1 4 7 2 7 7 4 9
110 University 8.5 1 3.5 6.5 6.5 3.5 8.5 3.5 3.5
111 University 9 4 1 8 7 2 4 6 4
112 University 1.5 6 8.5 1.5 7 4.5 8.5 3 4.5
113 University 4.5 1.5 9 3 7 4.5 7 1.5 7
114 University 9 1.5 5 7.5 6 1.5 7.5 4 3
115 University 8.5 2.5 6 8.5 1 4.5 7 2.5 4.5
116 University 8.5 2 8.5 4.5 6.5 2 4.5 2 6.5
117 University 2 5.5 2 5.5 2 9 4 7 8
118 University 8 1.5 3.5 8 5.5 3.5 8 1.5 5.5
119 University 9 5 5 2 5 3 7.5 7.5 1
120 University 8.5 3 5 6.5 8.5 1 6.5 3 3
121 University 8.5 1 4 8.5 2.5 5 6.5 2.5 6.5
122 University 38 1.5 7 4 6 5 9 3 1.5
123 University 8.5 1 3 8.5 7 2 5.5 5.5 4
124 University 7 3.5 3.5 8.5 8.5 1.5 5.5 5.5 1.5
125 University 4 1.5 1.5 8 7 5 3 9 6
126 University 8 1.5 3 4.5 8 6 8 1.5 4.5
127 University 9 2.5 6.5 5 6.5 1 8 4 2.5
128 University 8.5 1 6.5 8.5 2.5 2.5 6.5 4 5
129 University 7 1.5 9 6 3 1.5 8 4 5
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Referent Ranks

Participant Stratum Stairs | Implants | Steel-toes| Disconnect| No Reaching| Wet Hands| Exhaust | Flooring | Confined Space
130 University 1 9 7 3 2 5 5 5 8
131 University 8.5 4 6.5 2 8.5 2 5 2 6.5
132 University 1.5 5 7.5 6 1.5 7.5 4 3 9
133 University 4.5 1 2 8 6.5 6.5 9 3 4.5
134 University 9 5 6 1.5 7.5 3.5 7.5 3.5 1.5
135 University 8.5 2.5 5 6.5 8.5 1 6.5 2.5 4
136 University 8.5 1.5 8.5 3.5 7 3.5 1.5 5.5 5.5
137 University 6.5 2.5 6.5 5 1 8.5 8.5 4 2.5
138 University 4.5 1 2 8 6.5 3 4.5 6.5 9
139 University 8.5 2.5 7 2.5 5 6 8.5 1 4
140 University 3 6 7.5 3 1 7.5 9 3 5
141 University 8.5 1.5 1.5 6.5 8.5 3.5 6.5 5 3.5
142 University 8.5 1.5 1.5 6.5 8.5 5 6.5 4 3
143 University 8.5 1.5 6 6 6 8.5 1.5 3
144 University 7 2 1 8.5 6 3 8.5 4.5 4.5
145 University 3 6 8.5 6 6 1 8.5 2 4
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APPENDIX 4.1
Information letter for Phase 1 — Symbol Proto-Drrays participants.
Auburn University
Auburn University, Alabama 36849-5346

Samuel Ginn College of Engineering

Department of Principal Investigator: Adam Piper
Industrial and Systems Engineering (334) 844-1415 — piperaki@auburn.edu
3301 Shelby Center Faculty Advisor: Dr. Jerry Davis
Fax: (334) 844-1381 (334) 844-1411 — davisga(wauburn.edu

(NOTE: DONOT AGREE TO PARTICIPATE UNLESS AN IRB APPROVAL
STAMP WITH CURRENT DATES HAS BEEN APPLIED TO THIS
DOCUMENT.)

INFORMATION LETTER
for a Research Study entitled
“Hand Drawing Safety Symbols to Determine Their Pictorial Attributes”

You are invited to participate in a research study to determine the pictorial attributes
preferred in the construction of safety symbols. The study is being conducted by Adam
Piper, under the direction of Dr. Jerry Davis in the Auburn University Department of
Industrial and Systems Engineering. You were selected as a possible participant because
you are an Auburn University undergraduate or graduate student and you are age 19 or
older.

What will be involved if you participate? If you decide to participate in this research
study, you will be produce three simple drawings by hand that portray a safety message
using a digital whiteboard. Your total time commitment will be approximately one hour.

Are there any risks or discomforts? Since you will be providing information regarding
your age, gender, birth country, etc., there is always some risk of a breach of
confidentiality which could allow you to be indirectly identified from this information.
Therefore, security measures will be maintained to ensure that only Mr. Piper and Dr.
Davis have access to the information you provide, and that this information will be
destroyed at the conclusion of this research. No names or direct identification
information will ever be attached to the symbol drawings you produce, and these
drawings will only be displayed completely anonymously in any publications or
presentations resulting from this research. It is also possible that you could experience
slight fatigue in your hands and arms or in your eyes during the time spent drawing on
the digital whiteboard. Therefore, you will be encouraged to take breaks at least every 15
minutes, more often if necessary.
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Are there any benefits to yourself or others? You may increase your familiarity with
safety warning messages which could increase your comprehension of important safety
warning signs encountered in the future.

If you change your mind about participating, you can withdraw at any time during the
study. Your participation is completely voluntary. If you choose to withdraw, your data
can be withdrawn as long as it is identifiable. Your decision about whether or not to
participate or to stop participating will not jeopardize your future relations with Auburn
University or the Department of Industrial and Systems Engineering.

Any data obtained in connection with this study will be evaluated and stored
anonymously. We will protect your privacy and the data you provide by ensuring that
the symbol drawings are not linked to your identifiable information. Information
collected through your participation may be used to fulfill a requirement for a doctoral
dissertation, published in a professional journal and/or presented at a professional
meeting.

If you have questions about this study contact Adam Piper at (334) 844-1415 or
piperak(@auburn.edu , or Dr. Jerry Davis at (334) 844-1411 or davisga(@auburn.edu.

If you have questions about your rights as a research participant, you may contact
the Auburn University Office of Human Subjects Research or the Institutional Review
Board by phone (334)-844-5966 or e-mail at hsubjec(@auburn.edu or
IRBChair(@auburn.edu.

HAVING READ THE INFORMATION PROVIDED, YOU MUST DECIDE IF YOU
WANT TO PARTICIPATE IN THIS RESEARCH PROJECT. IF YOU DECIDE TO
PARTICIPATE, THE DATA YOU PROVIDE WILL SERVE AS YOUR
AGREEMENT TO DO SO. THIS LETTER IS YOURS TO KEEP.

Investigator's signature Date

Adam Piper
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APPENDIX 4.2

Instructions and Data Collection form for partiaapgin the Symbol Proto-drawing
experiment.

The purpose of this research is to understandittus lof symbols you prefer to see on a
safety sign. Safety signs are placed near theitwcaf a hazard to communicate the risk
to all see it.

Your role in this study will be to draw a simplepire, or a symbol, that could be added
to a sign to communicate a safety message witheaguany text at all. This picture you
draw should communicate each safety message ¢jwélyou as clearly and completely
as possible. However, do not worry about makipgedty or high-quality drawing.
Artistic skill or well-drawn pictures are not imgant to this research. As long as you
can explain what you picture means, then it isfjust

You will be drawing your picture using a SmartBoaystem, which includes four
special marker pens (black, red, green and bludpapecial eraser. Please do not use
any other marker pens but the ones provided. dseeyour drawing, simply pick up the
eraser and wipe away the marks you want to rem&amember, though, in order to
draw with the markers again, the eraser must lened to its home.

You will be given three different safety messagedraw, one at a time. To help you,
you will be given a description of the hazards lwétions where symbols like your
drawing may be needed. You may take up to 15 tefio draw each picture, and the
researchers will not be able to see your drawind you are ready. The researchers will
remind you periodically of the time remaining ortlegicture, although you may have
more time if you need it. Whenever you are satisfvith your drawing, inform the
researcher that it is complete. After you have gleted three symbols in this manner,
the exercise will be finished.

Please avoid discussing the details of your dravdegs with anyone who you think
might participate in this study to ensure thatrthesults remain unbiased.

Thank you for your cooperation! Please complegeinformation below before you
begin the activity.

Age Gender (circle one): M / F
In what country were you born?
For how many years did you live in your birth cayft
What country do you consider to be your home cgtntr
What language do you speak in your home most often?

Do you consider yourself to speak English fluen{lyifcle one) Yes / No
At what age did you first begin reading or speakimglish fluently?
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APPENDIX 4.3

To create the semantic annotation matrix for aresfie each panelist followed the
following procedure.

1. Determine whether newly revealed symbol exhibiiscal confusion or is
completely non-relevant (Egregious Error)

a. Determine by majority opinion
b. If true, set symbol aside and skip to Step 4.aldé, continue to Step 2.

2. Which attributes already contained within the madnie present in this
symbol?

a. Individually and privately recorded on data colientform.

3. Does this symbol add new attributes to the maonxttis referent?
a. Determine by majority opinion.
b. If none, skip to Step 4.

c. Presence of new attributes are individually andgtely recorded on data
collection forms

4. Move to next symbol in this referent
5. When all symbols are complete, move to new referent

6. When all referents are complete, end process.
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APPENDIX 4.5

Symbol proto-drawings produced by the U.S. straftamiHot Exhaust”
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Symbol proto-drawings produced by the Indian strataor “Hot Exhaust”
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Symbol proto-drawings produced by the U.S. strafmiDo Not Touch with Wet
Hands”
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Symbol proto-drawings produced by the Indian stratar “Do Not Touch with Wet
Hands”
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APPENDIX 4.6

Consensus attribute matrix produced by summinghtte= individual panelists’ attribute
matrices for “Do Not Touch with Wet Hands".

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Attribute U.S. U.S. |Indian|Indian| U.S. |Indian| U.S. U.S. | Indian| U.S. U.S. | Indian] U.S. [Indian| Indian
A|Single Hand EE EE 3 3 3 3 3 3 3 3 3 3 3 3 3
B|1-D Surface EE EE 3 2 0 0 2 0 0 0 0 0 0 0 0
C|Multiple Water Drops EE EE 3 3 3 3 3 3 3 3 0 1 3 3 3
D|Prohibition Symbol EE EE 3 3 0 0 3 0 0 0 3 0 3 0 0
E[2nd Color EE EE 3 3 3 3 3 3 3 3 3 3 2 3 2
F|Skull/Crossbones EE EE 0 3 0 0 0 0 0 0 0 0 0 0 0
G|Faucet EE EE 0 3 0 0 0 3 0 0 0 0 0 3 0
H|Prohibition X EE EE 0 0 3 3 0 3 3 0 0 3 0 3 3
1|Liquid Container EE EE 0 0 0 3 0 0 0 0 0 0 0 0 0
J|2-D Panel EE EE 0 0 0 0 3 0 0 0 0 1 0 3 0
K|Lightning Bolts EE EE 0 0 0 0 0 0 0 3 0 1 0 0 0
L|Single Water Drop EE EE 0 0 0 0 0 0 0 0 3 3 0 0 0
M|3-D Object EE EE 0 0 0 0 0 0 0 0 0 0 3 0 0
N|Multi-Panel EE EE 0 0 0 0 0 0 0 0 0 0 0 3 0
O|Water Ripple EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
P|Spark EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
Q|Single Lightning Bolt EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
R|Energized Equipment EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
S|Two Hands EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
T|Puddle EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
U|Person EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
V|Sequence Arrow EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
W|Rain Cloud EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
X|Surprised Face EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
Y|Permissable Circle EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
Z|Happy Face EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
AA|Mr. Sparky EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
BB|Heat Waves EE EE 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 21 24 27 30

Attribute Indian | Indian| U.S Indian U.S Indian Indian
Single Hand 3 3 3 3 3

1-D Surface

Multiple Water Drops
Prohibition Symbol
2nd Color
Skull/Crossbones
Faucet

Prohibition X

Liquid Container
2-D Panel

Lightning Bolts
Single Water Drop
3-D Object
Multi-Panel

Water Ripple

Spark

Single Lightning Bolt
Energized Equipment
Two Hands

Puddle

Person

Sequence Arrow
Rain Cloud
Surprised Face
Permissable Circle
Happy Face

Mr. Sparky

Heat Waves

C

CN
CN
CN
Cl\)
Cl\)
CN
CN
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31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

Attribute U.S. | Indian ]| Indian | Indian] Indian| U.S. |Indian| U.S. U.S. U.S. | Indian] Indian| U.S. | Indian| Indian
A|Single Hand 3 0 0 3 3 3 CcC 3 3 3 3 3 1 3 CcC
B|1-D Surface 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
C|Multiple Water Drops 3 3 3 3 3 3 CC 3 3 3 3 3 3 3 CC
D|Prohibition Symbol 3 0 0 0 0 3 CcC 3 3 3 0 0 3 0 CcC
E[2nd Color 3 3 3 3 0 3 CcC 3 3 3 3 3 0 3 CcC
F|Skull/Crossbones 0 0 0 0 0 0 cC 0 0 0 0 0 0 0 CcC
G|Faucet 0 3 0 0 0 0 CcC 0 0 3 0 0 0 0 CcC
H|Prohibition X 0 3 3 3 3 0 CcC 0 0 0 3 3 0 3 CcC
1|Liquid Container 0 0 0 0 0 0 CC 0 0 0 0 0 0 0 CC
J|2-D Panel 0 0 0 0 0 0 CcC 3 0 0 0 0 0 0 CcC
K|Lightning Bolts 0 0 0 0 0 0 CcC 3 0 0 0 0 0 0 CcC
L|Single Water Drop 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
M|3-D Object 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
N|Multi-Panel 0 0 0 0 0 0 CC 0 0 0 0 0 0 0 CC
O|Water Ripple 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
P|Spark 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
Q|Single Lightning Bolt 0 0 0 0 0 0 CC 0 0 0 0 0 0 0 CC
R|Energized Equipment 0 0 0 0 0 0 CcC 0 0 0 0 0 0 3 CC
S|Two Hands 0 2 2 0 0 0 CcC 0 0 0 0 0 2 0 CcC
T|Puddle 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
U|Person 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
V|Sequence Arrow 0 0 0 0 0 0 CC 0 0 0 0 0 0 0 CC
W|Rain Cloud 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
X|Surprised Face 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
Y|Permissable Circle 0 0 0 0 0 0 CC 0 0 0 0 0 0 0 CC
Z|Happy Face 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
AA|Mr. Sparky 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
BB|Heat Waves 0 0 0 0 0 0 CcC 0 0 0 0 0 0 0 CcC
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Attribute Indian | Indian| U.S. U.S. | Indian| Indian | Indian | Indian | Indian | Indian| U.S. U.S. U.S. | Indian | Indian
A|Single Hand 3 3 3 EE 3 0 3 3 3 3 1 3 3 CcC EE
B|1-D Surface 0 0 0 EE 0 3 0 0 0 0 0 0 0 CC EE
C|Multiple Water Drops 3 0 3 EE 3 3 3 3 3 3 3 3 3 CC EE
D|Prohibition Symbol 0 2 3 EE 0 1 1 3 1 0 1 0 0 CC EE
E[2nd Color 3 3 3 EE 1 0 3 3 3 0 3 3 3 CcC EE
F|Skull/Crossbones 0 0 0 EE 0 0 0 0 0 0 0 0 0 CcC EE
G|Faucet 0 3 0 EE 0 0 0 0 0 0 0 0 0 CcC EE
H|Prohibition X 3 1 0 EE 3 2 2 0 3 3 2 3 3 CcC EE
1|Liquid Container 0 0 0 EE 0 0 0 0 0 0 0 0 0 CcC EE
J|2-D Panel 0 3 0 EE 0 0 0 3 0 0 3 3 2 CC EE
K|Lightning Bolts 0 0 3 EE 0 1 0 0 0 0 0 0 0 CcC EE
L|Single Water Drop 0 2 0 EE 0 0 0 0 0 0 0 0 0 CcC EE
M|3-D Object 0 0 0 EE 0 0 0 0 3 0 0 0 0 CC EE
N|Multi-Panel 0 3 0 EE 0 0 0 0 0 0 0 3 0 CcC EE
O|Water Ripple 0 0 0 EE 0 0 0 0 0 0 0 0 0 cC EE
P|Spark 0 0 0 EE 0 2 0 0 0 0 0 0 3 CcC EE
Q]Single Lightning Bolt 0 0 0 EE 0 0 0 0 0 0 0 0 0 CcC EE
R|Energized Equipment 0 0 0 EE 3 0 0 0 0 3 0 0 1 CC EE
S|Two Hands 0 0 0 EE 0 0 0 0 0 0 0 0 0 CcC EE
T|Puddle 0 0 0 EE 0 1 0 0 0 0 0 0 0 cC EE
U|Person 0 0 0 EE 0 2 0 0 0 0 3 0 0 CcC EE
V|Sequence Arrow 0 3 0 EE 0 0 0 0 0 0 0 0 0 CcC EE
W|Rain Cloud 0 0 0 EE 0 0 0 3 0 0 0 0 0 CcC EE
X|Surprised Face 0 0 0 EE 0 0 0 0 0 0 3 0 0 CcC EE
Y|Permissable Circle 0 0 0 EE 0 0 0 0 0 0 0 2 0 CcC EE
Z|Happy Face 0 0 0 EE 0 0 0 0 0 0 0 0 0 CcC EE
AA[Mr. Sparky 0 0 0 EE 0 0 0 0 0 0 0 0 0 CcC EE
BB|Heat Waves 0 0 0 EE 0 0 0 0 0 0 0 0 0 CC EE
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61 62 63 64 65 66 67 68 69 70
Attribute U.S. | Indian| U.S. |Indian| U.S. U.S. U.S. U.S. | Indian| U.S.

A|Single Hand 3 2 EE 3 0 3 3 3 CcC 3
B|1-D Surface 0 0 EE 0 0 0 0 0 CcC 0
C|Multiple Water Drops 3 3 EE 3 3 3 3 2 CcC 3
D|Prohibition Symbol 3 3 EE 0 0 3 1 0 CC 1
E[2nd Color 3 3 EE 3 3 3 3 0 CcC 0
F|Skull/Crossbones 0 1 EE 3 2 0 0 0 CcC 0
G|Faucet 0 2 EE 0 3 0 0 2 CcC 0
H|Prohibition X 0 0 EE 0 3 0 2 0 CcC 2
1]Liquid Container 0 0 EE 2 0 0 3 0 CC 0
J|2-D Panel 0 3 EE 2 3 0 0 0 CcC 0
K|Lightning Bolts 0 0 EE 2 0 0 0 1 CcC 0
L|Single Water Drop 0 0 EE 0 0 0 0 0 CcC 0
M|3-D Object 3 0 EE 0 0 0 0 0 CC 0
N|Multi-Panel 0 3 EE 3 0 3 0 3 CC 0
O|Water Ripple 0 0 EE 0 0 0 3 0 CC 0
P|Spark 0 0 EE 3 0 0 0 2 CcC 0
Q|Single Lightning Bolt 0 3 EE 0 0 0 0 0 CcC 0
R|Energized Equipment 0 0 EE 3 0 0 0 3 CC 0
S|Two Hands 0 3 EE 0 0 0 0 0 CC 0
T|Puddle 0 0 EE 0 0 0 0 0 CcC 0
U|Person 0 0 EE 0 1 0 0 0 CcC 0
V|Sequence Arrow 0 0 EE 0 0 0 0 3 CC 0
W|[Rain Cloud 0 0 EE 0 0 0 0 0 CC 0
X|Surprised Face 0 0 EE 0 0 0 0 0 CC 0
Y|Permissable Circle 0 0 EE 0 0 0 0 0 CcC 0
Z|Happy Face 0 0 EE 0 0 3 0 0 CC 0
AA|Mr. Sparky 0 0 EE 0 0 0 0 3 CcC 0
BB|Heat Waves 0 0 EE 0 0 0 0 2 CC 0
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Attribute matrix produced by Panelist #1 for “Do tNlmuch with Wet Hands”.

Surprised Face

Permissable Circle

Happy Face

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Attribute U.S. U.S. |Indian|Indian| U.S. |Indian| U.S. U.S. |Indian| U.S U.S. | Indian| U.S. [Indian|Indian
A|Single Hand EE EE 1 1 1 1 1 1 1 1 1 1 1 1 1
B|1-D Surface EE EE 1 1 1
C|[Multiple Water Drops EE EE 1 1 1 1 1 1 1 1 1 1 1
D|Prohibition Symbol EE EE 1 1 1 1 1
E|2nd Color EE EE 1 1 1 1 1 1 1 1 1 1 1 1 1
F|Skull/Crossbones EE EE 1
G|Faucet EE EE 1 1 1
H|Prohibition X EE EE 1 1 1 1 1 1 1
I|Liquid Container EE EE 1
J|2-D Panel EE EE 1 1
K|Lightning Bolts EE EE 1 1
L|Single Water Drop EE EE 1 1
M|3-D Object EE EE 1
N|Multi-Panel EE EE 1
O|Water Ripple EE EE
P|Spark EE EE
Q|Single Lightning Bolt EE EE
R|Energized Equipment EE EE
S|Two Hands EE EE
T|Puddle EE EE
U|Person EE EE
V|Sequence Arrow EE EE
W|Rain Cloud EE EE
X|Surprised Face EE EE
Y|Permissable Circle EE EE
Z|Happy Face EE EE
AA|Mr. Sparky EE EE
BB|Heat Waves EE EE
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Attribute Indian | Indian| U.S. | U.S. | U.S. |Indian| U.S. U.S. US. | US. | US. [Indian| U.S. U.S. |Indian
A|Single Hand 1 1 1 1 1 1 1 1 1 1 1 1 1 1
B|1-D Surface
C|[Multiple Water Drops 1 1 1 1 1 1 1 1 1 1 1 1 1 1
D|Prohibition Symbol 1 1 1 1 1 1 1 1 1 1
E|2nd Color 1 1 1 1 1 1 1 1 1 1 1 1 1
F|Skull/Crossbones 1
G|Faucet 1
H|Prohibition X 1 1 1 1
1|Liquid Container
J|2-D Panel 1 1 1
K|Lightning Bolts 1
L|Single Water Drop 1
M|3-D Object
N|Multi-Panel
O|Water Ripple 1
P|Spark 1 1
Q|Single Lightning Bolt 1
R|Energized Equipment 1
S|Two Hands 1 1
T|Puddle 1
U|Person 1
V|Sequence Arrow
W|Rain Cloud
X
Y]
Z

>
>

Mr. Sparky

©
o2]

Heat Waves

169




31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

Attribute U.S. | Indian | Indian | Indian] Indian| U.S. |Indian| U.S. U.S. U.S. | Indian] Indian| U.S. | Indian| Indian
A]Single Hand 1 1 1 1 CC 1 1 1 1 1 1 EE
B]1-D Surface CcC EE
C|Multiple Water Drops 1 1 1 1 1 1 CC 1 1 1 1 1 1 1 EE
D]Prohibition Symbol 1 1 CC 1 1 1 1 EE
EJ2nd Color 1 1 1 1 1 cC 1 1 1 1 1 1 EE
F|Skull/Crossbones CcC EE
G|Faucet 1 CcC 1 EE
H|Prohibition X 1 1 1 1 cC 1 1 1 EE
I]Liquid Container CC EE
J|2-D Panel CcC 1 EE
K]Lightning Bolts CcC 1 EE
L]Single Water Drop CC EE
M|3-D Object CcC EE
N]Multi-Panel CC EE
O]Water Ripple CC EE
P|Spark CC EE
QJSingle Lightning Bolt CC EE
R]Energized Equipment CC 1 EE
S|Two Hands cC 1 EE
T|Puddle CC EE
UJPerson CcC EE
V]Sequence Arrow CC EE
W]Rain Cloud CcC EE
X|Surprised Face CC EE
Y|Permissable Circle CC EE
Z|Happy Face CC EE
AA|Mr. Sparky CC EE
BB|Heat Waves CC EE
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Attribute Indian | Indian| U.S. U.S. | Indian | Indian | Indian | Indian | Indian | Indian| U.S. U.S. U.S. | Indian | Indian
AlSingle Hand 1 1 1 EE 1 1 1 1 1 1 1 1 CcC EE
B]1-D Surface EE 1 CC EE
C]Multiple Water Drops 1 1 EE 1 1 1 1 1 1 1 1 1 CC EE
D]Prohibition Symbol 1 EE 1 1 1 1 CC EE
E]2nd Color 1 1 1 EE 1 1 1 1 1 1 CcC EE
F|Skull/Crossbones EE CcC EE
G|Faucet 1 EE CC EE
H]Prohibition X 1 1 EE 1 1 1 1 1 CcC EE
I]Liquid Container EE CC EE
J|2-D Panel 1 EE 1 1 1 1 CcC EE
K]Lightning Bolts 1 EE CC EE
L]Single Water Drop 1 EE CC EE
M]3-D Object EE 1 CC EE
N]Multi-Panel 1 EE 1 CcC EE
O|Water Ripple EE CcC EE
P]Spark EE 1 1 CC EE
Q]Single Lightning Bolt EE CC EE
R|Energized Equipment EE 1 1 CC EE
S|Two Hands EE CcC EE
T|Puddle EE 1 CcC EE
U]Person EE 1 1 CcC EE
V]Sequence Arrow 1 EE CC EE
W]Rain Cloud EE 1 CcC EE
X|Surprised Face EE 1 CC EE
Y|Permissable Circle EE CcC EE
Z|Happy Face EE CC EE
AA]Mr. Sparky EE CC EE
BB|Heat Waves EE CC EE
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61 62 63 64 65 66 67 68 69 70

Attribute U.S. |Indian| U.S. |Indian| U.S. U.S. U.S. U.S. |Indian| U.S.
Single Hand 1 1 EE 1 1 1 1 CC 1
1-D Surface EE CC
Multiple Water Drops 1 1 EE 1 1 1 1 1 CC 1
Prohibition Symbol 1 1 EE 1 1 CC 1
2nd Color 1 1 EE 1 1 1 1 CC
Skull/Crossbones EE 1 1 CC
Faucet 1 EE 1 CC
Prohibition X EE 1 CC

Liquid Container EE 1 CcC

2-D Panel 1 EE 1 1 CcC
Lightning Bolts EE CcC

Single Water Drop EE CcC

3-D Object 1 EE CcC
Multi-Panel 1 EE 1 1 1 CC

Water Ripple EE 1 CC

Spark EE 1 1 CC

Single Lightning Bolt 1 EE CC
Energized Equipment EE 1 1 CC

Two Hands 1 EE CC
Puddle EE CC
Person EE CC
Sequence Arrow EE 1 CC

Rain Cloud EE CcC
Surprised Face EE CcC
Permissable Circle EE CC

Happy Face EE 1 CC

Mr. Sparky EE 1 CcC

Heat Waves EE CC

Attribute matrix produced by Panelist #2 for “Do tNlmuch with Wet Hands”.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Attribute U.S. U.S. |Indian|Indian| U.S. |Indian| U.S. U.S. |Indian| U.S. U.S. | Indian| U.S. [Indian|Indian
Single Hand EE EE 1 1 1 1 1 1 1 1 1 1 1 1 1
1-D Surface EE EE 1 1
Multiple Water Drops EE EE 1 1 1 1 1 1 1 1 1 1 1 1
Prohibition Symbol EE EE 1 1 1 1 1
2nd Color EE EE 1 1 1 1 1 1 1 1 1 1 1 1 1
Skull/Crossbones EE EE 1
Faucet EE EE 1 1 1
Prohibition X EE EE 1 1 1 1 1 1 1
Liquid Container EE EE 1
2-D Panel EE EE 1 1
Lightning Bolts EE EE 1
Single Water Drop EE EE 1 1
3-D Object EE EE 1
Multi-Panel EE EE 1
Water Ripple EE EE
Spark EE EE

Single Lightning Bolt EE EE

Energized Equipment EE EE

W
BIEInl<Ixl=l<|clAlwllolololzlzl- x| ] _|zlolnlmlololw]>

Two Hands EE EE
Puddle EE EE
Person EE EE
Sequence Arrow EE EE
Rain Cloud EE EE
Surprised Face EE EE
Permissable Circle EE EE
Happy Face EE EE
Mr. Sparky EE EE
Heat Waves EE EE
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16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Attribute Indian | Indian| U.S. U.S. U.S. | Indian] U.S. U.S. U.S. U.S. U.S. | Indian] U.S. U.S. | Indian
A|Single Hand 1 1 1 1 1 1 1 1 1 1 1 1 1
B|1-D Surface
C|Multiple Water Drops 1 1 1 1 1 1 1 1 1 1 1 1 1
D|Prohibition Symbol 1 1 1 1 1 1 1 1 1
E[2nd Color 1 1 1 1 1 1 1 1 1 1 1 1
F|Skull/Crossbones 1
G|Faucet 1
H|Prohibition X 1 1 1 1 1
1]Liquid Container
J|2-D Panel 1 1 1
K|Lightning Bolts 1 1
L|Single Water Drop 1
M|3-D Object
N|Multi-Panel
O|Water Ripple 1
P|Spark 1 1
Q|Single Lightning Bolt 1
R|Energized Equipment 1
S|Two Hands 1 1
T|Puddle 1
U[Person 1
V|Sequence Arrow
W|Rain Cloud
X|Surprised Face
Y|Permissable Circle
Z|Happy Face
AA[Mr. Sparky
BB|Heat Waves
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Attribute U.S. | Indian | Indian | Indian| Indian| U.S. |Indian| U.S. U.S. U.S. | Indian| Indian| U.S. |Indian | Indian
A|Single Hand 1 1 1 1 CcC 1 1 1 1 1 1 CcC
B|1-D Surface CC CcC
C|Multiple Water Drops 1 1 1 1 1 1 CcC 1 1 1 1 1 1 1 CC
D|Prohibition Symbol 1 1 CC 1 1 1 1 CC
E|2nd Color 1 1 1 1 1 CC 1 1 1 1 1 1 CcC
F|Skull/Crossbones CcC CcC
G|Faucet 1 CC 1 CC
H|Prohibition X 1 1 1 1 CcC 1 1 1 CcC
1]Liquid Container CC CC
J|2-D Panel CC 1 CcC
K]Lightning Bolts CC 1 CC
L|Single Water Drop CcC CcC
M|3-D Object CC CC
N|Multi-Panel CcC CcC
O|Water Ripple CcC CcC
P|Spark CcC CC
Q|Single Lightning Bolt CC CC
R|Energized Equipment CC 1 CC
S|Two Hands 1 1 CcC 1 CcC
T|Puddle CcC CcC
U|Person CC CC
V|Sequence Arrow CC CC
W|Rain Cloud CcC CcC
X|Surprised Face CC CC
Y|Permissable Circle CcC CcC
Z|Happy Face CC CC
AA|[Mr. Sparky CC CC
BB|Heat Waves CC CC
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46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
Attribute Indian | Indian| U.S. U.S. | Indian | Indian | Indian | Indian | Indian | Indian| U.S. U.S. U.S. | Indian | Indian
A|Single Hand 1 1 1 EE 1 1 1 1 1 1 1 EE EE
B|1-D Surface EE 1 EE EE
C|Multiple Water Drops 1 1 EE 1 1 1 1 1 1 1 1 1 EE EE
D|Prohibition Symbol 1 1 EE 1 1 EE EE
E|2nd Color 1 1 1 EE 1 1 1 1 1 1 EE EE
F|Skull/Crossbones EE EE EE
G|Faucet 1 EE EE EE
H|Prohibition X 1 EE 1 1 1 1 1 1 1 1 EE EE
1] Liquid Container EE EE EE
J|2-D Panel 1 EE 1 1 1 1 EE EE
K|Lightning Bolts 1 EE EE EE
L|Single Water Drop EE EE EE
M|3-D Object EE 1 EE EE
N|Mulii-Panel 1 EE 1 EE EE
O|Water Ripple EE EE EE
P|Spark EE 1 1 EE EE
Q|Single Lightning Bolt EE EE EE
R|Energized Equipment EE 1 1 EE EE
S|Two Hands EE EE EE
T|Puddle EE EE EE
U|Person EE 1 EE EE
V|Sequence Arrow 1 EE EE EE
W|Rain Cloud EE 1 EE EE
X|Surprised Face EE 1 EE EE
Y|Permissable Circle EE 1 EE EE
Z|Happy Face EE EE EE
AA|Mr. Sparky EE EE EE
BB|Heat Waves EE CC EE
61 62 63 64 65 66 67 68 69 70
Attribute U.S. | Indian| U.S. |Indian| U.S. U.S. U.S. U.S. | Indian| U.S.
A|Single Hand 1 EE 1 1 1 1 CcC 1
B|1-D Surface EE CC
C|[Multiple Water Drops 1 1 EE 1 1 1 1 CC 1
D|Prohibition Symbol 1 1 EE 1 CC
E|2nd Color 1 1 EE 1 1 1 1 CC
F|Skull/Crossbones EE 1 CC
G|Faucet 1 EE 1 1 CcC
H|Prohibition X EE 1 1 CcC 1
1|Liquid Container EE 1 1 CC
J|2-D Panel 1 EE 1 CC
K]Lightning Bolts EE 1 CC
L|Single Water Drop EE CC
M[3-D Object 1 EE CC
N|Multi-Panel 1 EE 1 1 1 CC
O|Water Ripple EE 1 CcC
P|Spark EE 1 1 CC
Q|Single Lightning Bolt 1 EE CC
R|Energized Equipment EE 1 1 CC
S|Two Hands 1 EE CcC
T|Puddle EE CcC
U|Person EE 1 CC
V|Sequence Arrow EE 1 CC
W|Rain Cloud EE CcC
X|Surprised Face EE CC
Y|Permissable Circle EE CcC
Z|Happy Face EE 1 CC
AA|Mr. Sparky EE 1 CC
BB|Heat Waves EE 1 CC




Attribute matrix produced by Panelist #3 for “Do tNlmuch with Wet Hands".

Surprised Face

Permissable Circle

Happy Face

Mr. Sparky

Heat Waves

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Attribute U.S. U.S. |Indian|Indian| U.S. |Indian| U.S. U.S. |Indian| U.S U.S. | Indian| U.S. [Indian|Indian
A|Single Hand EE EE 1 1 1 1 1 1 1 1 1 1 1 1 1
B|1-D Surface EE EE 1 1
C|Multiple Water Drops EE EE 1 1 1 1 1 1 1 1 1 1 1
D|Prohibition Symbol EE EE 1 1 1 1 1
E|2nd Color EE EE 1 1 1 1 1 1 1 1 1 1 1
F|Skull/Crossbones EE EE 1
G|Faucet EE EE 1 1 1
H|Prohibition X EE EE 1 1 1 1 1 1 1
I|Liquid Container EE EE 1
J|2-D Panel EE EE 1 1 1
K|Lightning Bolts EE EE 1
L|Single Water Drop EE EE 1 1
M|3-D Object EE EE 1
N|Multi-Panel EE EE 1
O|Water Ripple EE EE
P|Spark EE EE
Q|Single Lightning Bolt EE EE
R|Energized Equipment EE EE
S|Two Hands EE EE
T|Puddle EE EE
U|Person EE EE
V|Sequence Arrow EE EE
W|Rain Cloud EE EE
X|Surprised Face EE EE
Y|Permissable Circle EE EE
Z|Happy Face EE EE
AA|Mr. Sparky EE EE
BB|Heat Waves EE EE
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Attribute Indian | Indian| U.S. | U.S. | US. |Indian| U.S. U.S. US. | US. | US. [Indian| U.S. U.S. |Indian
A|Single Hand 1 1 1 1 1 1 1 1 1 1 1 1 1
B|1-D Surface 1
C|Multiple Water Drops 1 1 1 1 1 1 1 1 1 1 1 1 1 1
D|Prohibition Symbol 1 1 1 1 1 1 1 1
E|2nd Color 1 1 1 1 1 1 1 1 1 1 1 1
F|Skull/Crossbones 1
G|Faucet 1
H|Prohibition X 1 1 1 1 1
1|Liquid Container
J|2-D Panel 1 1 1
K|Lightning Bolts 1
L|Single Water Drop 1
M|3-D Object
N|Multi-Panel
O|Water Ripple 1
P|Spark 1 1
Q|Single Lightning Bolt 1
R|Energized Equipment 1
S|Two Hands 1
T|Puddle 1
U|Person 1
V|Sequence Arrow
W|Rain Cloud
X
Y]
Z
AA
BB
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31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

Attribute U.S. | Indian] Indian | Indian] Indian| U.S. |Indian| U.S. | U.S. | U.S. |Indian|Indian| U.S. |Indian | Indian
A|Single Hand 1 1 1 1 CcC 1 1 1 1 1 1 1 CcC
B|1-D Surface CcC CcC
C|[Multiple Water Drops 1 1 1 1 1 1 CC 1 1 1 1 1 1 1 CcC
D|Prohibition Symbol 1 1 CC 1 1 1 1 CC
E|2nd Color 1 1 1 1 1 CC 1 1 1 1 1 1 CcC
F|Skull/Crossbones CcC CcC
G|Faucet 1 CcC 1 cC
H|Prohibition X 1 1 1 1 CcC 1 1 1 CcC
1] Liquid Container CcC CcC
J|2-D Panel CC 1 CcC
K]Lightning Bolts CC 1 CC
L|Single Water Drop CC CC
M|3-D Object CcC CcC
N|Multi-Panel CcC CcC
O|Water Ripple CcC CcC
P|Spark CC CC
Q|Single Lightning Bolt CC CC
R|Energized Equipment CC 1 CC
S|Two Hands 1 1 CcC cC
T|Puddle CcC CcC
U|Person CcC CcC
V|Sequence Arrow CC CC
W/[Rain Cloud CcC CcC
X]|Surprised Face CC CC
Y|Permissable Circle CC CcC
Z|Happy Face CC CC
AA|Mr. Sparky CcC CcC
BB|Heat Waves CC CC
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Attribute Indian | Indian| U.S. U.S. | Indian | Indian | Indian | Indian | Indian | Indian| U.S. U.S. U.S. | Indian | Indian
A|Single Hand 1 1 1 EE 1 1 1 1 1 1 1 CcC EE
B|1-D Surface EE 1 CcC EE
C|Multiple Water Drops 1 1 EE 1 1 1 1 1 1 1 1 1 CC EE
D|Prohibition Symbol 1 1 EE 1 CC EE
E[2nd Color 1 1 1 EE 1 1 1 1 1 1 1 CcC EE
F|Skull/Crossbones EE CcC EE
G|Faucet 1 EE CcC EE
H|Prohibition X 1 EE 1 1 1 1 1 1 1 1 cC EE
1|Liquid Container EE CC EE
J|2-D Panel 1 EE 1 1 1 CcC EE
K|Lightning Bolts 1 EE 1 CcC EE
L|Single Water Drop 1 EE CcC EE
M|3-D Object EE 1 CcC EE
N|Multi-Panel 1 EE 1 CC EE
O|Water Ripple EE CC EE
P|Spark EE 1 CcC EE
Q|Single Lightning Bolt EE CC EE
R|Energized Equipment EE 1 1 1 CC EE
S|Two Hands EE cC EE
T|Puddle EE CcC EE
U|Person EE 1 1 CcC EE
V|Sequence Arrow 1 EE CC EE
W|Rain Cloud EE 1 CcC EE
X|Surprised Face EE 1 CcC EE
Y|Permissable Circle EE 1 CC EE
Z|Happy Face EE CcC EE
AA[Mr. Sparky EE CC EE
BB|Heat Waves EE CC EE

175




61 62 63 64 65 66 67 68 69 70
Attribute U.S. | Indian] U.S. |Indian| U.S. U.S. U.S. U.S. | Indian] U.S.

AlSingle Hand 1 1 EE 1 1 1 1 CC 1
B|1-D Surface EE CcC

C|Multiple Water Drops 1 1 EE 1 1 1 1 1 CcC 1
D|Prohibition Symbol 1 1 EE 1 CC
E[2nd Color 1 1 EE 1 1 1 1 CcC
F|Skull/Crosshones 1 EE 1 1 CcC
G|Faucet EE 1 1 CcC

H|Prohibition X EE 1 1 CC 1
1]Liquid Container EE 1 1 CcC
J|2-D Panel 1 EE 1 1 CC
K]Lightning Bolts EE 1 1 CC
L|Single Water Drop EE CC
M|3-D Object 1 EE CcC
N|Multi-Panel 1 EE 1 1 1 CC
O|Water Ripple EE 1 CC
P|Spark EE 1 CC
Q|Single Lightning Bolt 1 EE CcC
R|Energized Equipment EE 1 1 CC
S|Two Hands 1 EE CC
T|Puddle EE CcC
U[Person EE CcC
V|Sequence Arrow EE 1 CC
W/[Rain Cloud EE CcC
X|Surprised Face EE CcC
Y|Permissable Circle EE CC
Z|Happy Face EE 1 CC
AA|Mr. Sparky EE 1 CC
BB|Heat Waves EE 1 CC
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Consensus attribute matrix produced by summinghtte= individual panelists’ attribute

matrices for “Hot Exhaust”.

15
Indian

30
U.S.

14
Indian

29
U.S.

13
U.S.

28
U.S.

12
Indian

27
Indian

11
U.S.

26
Indian

10
U.S.

25
Indian

Indian

24
U.S.

Indian

23
U.S.

Indian

22
U.S.

Indian

21
U.S.

U.S.

20
Indian

Indian

19
U.S.

U.S.

18
U.S.

U.S.

17
U.S.

Indian

16
Indian

Attributes

Safety Alert Symbol

2nd Color

Negative Face

Thermometer

Flame

Exclamation Point

Particulates

Emphasis Arrows

Vent Grate

Positive Face

Thermos
Hood

Movement Lines

Attributes

Safety Alert Symbol

2nd Color

Negative Face

Thermometer

Flame

Exclamation Point

Particulates

Emphasis Arrows

Vent Grate

Positive Face

Hood

Movement Lines

A__[Directional Arrow

B

C __|Emmission Lines
D __|Pipe or Stack

E
E

G _|Person
H |vat

K__|Cloud

L

M |Vented Object

N

O |Prohibition Symbol

P

Q |Structure

R __|Skull/Crossbones
S |Vulnerable Object

T
U

V__|Vector

W __|Prohibited X
X__|Hand

Y
Z

AA |Degree Symbol

BB _|Fan

CC |Surface

DD |Radiant Heat Lines
EE_|Multi-Panel
FF _|Ground

GG |Surprise Face
HH |Relief Valve

A __|Directional Arrow

B

C __|Emmission Lines
D |Pipe or Stack

E
[3

G__|Person
H |Vvat

K__|Cloud

L

M __|Vented Object

N

O __|Prohibition Symbol

P

Q |Structure

R__|Skull/Crossbones

S |Vulnerable Object

T

U

V__|Vector

W__|Prohibited X
X__|Hand

Y |Thermos

z

AA [Degree Symbol

BB |Fan

CC |Surface

DD |Radiant Heat Lines
EE _|Multi-Panel
FF _|Ground

GG [Surprise Face
HH |Relief Valve
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31

w
w

34

35

38

39

N
o

N
N

43

o
IS

45

Attributes

Indian

c
n

Indian

Indian

Indian

Indian

c
(<

c
[

Indian

c
n

Indian

Directional Arrow

o

o

o

o

o

o

Safety Alert Symbol

Emmission Lines

Pipe or Stack

2nd Color

Negative Face

Person

Vat

Thermometer

Flame

Cloud

Exclamation Point

Vented Object

Particulates

Prohibition Symbol

Emphasis Arrows

Structure

Skull/Crossbones

Vulnerable Object

Vent Grate

Positive Face

Vector

Prohibited X

Hand

Thermos

N|<[X|=z[<|c|H|w|xmlo]|T|o|Z|Z|~ | =<~ |=|o|m|m|o|o|w=|>

Hood

Degree Symbol

Fan

Surface

Radiant Heat Lines

Multi-Panel

Ground

Surprise Face

Relief Valve

Movement Lines

(o] (o] (o] (o] (o] [a] | V][] (o] (o] (o] (o] (o] [o] (o] | 1] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] [a] [V] [a] [V] (e}

c

o|o|o|o|o|r|r|o|o|o|o|o|o|o|o|o|v|o|o|o|o|o|o|o|o|w|o|o|o|o|o|o|Nv|o|o

o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|w|o|o|o|o|o|o|o|o|o|o|w|o|o|o|o|v|w|o|o

olo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|Nv|o|o|w|r|w|o]o

c

c

(o] [o] (o] (o] (o] | ) [o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] ||V (o] (o] |4 (o] (o] (o] [a] [a] |\§] [$] [] (=)

(o] [o] (o] (o] (o] (o] | [o] (o] (o] (o] (o] (o] (o] (o] [}] (o] (o] (o] (o] (o] (o] (o] (o] (o] (e} [/] (o] [e] [a] [/3] [e] [8] [3)

o|o|o|o|o|o|o|o|o|o|o|o|o|r|o|r|w|o|o|r|w|o|o|o|o|r|o|o|w|o|w|r|o|o|o]);

C

olo|o|o|o|o|o|o|o|o|o|w|w|o|o|o|o|o|o|o|o|o|o|o|r|Nv]|o|o|olo|nv|o|olo|of;

(o] (o] (o] (o] [a] | V] (o] [o] (o] (o] (o} (o] (o] [o] (o] [}) (o] (o] (o] (o] (o] (o] (o] (o] (o] [/)] (o] (o] (o] [a] | V] [a] [V] (=]

(o] [o] (o] (o] (o] [o] (o] [o] (o] (o] (o] (o] (o] [o] (o] (o] (o] (o] (o] (o] (] (o] (o] (o] (o] (o] [=] [a] [/V] [a] [N] [V] [V] (e}

(o] [o] (o] (o] (o] (o] (o] [{] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] |V (o] (o] (o] (o] (o] (o] [a] (o] [] (o] [] (=)

46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
Attributes Indian| U.S. |Indian|Indian| U.S. U.S. U.S. U.S. |Indian|Indian| U.S. |Indian|Indian|Indian| U.S.
A __|Directional Arrow 1 1 0 2 0 0 0 0 EE EE 0 EE 1 3 0
B |Safety Alert Symbol 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
C __|Emmission Lines 2 3 3 0 2 3 3 1 EE EE 3 EE 3 2 3
D _|Pipe or Stack 1 1 0 3 1 3 3 2 EE EE 3 EE 3 1 0
E_|2nd Color 2 3 3 3 3 3 3 0 EE EE 3 EE 2 0 2
FE_|Negative Face 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
G __|Person 0 0 0 0 0 2 0 3 EE EE 0 EE 3 0 0
H |Vat 0 0 0 0 2 0 0 0 EE EE 0 EE 0 0 0
| Thermometer 0 0 0 0 0 0 3 0 EE EE 0 EE 0 0 0
J__|Flame 0 3 0 3 0 3 0 0 EE EE 3 EE 3 0 2
K__|Cloud 3 0 0 3 0 0 3 3 EE EE 0 EE 0 0 2
L |Exclamation Point 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
M __|Vented Object 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
N__|Particulates 2 0 3 3 0 0 2 0 EE EE 0 EE 0 0 0
O __|Prohibition Symbol 0 1 0 0 0 3 0 0 EE EE 0 EE 0 0 0
P |Emphasis Arrows 0 1 0 1 0 0 0 0 EE EE 0 EE 1 0 0
Q _[Structure 0 0 0 3 0 0 0 0 EE EE 0 EE 1 0 0
R __|Skull/Crossbones 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
S__|Vulnerable Object 0 0 2 0 0 3 0 0 EE EE 3 EE 3 0 0
T [Vent Grate 0 3 3 0 2 0 0 0 EE EE 0 EE 0 0 3
U |Positive Face 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
V__ |Vector 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
W __|Prohibited X 0 0 3 0 0 0 0 0 EE EE 0 EE 3 0 0
X __|Hand 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
Y |Thermos 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
Z _|Hood 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
AA |Degree Symbol 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
BB |Fan 3 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
CC |Surface 0 0 1 0 0 0 0 0 EE EE 0 EE 0 3 0
DD |Radiant Heat Lines 1 1 0 0 1 0 1 0 EE EE 3 EE 0 1 1
EE_|Multi-Panel 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
FF_|Ground 0 0 0 0 0 0 0 0 EE EE 0 EE 0 0 0
GG |Surprise Face 0 0 0 0 0 0 0 3 EE EE 0 EE 0 0 0
HH |Relief Valve 0 0 0 0 0 0 0 3 EE EE 0 EE 0 0 0
Il |Movement Lines 0 0 0 0 0 0 0 3 EE EE 0 EE 0 0 0
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61 62 63 64 65 66 67 68 69 70
Attributes U.S. U.S. | Indian| Indian | Indian | Indian| U.S. |Indian|Indian| U.S.
A __|Directional Arrow 3 0 3 0 EE 0 0 0 1 0
B |Safety Alert Symbol 0 3 0 0 EE 0 0 0 2 0
C _|Emmission Lines 3 3 3 3 EE 2 3 2 2 3
D |Pipe or Stack 2 0 3 0 EE 3 3 3 0 0
E__|2nd Color 0 3 3 3 EE 3 3 3 0 1
F __|Negative Face 0 3 0 0 EE 0 0 0 0 3
G __|Person 0 0 0 0 EE 0 3 0 0 1
H |vat 0 0 0 0 EE 0 0 0 0 0
| Thermometer 0 3 0 0 EE 0 0 0 0 0
J__[Flame 3 0 2 0 EE 0 0 3 3 0
K __|Cloud 0 0 0 0 EE 0 1 3 0 0
L |Exclamation Point 0 3 0 0 EE 0 0 0 0 0
M __|Vented Object 0 0 0 0 EE 1 0 0 0 0
N __|Particulates 0 0 0 0 EE 0 0 0 0 0
O __|Prohibition Symbol 0 0 0 0 EE 1 2 1 0 0
P |Emphasis Arrows 0 0 0 0 EE 0 0 0 0 0
Q |Structure 0 0 0 0 EE 0 0 0 0 0
R__|Skull/Crossbones 0 0 3 0 EE 0 0 0 0 0
S |Vulnerable Object 0 0 3 0 EE 0 0 0 0 0
T [Vent Grate 0 3 0 0 EE 3 0 0 0 1
U __|Positive Face 0 0 0 0 EE 0 0 0 0 0
V__ [Vector 0 0 0 0 EE 0 0 0 2 0
W __[Prohibited X 0 0 0 0 EE 0 0 0 0 0
X __|Hand 0 0 0 0 EE 0 2 3 0 0
Y __[Thermos 0 0 0 0 EE 0 0 0 0 0
Z _[Hood 0 0 0 0 EE 0 0 0 0 0
AA |Degree Symbol 0 0 0 0 EE 0 0 0 0 0
BB |Fan 0 0 0 3 EE 0 0 0 3 3
CC |Surface 2 0 0 0 EE 0 0 0 0 0
DD |Radiant Heat Lines 2 0 0 0 EE 0 3 0 0 3
EE |Multi-Panel 0 0 0 0 EE 0 0 0 0 0
FF_|Ground 0 0 0 0 EE 0 0 0 0 0
GG |Surprise Face 0 0 0 0 EE 0 0 0 0 0
HH |Relief Valve 0 0 0 0 EE 0 0 0 0 0
Il |Movement Lines 0 0 0 0 EE 0 0 0 0 0
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Attribute matrix produced by Panelist #1 for “Hotlaust”.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Attributes Indian| U.S. U.S. |Indian| U.S. |Indian|Indian| Indian|Indian| U.S. U.S. |Indian| U.S. |Indian| Indian

Directional Arrow 1 1

[

Safety Alert Symbol

Emmission Lines

Pipe or Stack

N

2nd Color

=

Negative Face

Person 1

Vat 1 1 1

Thermometer 1 1 1

Flame 1 1 1

[
[

Cloud 1 1

Exclamation Point 1 1

Vented Object 1 1

Particulates 1

Prohibition Symbol 1

Emphasis Arrows 1

Structure

Skull/Crossbones

Vulnerable Object 1

Vent Grate

Positive Face

Vector

Prohibited X

Hand

Thermos

Hood

;N-<><§<C—|U);U,O'UOZ§'_x‘—'_IOTIITIUOEU)>

Degree Symbol

BB _[Fan

CC [Surface

DD |Radiant Heat Lines

EE |Multi-Panel

FF _|Ground

GG [Surprise Face

HH [Relief Valve

Il |Movement Lines

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Attributes Indian| U.S. U.S. U.S. | Indian| U.S. U.S. U.S. U.S. | Indian| Indian| Indian| U.S. U.S. U.S.

Directional Arrow 1 1

Safety Alert Symbol 1

Emmission Lines 1 1 1 1 1 1 1 1 1 1 1

Pipe or Stack 1 1 1 1 1

[
[u
[
[u
[u
=

2nd Color 1 1 1 1 1 1 1 1 1 1 1

Negative Face

Person 1 1 1

Vat

Thermometer

Flame 1 1 1 1 1 1 1 1

Cloud 1

[

Exclamation Point 1 1

Vented Object

Particulates

Prohibition Symbol 1 1

Structure

Skull/Crossbones 1 1 1

Vulnerable Object 1 1 1 1

Vent Grate 1

=
=

Positive Face 1

Vector 1 1

Prohibited X 1 1

Hand 1

Thermos 1

Hood 1

A
B
C
D
E
F
G
H

|

J
K
L
M
N
o)
P |Emphasis Arrows
Q
R
S
T
U
Vi
W
X
Y
V4
AA

Degree Symbol 1

BB |Fan

CC |Surface

DD [Radiant Heat Lines

EE [Multi-Panel

FF_[Ground

GG [Surprise Face

HH [Relief Valve

Il [Movement Lines
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31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Attributes Indian| U.S. U.S. |Indian| Indian| U.S. U.S. | Indian| Indian| U.S. U.S. U.S. | Indian| U.S. |Indian
A __|Directional Arrow
B |Safety Alert Symbol 1
C __|Emmission Lines 1 1 1 1 1 1 1 1 1 1 1 1 1
D |Pipe or Stack 1 1 1 1 1 1
E _[2nd Color 1 1 1 1 1 1 1 1 1 1 1 1 1
F__|Negative Face
G __|Person 1 1 1 1 1
H |Vat 1
| Thermometer 1 1
J _|Flame 1 1 1 1
K |Cloud 1 1
L |Exclamation Point
M |Vented Object
N |Particulates 1 1
O |Prohibition Symbol 1 1 1
P |Emphasis Arrows
Q |Structure
R__[Skull/Crossbones
S [Vulnerable Object 1 1
T |Vent Grate 1 1 1
U [Positive Face
V__|Vector 1
W__|Prohibited X 1 1
X __|Hand 1
Y |Thermos
Z _|Hood
AA |Degree Symbol
BB _[Fan 1 1
CC [Surface 1 1 1
DD |Radiant Heat Lines 1
EE |Multi-Panel 1
FF _|Ground 1
GG [Surprise Face 1
HH [Relief Valve
Il |Movement Lines
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
Attributes Indian| U.S. |Indian|Indian| U.S. U.S. U.S. U.S. |Indian|Indian| U.S. |Indian| Indian|Indian| U.S.
A __|Directional Arrow 1 EE EE EE 1
B |Safety Alert Symbol EE EE EE
C __|Emmission Lines 1 1 1 1 1 1 EE EE 1 EE 1 1 1
D __[Pipe or Stack 1 1 1 1 1 EE EE 1 EE 1
E _[2nd Color 1 1 1 1 1 1 1 EE EE 1 EE 1
F__[Negative Face EE EE EE
G__[Person 1 1 EE EE EE 1
H |vat 1 EE EE EE
| Thermometer 1 EE EE EE
J Flame 1 1 1 EE EE 1 EE 1 1
K__[Cloud 1 1 1 1 EE EE EE 1
L |[Exclamation Point EE EE EE
M |Vented Object EE EE EE
N __[Particulates 1 1 1 EE EE EE
O__|Prohibition Symbol 1 1 EE EE EE
P__|Emphasis Arrows 1 EE EE EE
Q |Structure 1 EE EE EE
R__[Skull/Crossbones EE EE EE
S |Vulnerable Object 1 1 EE EE 1 EE 1
T |Vent Grate 1 1 EE EE EE 1
U _[Positive Face EE EE EE
V__|Vector EE EE EE
W __|Prohibited X 1 EE EE EE 1
X __|Hand EE EE EE
Y _|Thermos EE EE EE
Z _|Hood EE EE EE
AA [Degree Symbol EE EE EE
BB [Fan 1 EE EE EE
CC [Surface 1 EE EE EE 1
DD [Radiant Heat Lines EE EE 1 EE
EE [Multi-Panel EE EE EE
FF_[Ground EE EE EE
GG |Surprise Face 1 EE EE EE
HH [Relief Valve 1 EE EE EE
Il [Movement Lines 1 EE EE EE
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61 62 63 64 65 66 67 68 69 70
Attributes U.S. U.S. | Indian|Indian| Indian| Indian| U.S. |Indian|Indian| U.S.
A __|Directional Arrow 1 1 EE
B |Safety Alert Symbol 1 EE 1
C__|Emmission Lines 1 1 1 1 EE 1 1 1 1
D |Pipe or Stack 1 EE 1 1 1
E _[2nd Color 1 1 1 EE 1 1 1 1
F |Negative Face 1 EE 1
G__[Person EE 1 1
H [vat EE
| Thermometer 1 EE
J __|Flame 1 EE 1 1
K [Cloud EE 1
L [Exclamation Point 1 EE
M |Vented Object EE
N __[Particulates EE
O __[Prohibition Symbol EE 1 1
P |Emphasis Arrows EE
Q |Structure EE
R __[Skull/Crossbones 1 EE
S [Vulnerable Object 1 EE
T |Vent Grate 1 EE 1
U _[Positive Face EE
V__|Vector EE
W __|Prohibited X EE
X __[Hand EE 1 1
Y _|Thermos EE
Z _|Hood EE
AA |Degree Symbol EE
BB |Fan 1 EE 1 1
CC |Surface 1 EE
DD [Radiant Heat Lines 1 EE 1 1
EE [Multi-Panel EE
FF_[Ground EE
GG |Surprise Face EE
HH [Relief Valve EE
Il [Movement Lines EE

Attribute matrix produced by Panelist #2 for “HotHaust”.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Attributes Indian| U.S. U.S. |Indian| U.S. |Indian| Indian| Indian|Indian| U.S. U.S. [Indian| U.S. |Indian] Indian

Directional Arrow 1 1

Safety Alert Symbol

Pipe or Stack

1

Emmission Lines 1 1 1 1 1 1 1 1 1 1 1 1
1
1

2nd Color

Negative Face 1

[uN

Person

Vat 1 1 1

Thermometer 1 1 1

Flame 1 1 1

i
i

[
[

Cloud

[u

Exclamation Point 1

Vented Object 1

Particulates 1

Prohibition Symbol 1

=

Emphasis Arrows

Structure 1

Skull/Crossbones

Vulnerable Object

Vent Grate

Positive Face

Vector

Prohibited X

Hand

Thermos

Hood

;N-<><§<C—|(/J;UO?OZ§'_XL'_IOTIITIUOUJ>

Degree Symbol

BB _[Fan

CC |Surface

DD [Radiant Heat Lines

EE [Multi-Panel

FF_[Ground

GG [Surprise Face

HH [Relief Valve

Il [Movement Lines
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16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Attributes

Indian

U.S.

U.S.

U.S.

Indian

U.S.

U.S.

U.S.

U.S.

Indian

Indian

Indian

U.S.

U.S.

U.S.

Directional Arrow

1

1

Safety Alert Symbol

Emmission Lines

1

1

Pipe or Stack

1

=

=

1

2nd Color

G

Negative Face

Person

Vat

Thermometer

Flame

Cloud

i

Exclamation Point

Vented Object

Particulates

Prohibition Symbol

Emphasis Arrows

Structure

Skull/Crossbones

Vulnerable Object

Vent Grate

Positive Face

=

Vector

Prohibited X

Hand

Thermos

Hood

;N-<><§<C—|U)JU,O'UOZ§'_x‘—'_IOTIITIUOCU)>

Degree Symbol

Fan

Surface

Radiant Heat Lines

Multi-Panel

Ground

Surprise Face

Relief Valve

Movement Lines

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Attributes

Indian

U.S.

U.S.

Indian

Indian

U.S.

U.S.

Indian

Indian

U.S.

U.S.

U.S.

Indian

U.S.

Indian

Directional Arrow

Safety Alert Symbol

Emmission Lines

Pipe or Stack

[u

[

2nd Color

Negative Face

Person

Vat

Thermometer

Flame

Cloud

Exclamation Point

Vented Object

Particulates

Prohibition Symbol

Emphasis Arrows

Structure

Skull/Crossbones

Vulnerable Object

Vent Grate

Positive Face

Vector

[

Prohibited X

Hand

Thermos

Hood

;N-<><§<C—IU)E'O'UOZgl_x‘—'_IOTII'ﬂUOCU)>

Degree Symbol

Fan

=

Surface

Radiant Heat Lines

Multi-Panel

Ground

Surprise Face

Relief Valve

Movement Lines
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46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Attributes Indian| U.S. | Indian|Indian| U.S. U.S. U.S. U.S. |Indian|Indian| U.S. |Indian] Indian|Indian| U.S.
A __|Directional Arrow 1 1 EE EE EE 1 1
B |Safety Alert Symbol EE EE EE
C __|Emmission Lines 1 1 1 1 1 1 EE EE 1 EE 1 1
D __[Pipe or Stack 1 1 1 1 EE EE 1 EE 1 1
E _[2nd Color 1 1 1 1 1 1 1 EE EE 1 EE 1 1
F |Negative Face EE EE EE
G__[Person 1 1 EE EE EE 1
H [vat 1 EE EE EE
| Thermometer 1 EE EE EE
J __|Flame 1 1 1 EE EE 1 EE 1 1
K _[Cloud 1 1 1 1 EE EE EE
L [Exclamation Point EE EE EE
M |Vented Object EE EE EE
N __[Particulates 1 1 1 1 EE EE EE
O __[Prohibition Symbol 1 EE EE EE
P |Emphasis Arrows EE EE EE
Q |Structure 1 EE EE EE 1
R__[Skull/Crossbones EE EE EE
S [Vulnerable Object 1 EE EE 1 EE 1
T |Vent Grate 1 1 1 EE EE EE 1
U [Positive Face EE EE EE
V__|Vector EE EE EE
W __|Prohibited X 1 EE EE EE 1
X __|Hand EE EE EE
Y _|Thermos EE EE EE
Z |Hood EE EE EE
AA |Degree Symbol EE EE EE
BB |[Fan 1 EE EE EE
CC |Surface EE EE EE 1
DD [Radiant Heat Lines 1 EE EE 1 EE 1
EE [Multi-Panel EE EE EE
FF_[Ground EE EE EE
GG |Surprise Face 1 EE EE EE
HH [Relief Valve 1 EE EE EE
Il [Movement Lines 1 EE EE EE

61 62 63 64 65 66 67 68 69 70

Attributes U.S. U.S. |Indian| Indian| Indian| Indian| U.S. |Indian|Indian| U.S.
A _|Directional Arrow 1 1 EE
B |Safety Alert Symbol 1 EE 1
C__|Emmission Lines 1 1 1 1 EE 1 1 1 1
D |Pipe or Stack 1 1 EE 1 1 1
E |2nd Color 1 1 1 EE 1 1 1
F__|Negative Face 1 EE 1
G __|Person EE 1
H [vat EE
| Thermometer 1 EE
J __|Flame 1 1 EE 1 1
K__[Cloud EE 1
L |Exclamation Point 1 EE
M |Vented Object EE
N |Particulates EE
O __[Prohibition Symbol EE 1 1
P |Emphasis Arrows EE
Q |Structure EE
R__[Skull/Crossbones 1 EE
S |Vulnerable Object 1 EE
T |VentGrate 1 EE 1 1
U _|Positive Face EE
V__|Vector EE 1
W __|Prohibited X EE
X __|Hand EE 1 1
Y __|Thermos EE
Z __|Hood EE
AA |Degree Symbol EE
BB |Fan 1 EE 1 1
CC |Surface 1 EE
DD [Radiant Heat Lines 1 EE 1 1
EE [Multi-Panel EE
FF_[Ground EE
GG |Surprise Face EE
HH |Relief Valve EE
Il [Movement Lines EE
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Attribute matrix produced by Panelist #3 for “HotHaust”.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Attributes Indian| U.S. U.S. |Indian| U.S. |Indian|Indian| Indian|Indian| U.S. U.S. |Indian| U.S. |Indian| Indian

Directional Arrow 1 1 1

Safety Alert Symbol

Emmission Lines

Pipe or Stack

N

2nd Color

=

Negative Face

Person 1

Vat

Thermometer 1 1 1

Flame 1 1 1

[
[

Cloud 1 1

Exclamation Point 1 1

Vented Object 1

Particulates 1

Prohibition Symbol 1

=

Emphasis Arrows

Structure 1

Skull/Crossbones

Vulnerable Object

Vent Grate

Positive Face

Vector

Prohibited X

Hand

Thermos

Hood

;N-<><§<C—|U)JU'O'UOZ§'_x‘—'_IOTIITIUOCD)>

Degree Symbol

BB _|[Fan

CC [Surface

DD |Radiant Heat Lines

EE |Multi-Panel

FF _|Ground

GG [Surprise Face

HH [Relief Valve

Il |Movement Lines

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Attributes Indian] U.S. U.S. U.S. | Indian| U.S. U.S. U.S. U.S. | Indian| Indian| Indian| U.S. U.S. U.S.

Directional Arrow 1 1 1

Safety Alert Symbol 1

Emmission Lines 1 1 1 1 1 1 1 1 1

Pipe or Stack 1 1 1 1 1 1 1 1 1 1

2nd Color 1 1 1 1 1 1 1 1 1

Negative Face

Person 1 1 1

Vat 1

Thermometer

Flame 1 1 1 1 1 1 1

Cloud 1 1 1

i

Exclamation Point 1

Vented Object 1

Particulates

Prohibition Symbol 1 1

Structure

Skull/Crossbones 1 1 1

Vulnerable Object 1 1 1

Vent Grate 1 1 1

[

Positive Face

Vector 1

Prohibited X 1 1

Hand 1 1

Thermos 1

Hood 1

A
B
C
D
E
F
G
H

|

J
K
L
M
N
o
P |Emphasis Arrows 1
Q
R
S
T
U
\
W
X
Y
V4
AA

Degree Symbol 1

BB _|[Fan

CC [Surface

DD |Radiant Heat Lines

EE |Multi-Panel

FF_[Ground

GG [Surprise Face

HH |Relief Valve

Il [Movement Lines
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31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Attributes Indian| U.S U.S. |Indian| Indian| U.S. U.S. | Indian | Indian| U.S U.S U.S. | Indian| U.S. |Indian
A __|Directional Arrow
B |Safety Alert Symbol 1
C _|Emmission Lines 1 1 1 1 1 1 1 1 1 1 1 1
D |Pipe or Stack 1 1 1 1 1 1 1
E |2nd Color 1 1 1 1 1 1 1 1 1
F__|Negative Face
G__[Person 1 1 1 1
H |Vat
| Thermometer 1 1
J _|Flame 1 1 1
K_[Cloud 1 1 1
L [Exclamation Point
M |Vented Object 1
N __[Particulates 1
O __[Prohibition Symbol 1 1 1
P |Emphasis Arrows 1
Q |Structure
R__[Skull/Crossbones
S [Vulnerable Object 1 1 1
T |Vent Grate 1 1 1 1 1
U _[Positive Face
V__|Vector 1
W __|Prohibited X 1 1
X __|Hand 1
Y __[Thermos
Z __|Hood
AA |Degree Symbol
BB _[Fan 1 1
CC [Surface
DD |Radiant Heat Lines 1 1
EE |Multi-Panel 1
FF |Ground 1
GG [Surprise Face 1
HH |Relief Valve
Il [Movement Lines
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
Attributes Indian| U.S. |Indian|Indian| U.S. U.S. U.S. U.S. |Indian|Indian| U.S. |Indian|Indian|Indian| U.S.
A _|Directional Arrow 1 EE EE EE 1
B |Safety Alert Symbol EE EE EE
C __|Emmission Lines 1 1 1 1 1 EE EE 1 EE 1 1 1
D __[Pipe or Stack 1 1 1 1 1 EE EE 1 EE 1
E _[2nd Color 1 1 1 1 1 1 EE EE 1 EE 1
F _|Negative Face EE EE EE
G__[Person 1 EE EE EE 1
H |Vat EE EE EE
| Thermometer 1 EE EE EE
J Flame 1 1 1 EE EE 1 EE 1
K |Cloud 1 1 1 1 EE EE EE 1
L |Exclamation Point EE EE EE
M _|Vented Object EE EE EE
N __|Particulates 1 1 1 EE EE EE
O |Prohibition Symbol 1 EE EE EE
P |Emphasis Arrows 1 EE EE EE 1
Q |Structure 1 EE EE EE
R __|Skull/Crossbones EE EE EE
S |Vulnerable Object 1 1 EE EE 1 EE 1
T |Vent Grate 1 1 1 EE EE EE 1
U _[Positive Face EE EE EE
V__|Vector EE EE EE
W __|Prohibited X 1 EE EE EE 1
X__|Hand EE EE EE
Y __|Thermos EE EE EE
Z _|Hood EE EE EE
AA |Degree Symbol EE EE EE
BB |Fan 1 EE EE EE
CC |Surface EE EE EE 1
DD |Radiant Heat Lines 1 1 1 EE EE 1 EE 1
EE |Multi-Panel EE EE EE
FF _|Ground EE EE EE
GG |Surprise Face 1 EE EE EE
HH |Relief Valve 1 EE EE EE
Il |Movement Lines 1 EE EE EE
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61 62 63 64 65 66 67 68 69 70
Attributes U.S. U.S. |Indian| Indian| Indian| Indian| U.S. |Indian|Indian| U.S.
A __|Directional Arrow 1 1 EE 1
B |Safety Alert Symbol 1 EE
C _|Emmission Lines 1 1 1 1 EE 1 1 1 1
D |Pipe or Stack 1 1 EE 1 1 1
E |2nd Color 1 1 1 EE 1 1 1
F__|Negative Face 1 EE 1
G__[Person EE 1
H |vat EE
| Thermometer 1 EE
J Flame 1 1 EE 1 1
K [Cloud EE 1 1
L [Exclamation Point 1 EE
M |Vented Object EE 1
N __[Particulates EE
O __[Prohibition Symbol EE
P |Emphasis Arrows EE
Q |Structure EE
R__[Skull/Crossbones 1 EE
S [Vulnerable Object 1 EE
T |Vent Grate 1 EE 1
U _[Positive Face EE
V__|Vector EE 1
W __|Prohibited X EE
X __|Hand EE 1
Y __[Thermos EE
Z __|Hood EE
AA |Degree Symbol EE
BB |Fan 1 EE 1 1
CC [Surface EE
DD |Radiant Heat Lines EE 1 1
EE |Multi-Panel EE
FF |Ground EE
GG [Surprise Face EE
HH |Relief Valve EE
Il [Movement Lines EE
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APPENDIX 4.7

“Hot Exhaust” Symbols voted as Egregious Error kyezt panel

54 | 55
é\—‘f: N
? Abn
S
65 57
ol
L WEE
Py <
(ijﬁ.. .Lﬁnfd,-ﬁ"'“ T

Each of these symbols was drawn for the refereot Tkhaust” and was discarded by
majority vote of the expert panel. The panel pgeaxkthat the artists did not understand
the intent of the referent or did not portray theent in their picture.

These symbols were not included in the clustermoggss to prevent passing potentially
erroneous symbol attributes into the DIGA symbdide tool, perhaps at the expense of
attributes contributing to adequate symbol designs.

Note: No symbols were labeled “Critical Confusion” foettHot Exhaust” referent.
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“Do Not Touch with Wet Hands” Symbols voted as Eppes Error by expert panel

A w
b &6

49 60

:{dg%@

S e
L N N

Each of these symbols was drawn for the
63 referent “Do Not Touch with Wet Hands”
m and was discarded by majority vote of the
\” expert panel. The panel perceived that the
» «’ artists did not understand the intent of the
referent or did not portray the intent in their
picture.

These symbols were not included in the
=~ clustering process to prevent passing
potentially erroneous symbol attributes into

the DIGA symbol design tool, perhaps at the
expense of attributes contributing to
adequate symbol designs.
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“Do Not Touch with Wet Hands” Symbols voted astiCal Confusion by expert panel

37

J 45

NO WerT

59
HANDS

Each of these symbols was drawn for the referentNIDt Touch with Wet Hands” and
was discarded by majority vote of the expert pafidle panel perceived that the artists
portrayed an opposite meaning to the intent oféfierent, or that the symbol encouraged
unsafe behavior.

These symbols were not included in the clustermoggss to prevent passing potentially

critically confusing symbol attributes into the DAGymbol design tool, perhaps at the
expense of attributes contributing to adequate symidsigns.
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APPENDIX 4.8

K-means clustering results

Referent Stratum K RSS I d Womall Wiarge Attributes
Total  Eliminated  Final

Hot American 3 42 1.1 0976 31% 34% 35 31

Exhaust Indian 5 19 1.63 1 16% 26% 35 31 4

All 5 37 141 1 17% 24% 35 32 3

Do Not  American 3 21 294 0976 16% 47% 28 23

WiTt?]ch\:/r;t Indian 4 20 271 0949 14% 38% 28 22
Hands All 4 27 373 1 11% 41% 28 23 5

" An attribute was eliminated if it did not appear in the aagdtof any cluster in the final clustering run

reported in this table.

Key to the semantic symbol attributes for “Hot exsta

Attribute Name

Pictorial Description

Directional Arrow

An arrow indicating the direction of flow or movement

Safety Alert Symbol |A standard triangle with an exclamation point indicating danger or hazard
Emmission Lines Any straight, dotted, wavy or other lines representing pneumatic flow
Pipe or Stack A cylindrical or conical transmission line with an open end

2nd Color The deliberate use of an additional color to emphasize part of the drawing
Negative Face A facial expression meant to specifically indicate negative feelings
Person All or part of a human body

Vat A tank or wide-mouthed opening that is the source of the exhaust
Thermometer A traditional mercury thermometer intended to indicate high temperatures
Flame A flame or fire intended to indicate high temperatures or combustion
Cloud A fine mist or emission cloud

Exclamation Point

An exclamation point symbol found outside of a safety alert symbol

Vented Object

A 3-D object with a vent or grate on one side

Particulates

A type of emission that is intended to indicate solid particles

Prohibition Symbol

The traditional circle/slash intended to indicate "Do Not..."

Emphasis Arrows

Arrows drawn to point or call attention to a portion of the symbol

Structure

All of or part of a building, such as a wall or column

Skull/Crossbones

The traditional "toxic" or "danger" symbol of a skull and crossbones

Vulnerable Object

Any non-specific shape placed in the vulnerable area of the exhaust stream

ZIN[<|x|=|<|c|4|0|mlo]v|o|z|z |~ |x|<|-|z|a|n|m|o]|o]|w|>

Vent/Grate A slotted grate or vent which is the source of emissions
Positive Face A facial expression meant to specifically indicate positive or good feelings
Vector An arrow intended to communicate both distance and direction
Prohibited X An "X" or cross used in place of the traditional circle/slash prohibition symbol
Hand A hand or arm without the rest of the human body
Thermos A classic camping or lunch pail thermos
Hood A fume hood
Degree Symbol The " °" symbol intended to indicat e temperature
BB [Fan A rotating fan affecting the emissions
CC|Surface A 2-D flat surface
DD |Radiant Heat Lines |Wavy lines intended to communicate "heat" rather than an emission
EE [Multi-Panel More than one scene is depicted in the symbol to tell a more complete story
FF |Ground The floor or earth is specifically included
GG|Surprise Face A facial expression, neither positive nor negative, intended to express surprise
HH |Relief Valve A valve, switch, or cut-off handle

Il |Movement Lines

Lines, either straight or curved, intended to show that objects are in motion
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Results of K-means clustering of the consensubatér matrix for the “Hot exhaust”
referent with combined strata. The bolded and Umaetrows in the table indicate the
nearest drawing to the centroid of the cluster.

Drawing | custer] stratum | Attribute |
Number

8 1 Indian

11 1 American

12 1 Indian

15 1 Indian

18 1 American

22 1 American

24 1 American

28 1 American

29 1 American

30 1 American

33 1 American

41 1 American

49 1 Indian

66 1 Indian

68 1 Indian

69 1 Indian

2 2 American

3 2 American

4 2 Indian

19 2 American

34 2 Indian

35 2 Indian

40 2 American

46 2 Indian RR
47 2 American
50 2 American =N
53 2 American
59 2 Indian =N
10 3 American
16 3 Indian 313
17 3 American 313
23 3 American 313
37 3 American 313
43 3 Indian
51 3 American 3|3
56 3 American 313
58 3 Indian 313
61 3 American N
63 3 Indian
6 4 Indian

31 4 Indian

36 4 American

39 4 Indian

42 4 American

45 4 Indian

48 4 Indian

60 4 American

62 4 American

64 4 Indian

70 4 American

1 5 Indian

5 5 American

7 5 Indian

9 5 Indian

13 5 American

14 5 Indian

20 5 Indian

21 5 American

25 5 Indian

26 5 Indian

27 5 Indian

32 5 American

38 5 Indian

44 5 American

52 5 American

67 5 American
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Results of K-means clustering of the consensubatér matrix for the “Hot exhaust”,
U.S. stratum. The bolded and underlimedss in the table indicate the nearest drawing to
the centroid of the cluster.

Drawing Cluster| Stratum | Altribute I
Number

2 1 American

19 1 American |1 3l 3\

28 1 American R\ N N

36 1 American W

37 1 American N [ 3]

40 1 American -

41 1 American

44 1 American

51 1 American

53 1 American

67 1 American

70 1 American

10 2 American

11 2 American

18 2 American

22 2 American N

24 2 American

29 2 American W

30 2 American

33 2 American

42 2 American

47 2 American

60 2 American

61 2 American

3 3 American N\

5 3 American

13 3 American

17 3 American

21 3 American

23 3 American

32 3 American

50 3 American R N N

52 3 | American [ 3]

56 3 American

62 3 American

193



Results of K-means clustering of the consensubatér matrix for the “Hot exhaust”,
Indian stratum. The bolded and underlimeds in the table indicate the nearest drawing
to the centroid of the cluster.

Attribute

Drawing Cluster Stratuml
Number

8 1 Indian

12 1 Indian

25 1 Indian

49 1 Indian R\

66 1 Indian

68 1 Indian

69 1 Indian

6 2 Indian

31 2 Indian

34 2 Indian

39 2 Indian

43 2 Indian

45 2 Indian

48 2 Indian

64 2 Indian

4 3 Indian

15 3 Indian

35 3 Indian

46 3 Indian

59 3 Indian R
1 4 Indian 3
16 4 Indian 3
27 4 Indian 3
58 4 Indian 3
63 4 Indian 3
7 5 Indian 3
9 5 Indian 3
14 5 Indian 3
20 5 Indian 3
26 5 Indian 3
38 5 Indian 3

N\

®
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Key to the semantic symbol attributes for “Do raic¢h with wet hands”

Attribute Name

Pictorial Description

Single Hand

One hand or arm without the rest of the human body

1-D Surface

A single line indicating a surface

Multiple Water Drops

More than one droplet of water

Prohibition Symbol

The traditional circle/slash intended to indicate "Do Not..."

2nd Color -

The deliberate use of an additional color to emphasize part of the drawing

Skull/Crossbones

The traditional "toxic" or "danger" symbol of a skull and crossbones

Faucet

A simple kitchen or bathroom faucet serving as a source of water

Prohibition X

An "X" or cross used in place of the traditional circle/slash prohibition symbol

Liquid Container

An enclosed volumen intended to suggest that liquid is held inside

2-D Panel

A 2-D shape representing a surface

Lightning Bolts

Several common, jagged lines representing shock or danger

Single Water Drop

A single droplet of water

3-D Object

A 3-D shape with a volume

Multi-Panel

More than one scene is depicted in the symbol to tell a more complete story

Water Ripple

Ripples or waves used to portray a liquid

Spark

Any small particulate emission intended to indicate shock or danger

Single Lightning Bolt

A lone common, jagged line representing shock or danger

Energized Equipment

A generic box or device that is intended to appear electrically sensitive

Two Hands

Two hands or arms are present without the rest of the human body

Puddle

A small amount of water collected on a surface or the ground

Person

A substantial portion of the human body is visible

Sequence Arrow

An arrow inserted to show cause and effect

Rain Cloud

A cloud drawn to represent a weather phenomenon that is emitting water drops

Surprised Face

A facial expression, neither positive nor negative, intended to express surprise

Permissable Circle

A circle without a slash or "X" intended to portray an action that is good

Happy Face

A facial expression meant to specifically indicate positive or good feelings

Mr. Sparky

A specific symbol design of an electric "lightning bolt" inside of a human body

22 [N<[x|g|<|c]H|o|mlo|o|o|z|z | [x|<|-|x|a|n|m|o|o]|=|>

Heat Waves

Wavy lines intended to communicate "heat" rather than an emission
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Results of K-means clustering of the consensubatér matrix for the “Do not touch
with wet hands” referent with combined strata. Do&ed and underlinebws in the
table indicate the nearest drawing to the centbitie cluster.

Attribute

Drawing

Number Cluster| Stratum yy cTDo
8 1 American| 3 3
14 1 Indian 3 3
27 1 Indian 3 3
32 1 Indian 3
47 1 Indian 3
65 1 American 3
68 1 American| 3
5 2 American| 3 3
6 2 Indian 3 3
9 2 Indian 3 3
10 2 American| 3 3
12 2 Indian 3 1
15 2 Indian 3 3
18 2 American| 3 3
23 2 American| 1 3
25 2 American| 3 3
30 2 Indian 3 3
33 2 Indian 3
34 2 Indian 3 3
35 2 Indian 3 3
41 2 Indian 3 3
42 2 Indian 3 3
44 2 Indian 3 3
46 2 Indian 3 3
50 2 Indian 3 3
54 2 Indian 3 311
55 2 Indian 3 3
57 2 American| 3 3
58 2 American| 3 3
64 2 Indian 3 3
3 3 Indian 3 3[3
4 3 Indian 3 3|3
7 3 American| 3 3 (3
11 3 American| 3 3
13 3 American| 3 3(3
17 3 Indian 3 3
19 3 American| 3 313
20 3 American| 3 3
21 3 Indian 3 313
22 3 American| 3 3(3
24 3 American| 3 3(3
26 3 American 3
28 3 American| 3 3(3
29 3 American| 3 3|3
31 3 American| 3 3|3
36 3 American| 3 313
38 3 American| 3 3(3
39 3 American| 3 3[3
40 3 American| 3 313
43 3 American| 1 313
48 3 American| 3 313
53 3 Indian 3 3(3
61 3 American| 3 313
62 3 Indian 3(3
66 3 American| 3 3|3
16 4 Indian 3 311
51 4 Indian 311
52 4 Indian 3 3|1
56 4 American| 1 3[(1
67 4 American| 3 3[(1
70 4 American| 3 3(1

G|H
3[3
3[3
313
3[3
31
3(3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

KI{LIM|N|JO|P|Q|IR|S|TJU]JV|IW|[X]Y] Z]|AA|BB

3
3
1 3
3
1]3
3
3
3
3
3
3
1] 3
3
3
3
3
3
1
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Results of K-means clustering of the consensubatér matrix for the “Do not touch
with wet hands” referent, U.S. stratum. The boldad underlinedows in the table
indicate the nearest drawing to the centroid ofclbster.

Attribute |

Drawing | oy ster| stratum
Number
5 1 American
8 1 American
10 1 American
18 1 American
23 1 American
25 1 American
57 1 American
58 1 American
65 1 American
67 1 American| 3
68 1 American| 3
70 1 American| 3
7 2 American| 3
20 2 American|] 3
28 2 |American] 3
38 2 American|] 3
56 2 American| 1
11 3 American| 3
13 3 American] 3
19 3 American| 3
22 3 American|] 3
24 3 American|] 3
26 3 | American Y
29 3 American| 3 3
31 3 American| 3 3
36 3 American|] 3 3
39 3 American| 3 3
40 3 American|] 3 3
43 3 American| 1 3
48 3 American|] 3 3
61 3 American| 3 3
66 3 American| 3 3
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Results of K-means clustering of the consensubatér matrix for the “Do not touch
with wet hands” referent, Indian stratum. The bdlded underlinedows in the table
indicate the nearest drawing to the centroid ofclbster.

198

Drawing [ ~ster| stratum Attribute |
Number A|lB|C|D G|H JIK|JL|{M|NJO|P|[Q|R|S|T|JU|JV|IW|X]|]Y]| Z]|AA|BB
3 1 Indian | 3] 3] 3] 3

4 1 Indian | 3 3]3 3

16 1 Indian | 3 3|1

17 1 Indian | 31 1] 3

21 1 Indian | 3 313

30 1 Indian | 3 3 3

51 1 Indian 3]13]1 1

52 1 Indian | 3 311

53 1 Indian | 3 3]3 3

62 1 Indian 313 3 3

6 2 Indian | 3 3 3

9 2 Indian | 3 3 3

12 2 Indian | 3 1 3 111)3

15 2 Indian | 3 3 3

33 2 Indian 3 3

34 2 Indian | 3 3 3

35 2 Indian | 3 3 3

41 2 Indian | 3 3 3

42 2 Indian | 3 3 3

46 2 Indian | 3 3 3

54 2 Indian | 3 311 3 3

44 3 Indian | 3 3 3 3
50 3 Indian | 3 3 3 3
55 3 Indian | 3 3 3 3
64 3 Indian | 3 3 3 3 3
14 4 Indian | 3 3 313 3 3

27 4 Indian | 3 3 3[3

32 4 Indian 3 3[3

47 4 Indian | 3 31 3 3



APPENDIX 5.1

Information letter approved by the auburn univegrsistitutional review board for
designing symbols using interactive evolutionargnpatation and focus groups.

Auburn University

Auburn University, Alabama 36849-5346

Samuel Ginn College of Engineering

Department of Principal Investigator: Adam Piper
Industrial and Systems Engineering (334) 844-1415 — piperak@auburn.edu
3301 Shelby Center Faculty Advisor: Dr. Jerry Davis
Fax: (334) 844-1381 (334) 844-1411 — davisga@auburn.edu

(NOTE: DO NOT AGREE TO PARTICIPATE UNLESS AN IRB APPROVAL
STAMP WITH CURRENT DATES HAS BEEN APPLIED TO THIS
DOCUMENT.)

INFORMATION LETTER
for a Research Study entitled
“Designing Safety Symbols in Focus Groups with Artificial Intelligence Assistance”

You are invited to participate in a research study to compare the design of safety
symbols in traditional focus groups with that from artificial intelligence-assisted groups.
The study 1s being conducted by Adam Piper. under the direction of Dr. Jerry Davis 1n
the Auburn University Department of Industrial and Systems Engineering. You were
selected as a possible participant because you are an Auburn University undergraduate or
graduate student and you are age 19 or older.

What will be involved if vou participate? If you decide to participate in this research
study, you will evaluate safety symbol designs produced on a computer using artificial
intelligence, or you will produce your own symbol designs by hand and help evaluate the
others’ designs. A total time commitment of two hours is required in either case.

Are there any risks or discomforts? Since you will be providing information regarding
your age, gender, birth country, ete., there is always some risk of a breach of
confidentiality which could allow you to be indirectly identified from this information.
Therefore, security measures will be maintained to ensure that only Mr. Piper and Dr.
Davis have access to the information you provide, and that this information will be
destroyed at the conclusion of this research. No names or direct identification
mformation will ever be attached to the symbol drawings you produce, and these
drawings will only be displayed completely anonymously in any publications or
presentations resulting from this research. It is also possible that you could experience
slight fatigue in your hands and arms or in your eyes during the time spent drawing on
the digital whiteboard or using the computer mouse. Therefore, you will be encouraged
to take breaks at least every few minutes or more often if necessary.
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Are there any benefits to vourself or others? You may increase your familiarity with
safety warning messages which could inerease your comprehension of important safety
warning signs encountered in the future.

Will you receive compensation for participating? To thank you for your time, you
will be offered $40. To receive this compensation, you need to provide your student
banner # and a local mailing address which will be sealed and delivered to the ISE
Department confidentially. International students will also need to compete the Alien
Tax Information Form if they have not already done so. The investigators will not have
access to this information. A check for $40 will be mailed to your address, or $40 will be
transmitted to your account via direct deposit if you have previously arranged for this
transaction with the university. The student is responsible for all taxes on this amount.

If you change your mind about participating, you can withdraw at any time during the
study. Your participation is completely voluntary. If you choose to withdraw, your data
can be withdrawn as long as it 1s identifiable. Your decision about whether or not to
participate or to stop participating will not jeopardize your future relations with Auburn
University or the Department of Industrial and Systems Engineering. Withdrawal will
not jeopardize your compensation.

Any data obtained in connection with this study will be evaluated and stored
anonymously. We will protect vour privacy and the data you provide by ensuring that
the symbol designs are not linked to your identifiable information. Only the symbol
designs produced by your entire focus group will be saved. Information collected
through your participation may be used to fulfill a requirement for a doctoral dissertation,
published in a professional journal and/or presented at a professional meeting.

If you have questions about this study contact Adam Piper at (334) 844-1415 or
piperak@auburn.edu , or Dr. Jerry Davis at (334) 844-1411 or davisga@auburn.edu.

If vou have guestions about vour rights as a research participant, you may contact
the Auburn University Office of Human Subjects Research or the Institutional Review
Board by phone (334)-844-5966 or e-mail at hsubjec@auburn.edu or
IRBChair@auburn.edu.

HAVING READ THE INFORMATION PROVIDED, YOU MUST DECIDE IF YOU
WANT TO PARTICIPATE IN THIS RESEARCH PROJECT. IF YOU DECIDE TO
PARTICIPATE. THE DATA YOU PROVIDE WILL SERVE AS YOUR
AGREEMENT TO DO SO. THIS LETTER IS YOURS TO KEEP.

Investigator's signature Date

Adam Piper
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APPENDIX 5.2

Instructions and Data Collection form for partiaigain the DIGA experiment.

The purpose of this research is to understandittus lof symbols you prefer to see on a
safety sign. Safety signs are placed near theitocaf a hazard to communicate risk.

Your role in this study will be to evaluate a serid simple pictures, or symbols, that
could be added to a sign to communicate a safesgage without using any text at all.
You will perform this task within a group of appimately 10-20 people. You will
evaluate symbols on a computer monitor to deteriithey communicate a given safety
message simply, clearly and completely. The sysill be produced by an artificial
intelligence system on a computer based on theaetes of all members of the group.
Therefore, they will not always be of the highesistic quality. When you evaluate
them, you may assume that the pictures will beangdrby an artist who will correct any
small glitches. Your task will be to anticipateiathsymbols, if cleaned up and redrawn,
would be preferred the most by others like you.

Each participant will be assigned his/her own cormpuYou will be given a simple
safety message as well as a brief example of lmestivhere this hazard might be found.
If you have questions about this safety messagéfriee to ask the researchers. When
the researchers begin the study, you will see syngbols randomly arranged on your
monitor. Select the symbol that most simply, dieand completely portrays the
message. Once you have selected the best symlmt the next best remaining symbol,
continuing in this manner until all nine symbolsédeen selected. If you make a
mistake or would like to change your response cseliee of the symbols to unselect it
and all symbols selected after it. Reselect tis lgnaining symbols one at a time until
all nine have been selected.

Once you have evaluated all nine symbols in thismeg, click the “submit” button and
wait until everyone finishes this selection routhen the round is complete, you will
receive a new set of nine symbols to evaluateadeleepeat this process until the
researchers announce that the trial is finished.

Thank you for your participation! Please compléiinformation below before you
begin the activity.

Age Gender (circle one): M / F
In what country were you born?
For how many years did you live in your birth cayft
What country do you consider to be your home cgintr
What language do you speak in your home most often?

Do you consider yourself to speak English fluen{lyicle one) Yes / No
At what age do you first remember reading or speakinglish fluently?
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Instructions and Data Collection form for partiaipain the Focus Group experiment.

The purpose of this research is to understandittus lof symbols you prefer to see on a
safety sign. Safety signs are placed near theitwcaf a hazard to communicate risk.

Your role in this study will be to design a simpieture, or a symbol, that could be
added to a sign to communicate a safety messapewvitising any text at all. You will
perform this task within a focus group of approxietya 10-20 people. This symbol you
design should communicate the safety message giwvél clearly and completely.
However, do not worry about making a pretty or higlality drawing. Artistic skill or
well-drawn pictures are not important to this reska As long as you or your group
members can explain what you picture means, theill ibe fine.

You will be drawing your picture on paper at fivsith no input from others in your focus
group. Once each member of your group has créagéter own personal design on
paper, each of you will reveal all designs to theug and discuss your favorites. After
reviewing each member’s designs, the group wikdaine the best design
characteristics and combine them into a new, finalip design. This final symbol
should be drawn on the SmartBoard system whichbgikaved by the researchers.

You will be given three different symbols to desigrthis fashion, one at a time. To help
you, you will also be given a description of thedwals and locations where symbols like
your drawing may be needed. You may take up tm@ites to draw your own symbol,
and then the group will have 20 minutes to diseuskcreate the final group design. The
researchers will remind you periodically of thegimemaining on each picture, although
you may have more time if you need it. After yavé completed three symbols in this
manner, the exercise will be finished.

Thank you for your cooperation! Please complegeinformation below before you
begin the activity.

Age Gender (circle one): M / F

In what country were you born?

For how many years did you live in your birth cayft

What country do you consider to be your home cgintr

What language do you speak in your home most often?

Do you consider yourself to speak English fluen{lyifcle one) Yes / No

At what age do you first remember reading or speakinglish fluently?
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APPENDIX 5.3

Blank forms for drawing symbols during the focusuyp experiment.

“Hot Exhaust.”

Description: Many processes and pieces of equipment release heated
air or fumes into the working environment.

WARNING
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“Do Not Touch with Wet Hands.”

Description: Many processes and products can be dangerous when

WARNING
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APPENDIX 5.4

Sample evaluation survey question for “Do Not Toudth Wet hands”

Pleaze look at the safety symbaol below, Answer the guestions with specific and
brief answers.

¥ 1, Exactly what do you think this symbol means?

¥ 3, What action would you take in response to this symbal?
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Symbol Comparison Final 2

Each of the symbols below is trying to communicate the same message:

"Do Mot Touch with Wet Hands"

Symbol #2

§
O

symbol #4 Symbol #5

mbal #8 Symbaol #9

* 1. Each the symbols above is trying to communicate this message:
"Do Mot Touch with Wet Hands"

Which one of these symbols do you think would be the easiest for people to understand?

l:::l Symbol #1 C} Symbel #4 {j Symbeol #7
O Symbol #2 \:,\' Symbeol #5 'f::, Symbol #8
f::l Symbol £3 C_:' Symbol #6 Ii_:] Symbaol #9
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APPENDIX 5.5

DIGA Group 1 “Hot Exhaust” & “Do Not Touch with Weétands” top-ranked symbols

#9

G

**#“‘1.. _#PZ #3 #4
#5 #6 #7 , f I
W ] /’ /& ™
9 #10 _#11 #12
#1 #2 #3 "y
L® @
byd
#5 #6 #7
< 3
" f:b 5o
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DIGA Group 2 “Hot Exhaust” & “Do Not Touch with Wetands” top-ranked symbols
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DIGA Group 3 “Hot Exhaust” & “Do Not Touch with Wetands” top-ranked symbols.
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DIGA Group 4 “Hot Exhaust” & “Do Not Touch with Wetands” top-ranked symbols.




