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Abstract

Usabiity is still a relatively new field of focus for Industrial Design, and it is an area with
proven monetary and lfsaving value. Of particular interest to usability is the design of medical
devices with complex interfaces, which often operate in-m#epance scenarios when lives are
on the line. In the design of these devices, unclear usability resulting in improper use is not an
option. Product Semantics, the study of meaning applied to products; Semiotics, the study of
sign-making; Information Process, the study of how humans take in and deal with
information, are all studies of usability in some dimensions. All have their own strengths and
weaknessed his thesis aims to create a design tool that will allow the industrial designer to take
advantage of the benefits of all three areas in the design process of novel medical devices with

complex interfaces.
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Chapter 1 Introduction

1.1 Problem Statement

The design of physical interfaces in product design is often handled by an Industrial
Designerthey are th@neswho shape the controls, buttons, screens, and other interface
elements of a producthe design of these interfaces has a profound impact on how easy it is for
a user to understand, learn, and interact with the interfiloggever, in traditional Industrial
Designhow i nterfaces are judged on theimnAintuidt
how a select few people interact withtite Designer often included, and at worst, solely the
Designerdéds opinion on what is Aintuitiveo.

The logic here is circular; it is intuitive because pedgptehe Designergan use it, and
people can use it because it is intuitive. This platitude may be technical{amaishould not
minimize the role of user testing of an interfad®)t gives very little insight into wth qualities,
methods, and cugsovidegood understanding and usabilitytothe Usdr t he pr oduct 6s
interface Further research is needed to understaimat qualitiesmakesomething intuitive
beyond its current surfadevel undestandingn Industrial Designin this way, it is necessary
to, using the fields of Product Semantics, Semiotics, and Information Procgpstndesigners
an understanding of what makes interfaces easy to understand and learn. These insights will be
especially useful in the design of medical products, where misuse and misunderstandings can
causenarmand death.
1.2Need for Study

Improper applicatiomf usability for product interfacesan have disastrous consequences; a

major causal factor for the Three Mile Island meltdown was poor design of the controls. The
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problems caused by this meltdown have reached into the millions of dollars and the effects are

still being felt today. While not every product is a nuclear reactor, it is nonetheless important,
especially in the medical fieldgy spard h e u s e r sendindfight dgainst\canfusion,
continued errors, frustration, and a continua
(Norman, 2013, p.8).

Usability is still a relatively new field of focus for Industrial Design, and it is an area with
proven monetary and lifsaving value. Of particular interest to usability is the design of medical
devices, which often operate in zaaberance scenarios wh lives are on the line. In the design
of these devices, improper use is not an option.

Within Industrial Design, one of the primary contributors to the study of usability is the
design movement known as Product Semantics. However, Product Semantics is a relatively new
study that has had criticism leveled against it, as many of its claimate backed up by
other than the practice of past designers and philosophical theory. By contrast, the field of
Information Processing has been studied since World War Il, and thus has a wealth of statistical,
scientific, and psychological knowleglgo offer Industrial Design. This information is directly
applicable tahedesign of interaction in a way similar to Product Semantics, but uses different
terminologies, models, and methods than Product Semantics. In addition, Semiotics is another
longstanding field that is tangentially related to Product Semantics, and hasonofifeln as
well. Semiotics, by contrast, is primarily a theory of communications that is primarily focused on
the use of signs. Signs and communication is, of course, espauipdistant when dealing with
the statuses of medical devices. Semiotics is a field that has seen integration with Industrial
Design before; however, the working frame of reference and parts of the theory have been

modified over the years, and the theories for Industrial Design have@otupdated to match
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the new frameworks. It is the integration of these three ideas, Product Semantics, Information
Processing, and Semiotics, that this thesis aims to create a design tool that will allow the
industrial designer to take advantage of the benefits of all theas & the design process of
novel medical devices.

The benefits of this tool will include several things. Firstly, armed with the psychological
data of Information Processing Research, interfaces for products designed with this tool should
become more understandable for the users, and reduce frustrgpieciady in critical areas like
medical design. While Information Processing has made a study of systematically reducing error,
it fails to take into account the more human side of things, which is covered more properly by
Product Semantics. Product Senas) which is a recent design style developed from the Ulm
School (Krippendorf and Butter 1984), has been utilized in the design process to increase the
usability of products. However, Product Semantics has been criticized in recent years for having
no evdence to back up many of its claims (Lin et al. 1996). Creating a synthesis of the two fields
would provide the benefits of both in design, specifically for medical devices.

It would be prudent, then, to develop a design tool that allows designers to incorporate
insights from both Information Processing and Product Semantics into their design process.
1.3 Objectives of Study

1. To study the existing research on or related to Product Semantics, Semiotics, Semiotics,

and Information Processing to analyze overlap, agreements, disagreements, similarities, and

differences.

2. To develop a design tool integrating all four areas into a useful tool for designing novel

medical devices, taking advantage of the strengths and compensating for the weaknesses of

each.
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4. To apply the tool to design an appropriate product and demonstrate its utility.
1.4 Definition of Terms
1. Abstraction: a rough field of view of how
at. The |l evels of abstraction are arrange

Atdpwno (which has to do wit-thp@owhisc mande a

wi thtre tphysi cal constraints of the situati
user injuries, etc.). The | ower the wuser
speak, the things they are speaking of ar
moag abstract the concepts are. (Rasmussen
2.Action Cycl e: Nor mandés model of product i
t wo halves; two of each of the steps coin

|l evel s of prdoegwsairndg .halThHe sfteaged s with Ref|l

Vi scerdalt hea feedback half starts with Visc

way, It foONmsmangcy20®£3)

3. Affordances by Norman: The Arel ationship
for that matter, any interacting agent, b
robots). An Affordance is a relationship
camil i ties of the agent that determine |
exi st even i f they are not visible.od ( No

4 .Di sruptions: One of the terms regarding N

Defined as when the userds conception of

i's happening with the artifact. (Krippend
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5.Human Error by Rasmussen: Al n the present
technical faults and human err.0rs as caus
(Rasmussen, 1986, p.150)

6.l nformation Processing: The Human Factors
absorb, consider, and act upon incoming i
7.lnterfaces by Krippendorff: One of the te
Semantics. Things that Arender wusabl e tha
functional detail s, moamd RTweawde nladmam aan
reactnitwi tay diynami ¢ whol e that human parti ¢
comfortable being in. The human body i s a

interaoted Kwiitppem d#d@B9 Y f, 2006 p

8.Internal / Dynamic World Model: A construct

part of the human being that allews them
forward manner), and check for inconsiste
Detectgaehpt|l Freampl e information from Mer
9.l ntuitive Design: A buzzword in Industria
pick up a product and know how to use it
al ., 2003)

10OMeaning in Language: One of Krippendor ff &
Semantics. The meaning of artifacts in | a
communi cati on admonn gw hsitcahk echaotledgeorrsi es t hey
attributes WwWhieghacocgeiriedentities they sup

expressions they evoke, and how their rol
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rearticul a
artifacts
p. 155
11IMeaning 1in
Deal s with

Meaning in

t ed

app

Us

ho

interahtt twem

p. 77)

l12Meani ng: One

the mind t
be happeni

or diombt . 0

ng.
( Kr

of applicatio

Arti fact s,

the thensds

an

at

13Mi smatch Det e

the Consci
reality to
14P.r oduct Se
finish of
1984)

155ec @©rdenrde

designer s)

ous

be.

ma n

obj

r st

pr

to other peoipglne,otdreaatwionrg sa

ear in |l anguage, conversatio

e: One of Krippendorffoés f ou
W users ascribe and derive n
e Naddresses how individual

in their own terms and for t

of Krippendorffdéds basic tern
estore fAperceived difference
It is a way to remain in to
i ppendorff, 2006 p.52) Meani
n: Meaning in Use, Meaning i

d Meaning in an Ecology of A

ction: A notification that t
Processor when it discovers
(Rasmussen, 1986)

tics: The act of I ndustri al

ects they design, to communi

anding: Krippendorffds term
acticing the ability to unde
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attempt to understand t hdeo wna yfi-@ahtleuyr edoo s o,
understanding of the worl d.

16Semi otics: A communication theory of sign
century to create a unifying theory of <co

17Sense by Krippendorff: One of Krippendorf

Sense is fAthe feeling of being in contact
interpretation, or explanation... Sense i
what asl ,unuunseux pected or different. Sense
| argely unconscious, monitoring of what I
188ignifier: Things that Acommunicate where
by Norman) should take place. o0 (Norman, 2
19Skill s, Rules, Hma&kwlihgdde:amk wbadki sinorRas mu
model . I n this model, operators r-ly on o

based;baRwldes or Knowh a&dgdke ibsasaeuwt oB&tiild anc
heawirlaxtkiiddd & hat roll al ong-bwiselddouts con
where fArules of thumbo ar e -Bappreldi dd twh egiet
user considers the system as a whole and
syst(Rm.smussen, 1986)

1.5Assumptions

Because of practical limitations, there are several assumptions that the thesis makes. For this
thesis, it will be assumed that the data found via research and taken via any relevant tests or
surveys is valid and reliable. It is also assumed that thesioliphypothesis is true: Human

Factors Engineering principles can improve the results of products designed with Product

21



Semantics. It is also assumed that Human Factors Engineering will be a useful addition to

Product Semantics, and vice versa, and that the two fields are compatible with each other.

1.6 Scope & Limits

1.6.1 Scope

The scope of this study will be necessarily constrained by several factors. The thesis will
study the integration of Product Semantics, Information Processing, and Semiotics principles.
The thesis will primarily focus on the areas where these fields @y steerlap, integrate similar
findings, while augmenting theories that do not address adjacent unrelated areas to create a
unified usability design methodology.

The thesis will also confine itself to the design of supporting hodpaised medical devices

with complex interfaces for its application, as this is an area where usability is paramount.

1.6.2 Limits

The limits of this study will be determined by several factors, some of which are external.
Firstly, the study will be constrained by both money and time. Additionally, any human subject
studies will necessarily be limited by the location of the resea(éludurn, AL), and the data
available for the research is limited to the free world wide web and what is available at Auburn
University Libraries. There may be paywalled or confidential Information Processing and

Product Semanticsourceghat cannot be ecwidered.

1.7 Research Procedures and Methods

1. Step 1: Study Information Processing, Semiotics, and Product Semantics
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a. Library & internet research
b. Classify and summarize collected information
2. Step 2: Literature Review
a. Library & Internet research for all related fields
b. Historical background research to avoid outdated information
c. Present need through literature review
3. Step 3: Development of Design Tool

a. Compare and contrast models in selected areas of research

b. Identify contradictions and research further, then resolve one way or the other
c. ldentify similarities and differences, and integrate concepts
d. Identify areas out of scope of each field

e. Build findings into integrated design tool
4. Step 4: Demonstrate Design Tool
a. Choose product category
b. Design relevant product using research insights

c. Check design with design criteria

1.8 Anticipated Outcomes

The anticipated outcome of this study will be a tool that allows the Industrial Designer to
incorporate Information Processing and Semiotics principles into the use of Product Semantics in
the product design process. The design guidelines will be applibd treation of a medical
device, which will beevaluateh s r esour ces permit. Analysis of

suggest further research to refine the design tool. Continuedmediriof the design approach of
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this thesis should ultimately benefit product usability by creating a more standardized, research

based use of integrated Product Semantics.

Chapter 2 Literature Review

2.1 Introduction

This literature review examines the current and historical understanding of Product
Semantics, Semiotics, and Information Processing, and their theoretical frameworks,
methodological approaches, and empirical findings, to inform the development of aesigel
guideline that integrates these fields. The question to be addressed is: Can the current
understanding of Information Processing and Semiotics augment the current understanding of
Product Semantics to help designers design medical products wathoeahusability? The
purpose of this thesis is to augment the I ndu
the application of Semiotics and empirical Information Processing Models.

The structure of the thesis will be as follows: first, the thesis will start with each of the
fields of study, especially focusing on a handful of authors and works that present the findings
and vocabulary of each field as integrated ideas, includingeeach hor 6 s model f or
study will move from Information Processing to Product Semantics, and then to Semiotics. Then,
the findings from research, including the ideas and models, will be placed into a design tool
which will have three components flowchart for designing usability, a model of product use,
and a final usability checklist. Finally, the process for applying the tool to its product will be

documented and the results analyzed and verified.

2.2Background
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2.2.1The Importance of the Study of Usability

The study of the Importance of the Study of usability involved several sources; namely
Donald Norman as well as Wickens, Gordon, et al (1997).

One of the most weknown usability texts for design Besign of Everyday Thindsy
Donald Norman. Norman uses no methodology other than research itself, as the book is not a
study, but it is a broad and deep analysis of many different aspects of Industrial Design and pulls
from many reputable sources to make its claims and recomnerslhiis book will also
become very important when discussing the move of Information Processing into Industrial
Design. He also provides many case studies where poorityshbd failed its user.

Wickens, Gordon, et al (1997) offers a general overview of human factors engineering, and is
highly useful and relevant. It goes into a great deal of detail into many aspects of Human Factors,
and cites data from numerous experiments and studies to b#skaspertions. It is valuable in
that it covers a great deal of data in a concise manner but it does not detail the methodology of
everything it cites. However, it is not specific enough regarding InformBtmeessing to be a
major source.

Should there be need to fiadcase study on what happens usability is not prioritized, look no
further than the Three Mile Island nuclear power plant disaster. From the perspective of Human
factors engineering (the overarching study of Information Processing), the blame for taetincid
can be placed, in padn the controls and feedback displays:

Al ndeed there is evidence that the catastrop

resulted, in part, because the stress caused by the auditory alert in the nuclear power control

room led operators to tunnel in on one single indicator (whichrectly indicated that the

water level in the reactor was too high) and fail to perform a wider visual scan that would
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have allowed attention to be directed to other, correct indicators (suggesting correctly that the
water | evel was too |l ow).o0 (Wickens, Gordon
Industrial Design, as well, seems to indicate that the controls can be blamed:
AThe plantds control rooms were so poorly de
fault, not the operators. o (Norman 2013 p. 7)
The resulting meltdown of the Three Mile Island plant cost millions of dollars in
damages, and is still being dealt with today. It was a disaster that perhaps could have been
avoided, had the concerns in this thesis gap been properly addressed. Whifereverg u ct i s nd
nuclear reactor, it is nonetheless an excellent {acgée case study of what happens when

critical systems with humans in the loop are used improperly.

2.2.2Why not UI/UX?

One of Designds (not necessarily I ndustria
the world of usabilityisthesoal | ed AUser I nterface/ User Exper
in practice, this field of study has been limited almost entiretii¢dield of computers and
phones, and has focused heavily on satisfacto
of UX). This thesis, dealing with medical equipment, will focus on usability associated with
physical interfaces, therefore, the fingis of this field are likely outside of the bounds of this

topic area.

2.3 Information Processing

For the interests of this thesis, the most relevant field in Human Factors Engineering is

called Information Processing. One of the most influential writers in the field of Information
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Processing in Human Factors Engineering is Jens Rasmussen, who compiled findings into a

single accountinformation Processing and Humdaachine Interactior{(1986)

2.3.1Levels of Abstraction

Rasmussen M.Sc. defines Levels of Abstraction as a rough measure of how the user
understands what they are | ooking at (1986).
order ed -dorwnmnd ,Aitwhpi ch has to do wi tuhp ogichvan s and
deals with the physical constraints of the situation (including controls, user injuries, etc.). The
| ower the user is on the | adder, the more fco
Ahi gherd they go on t heceptsaak.dieerconceptiofdevetsoof e ab st
Abstraction has a huge influence on Rasmussen
basic fiscaleo for the model, shown above. Ras

shown below.
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Functional purpose

Production flow models,
system objectives, constraints, etc.

Zbstract function

Causal structure: mass, energy, and
information flow topology, etc.

resources

Ceneralized functions

=@ Reasons for proper function

‘Standard" functions and processes:
feedback loops, heat transfer, etc.

Purpose basis; goals and requirements

Physical functions

Electrical, mechanical, chemical
processes of components and equipment

Physical form

hysical appearance and anatomy;
material and form; locations, etc.

Causes of malfunction —

Physical basis; capabilities,

Figure 1: Abstraction Hierarchy (Rasmussen, 1986)

2.3.2Model of a Man in Information Processing

To move up and down the abstraction hierarchy when interacting with the device the user
must be aware of its internal state in order to predict the behavior of the device and its response
to any potential actions the user might take. This concept is weitgrsto System State as
described by Norman (2013). The user moves from one level of one level of abstraction to the
other by using abstraction or inductigRasmussen, 1986)

Rasmussen speaks of a simple situation in which an operator interacts with a system:
AWhen a target for the system state is chosen

proper control actions to perform, via process of deduction. The operatanoees down from
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the higher levels of abstraction to more technical details, identifying the possible changes of the
plant, such as switching, value manipulation, or adjustments, that will lead to the desired plant
state. 0 ( Ra 96667 Essemtially,zhts précess §tarts with a goal in mind, and the
operator (the user) chooses from available actions through the process of deduction in order to
settle on (what they hope is) the correct action.

Unfortunately, not all situations are so unscripted as the above example. Frequently,
processes in industry will have a script or procedure and the Information Processes look
di fferent. fALogical connection bet theehigher sub s eq
level processes of the basic sequence can be bypassed... The operator must follow a sequential
conscious data process when a problem is recognized, i.e. an uncertainty needs to be resolved.
However, immediate associations may lead directly foomn state of knowledge to the next,
such direct association between states of knowledge is the typical process in familiar situations
and leads to very efficient bypassing of low capacity, higher level processes. Such associations
do not follow logical rles they are based on prior experience and can connect all categories of
stat es of(Rdasmussen, E86pE3-69)

Essentially what this means is that if an operator is already familiar with the situation, or
a solution to a problem they do not go up to the higher levels of abstraction but rather rely on an
immediate association (for instance, a problem to a sollkesping the information processing
at the low level subconscious level without having to go to the higher levels of abstraction. This
process may appear in the user's mind to be s
t hi s bef orpewilde flirther explainedwhen speaking on Rule Based Information

Processing and Subconscious Processing.
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2.3.3Subconscious Processing

Di stinguishing between Conscious and Subco
is critical to its structure. I n Rasmussenods
high-capacity, but is only capable of routine functions; Meanwhile the Cars€&imcessor is
the exact opposite it is able to deal with unfamiliar situations but has a low information capacity.
They work together in that, the subconscious processor, which can handle a lot of information,
handles most of the load, while the conssipuocessor only deals with what it has to. That way,
the conscious processor does not get overlodBagmussen, 1986)

There are two subsections to Subconscious Processing: Perception and Motor Functions,
the Ainputo and Aoutputod of the human machine

area is Perception.

2.3.4Perception

Perception is defined by Rasmusg§Basmussen, 1986, p.78)s At he extract i o
meaningful features from the wealth of information available in the environment which requires
a processing system of high capacity. o This i
and sense a myriad of things at anyegi time, but their perception allows filtering between
what is important and what is unimportant. However the research on perception is not concluded;
there i s some debate. Some researchers seemed
level functional and causal relationships in dynamic light patterns that have no concrete object
context . 0 [7BE¥Tms is@lkedsequential scene analysis, and it implies that
humans perceive things in terms of what they understand and what they mean to them even if
that meaning is only a guess. Other researchers, however, J.J. Gibson in particular, ddvocate t

view of direct perception, which is to say, i
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from t he eRagmussennl®d6Pi7YH Rasmussends view is that
abl e t o (Rasmrssdnolf86,.p.079)

These views have interesting overlaps with
Affordances, as well as Norman's view of Signifiers. All of these have to do with the perception
of productsdé features, but t hhepercepiondbfhe f i r st
Affordances and Signifiers is displayed from the point of view of the operator/user. The
definitions in the other models seem to suggest that sequential scene analysis is the preferred

definition However, it must be taken into account fRasmussen claims that both can be true.

2.3.5Internal/Dynamic World Model

The Dynamic World Model in Rasmussends mod
important part of the mod@Rasmussen, 1984} is the part of the model that allows the human
being to simulate interaction; it is also what allows humans to behave in a predictive manner that
is to say, fAfeed forwardo, as Rasmussen puts
merely & a data channel transforming input information into actions instead in a specific
situation the input information synchronizes the internal model, and complex responses may be
generated from primitive inputs. In highly trained situations, it can be esdyafifficult to
protect the information that (Ramuassemrelb86ip80) sy nch
The Internal World Model is also responsible for another important function called Mismatch
Detection. This function comes into play when
properly updated due t o unex prausdere 1086bpe8h)dhisi or i
is how when a user is riding a bike, the user does not need to pay total attention to their feet on
the pedals and their hands on the handlebars; they can merely pay attention to the road in front of

them. It is only when somettgrunexpected happens, like a grinding sound coming from the
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chain of their bike, that they must take conscious control of the process. Mismatch Detection

aligns with Krippendorff's idea of Disruptions (see section on Product Semantics).

2.3.6Conscious Processing

Conscious Processing of the environment is not used often as it is "only necessary when a
mismatch with the behavior of the environment results in an interrupting signal calling for
i mmedi ate attentiono; that i s, matchedatectiohe Uncon
signal.(Rasmussen, 1986, p.88% stated earlier, the Conscious Processor has a very low
information capacity. In general, it is considered to only be able to handle two to seven items of
information at a timéRasmussen, 198a@)orman (2013) understands this as well and cites
essentially the same number, though none of t
moreindept h than Normandés presentation of this <c

that can occur her

2.3.7Imagery and Problem Solving

Rasmussen (1986) looks into a deeper level of perception as the study of Imagery in
Problem Solving. The most i mportant takeaway
normally perceives layouts, not pictures. If this is true, we should stop tallkong images at as
ment al pictures and try to understand what a
can be structured from prototypical representations of objects and environments and
synchronized by resonance with invariant features inthe @€ r on ment . 6 ( Ras musse
This is to say, Not only does perception rely heavily on prototypical ideas of objects (objects
users have seen before), including controls and Affordances but also that the context, (the layout,

in Rasmussen'sterms)t gger s fAattunement o with the actual
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interacted with. This is a perfect fit for No

understood from the userés si de.

2.3.8Mental Models

Mental Models, as described by Rasmussen (1986), are fundamentally different from the
Dynamic World Model. The biggest difference seems to be that the Dynamic World Model is the
interaction between perception and motor function and the Unconscious Prodaistas
generalizable to all situations, while Mental Models are not only used for more conscious logical
processes, but are also more object specific.
understanding of how something works, however rudiargnt may be. These Mental Models
obviously have a | ot of interplay in Rasmusse
information from Mental Models in order to throw mismatched detection signals to the
Conscious Processor. Mental Models, therefae sanilar to the System Image as explained by
Norman (though Mental Models are significantly more involved), and in a tangential way,
meaning as explained by Krippendorff. There is some overlap here that can be addressed and

synthesized.

2.3.9Rasmusseis Model of Information Processing

Rasmussends model of I nformation processin
areas: the three levels of information processing, the corresponding levels of information input,
and the Semiotic by Rasmussen interpretation of human acts which sbhbb&leonfused with

Semiotics as defined by Morris, which will be discussed later.

2.3.10Skills, Rules, Knowledge (S,R,K Framework)
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based, RukBased, and SkilBased. Donald Norman cites these levels specifically (thus this

Rasmussen divides the levels of information processing up into three levels: Knewledge

nf or mat
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mentioned until the next subsection).
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right. The person can use one of three levels of processing to do so, which will be explained in

the next sections.
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As defined by Rasmussen, #ASkil!/l based beha
during acts or activities that, after a statement of an intention, take place without conscious
control as smooth, automated, ¢Rasthusken,dd8é y i nt e
pl00The | aymanés term for this kind of behavi ol
based behavior include playing a musical instrument, riding a bike, drawing, etc.

Krippendorff would most likely call SkBBa s ed behavi or AReliancebo

model, so there is some overlap that needs to be addressed.

2.3.10.2Rule-Based Behavior
Rasmussen details the next highest level of behavior;Baded behavior, which is:

At he composition of such a sequence of sub
typically consciously controlled by a stored rule or procedure that may have been derived
empirically during previous occasions, communicated from other persons know how as
an instruction or cookbook recipe, or it may be prepared on occasion by conscious
problem solving and planning. The point here is that performance is goal oriented but
structured by Afeed forward control o throu
explicitly formulated but is found implicit
(Rasmussen, 1986102.

Examplesof RuBased behavior include following th
when the fire alarm is going off, or restarting your slow computer betlaaissolution hafixed

slowness in the past. The rule need not necessarily be correct in order for it to-Bastade

behavior.

35



The line between Skill and Rulgased behavior is not entirely clear; but the biggest
differentiator is that SkilBased behavior moves along without conscious control (walking,
chewing, etc.).

In his model, Krippendorff does not present a direct corollary with-Baked behavior,

though it probably has overlap with Exploration. There is an opportunity for synthesis in this

gap.

2.3.10.3Knowledge-Based Behavior
When a user must cope with unfamiliar situations, they must rely on Knowtedgel
behavior. Knowledgéased behavior, according to Rasmussen,
Ami ght be mor e ap pbhaseag Inthiasiteatioy, the goal is exdlicityo d e |
formulated, based on an analysis of the environment and the overall aims of the person.
Then, a useful plan is developedy selection, such that different plane aonsidered
and their effect tested against the goal; Physically by trial and error; Or conceptually by
means of understanding of the functional properties of the environment and prediction of
the events of the plant considered. At this level of funatiosasoning the internal
structure of the system is explicitly represented by a Mental Model that may take several
di f f er e (Rasmiissen, mM38Pp.a02103
At this level, the user has no rules (for example, previously known standard operation
procedure (SOP), rules of thumb, or other schema) to assist them and must make decisions based
on an understanding of the system they are interacting with, as wedirastdntions. This
necessitates a welleveloped Mental Model of the system they are interacting with; otherwise,

their actions will surely lead to error.

36



Krippendorffdés model does not have any dir
mi ght have some overlap with Exploration in K
While it is important to understand the levels it is only by working across these levels that
humans are able to solve problems the way the
the complexity of the physical world is due to an ability to applykadge from previous
experience to new situations by selecting and freely combining models, rules, and strategies that

have proven successf ul (Rasmyssem BO§6el03y i n ot her si

2.3.11Three levels of Input

Corresponding to the three levels of processing are three different kinds of information
observed at each of the corresponding levels of interaction.

The important thing about all of the following terms (Signals by Rasmussen, Signs by
Rasmussen, Symbols by Rasmussen; not to be confused with Semiotics terms of the same name)
is that they are essentially more specific explorations of the term Feedbadidtio
Krippendorff and Norman. Feedback is treated as a loop of interaction and reaction, not as
something the product provides. In this way, these three terms are a useful addition to the thesis

area.

2.3.11.1Signals by Rasmussen

Rasmussen defines signals (not to be confu
perceived asé conti nuous -spacahbehaviora the emvaoniemtd i ¢ at
These signals have no meaning or significance accept as direct physica me s pace dat a
are sensory data representing time space variables from a dynamic spatial configuration in the
environment and they can be proceéfRssedsseh,y t he

1986 p.105 An example of a signal is an operator needing to monitor on a needle on a dial. If
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the needle moves, then that is a signal that something is wrong. The needle has no meaning

beyond that; it merely exhibits a changeintsm@ ace i n the userds percep

2.3.11.2Signs by Rasmussen
Rasmussen details the definition and description of a Sign by Rasmussen:

ASigns indicate a state in the environment
Signs are related to certain features in the environment and the connected conditions for action.
Signs cannot be processed directly; they serve to activate ptarddt er ns of behavi or
(Rasmussen, 1986.105 Returning to the previous diahdneedle example, say the user also
has control of a valve. | f the usero6s goal i s
rules are activated based on what sign the dial provides: if the needle is gbeypuog its
intended set point, then this activates the i
some pressure. Likewise, if the needle is going down, this activates the rule to close the valve to
build up some pressure until it reaches iterided set point. Each sign corresponds with a rule

activation, leading to prkearned actions.

2.3.11.3Symbols by Rasmussen
Symbols, meanwhile, are defined by Rasmug$6686)as:
ASymbol s represent other information, var.i
formally processed. Symbols are abstract constructs related to and defined by a formal
structure of relations and processes, which by conventions can be relatedrées fefatu
the extenpl@d worl d. o
Returning to the dial example, if the dial has been calibrated and still shows empty, then

the symbol means here that the system may need to be checked for a leak. These are NOT
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Asymbol so | i

Rasmussen. These are inputs at the knowledged level that force the user to use Knowledge

Based Processing to solve an issue. Symbols by Rasmussen wouliékehobe useful tools in

the diagnostic process.

2.3.12A model of The User i he Operatord) according to Information Processing

Rasmussen puts all of these levels of interactions together into a model of decision

making as shown below:
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The model is a muHkpath flow chart of how human beings make decisions when shown
information about a system. A person starts in the bottom left and ends in the bottom right, and
depending on what skills and r dhroaghthénhodel user h
may be more or less direct.

As can be seen in the model, Knowled®gsedProcessing forms the outside and higher
density processing area on the outside of the model, but operators can use Rules and Skills to

make fAshortcutso through the model to arrive

2.3.13Semiotic Interpretation of Human Acts by Rasmussen

Rasmussen details the third part of his model of information processing with his ideas on
the semiotic interpretation of human acts. These relate directly to the three levels of processing
and the three levels of input detailed in the previous sectioesmbist important thing to note is

that, in all four or these interpretations, there is only one in which thespiaee loop broken.

2.3.13.1Direct Manipulation

Higher-level control Direct object manipulation

Intentions

Sensorimotor skill

Cue%/ ==l

I/Signs

; [ﬁ Spatial
Signals signals Movements

Spatial-
temporal
signal loop
intact

Object Manipulation

J7 Manipulation and control
interfaces merge

Objects in Context; Environment

Figure 4: Direct Manipulation, (Rasmussen, 1986)
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As defined by Rasmussgi,986)Direct Manipulation is:

A Di Margpulation takes place in manual tasks as, for example, when moving and

shaping objects and assembling things. At the conscious level, objects are perceived

directly in terms of their functional implications, and intentions are stated in terms of acts

to perform, goals or targets to reaehgenerally not in terms of movements. Therefore,

conscious statements of intention have the character of signs releasing acts, i.e. patterns

of move(mH9ts. o

Typical examples of this include filling a bottle, inserting a battery, etc. The important
thing to note here is that there is no tool [
t he sensori mot o(Rasfusser 198683uesat thislevel are ahthetlevel of
Signs by Rasmussen. This means that this level of interaction is verB&dd, and that
feedback from the environment, as well as the

through the sensorimotor functero ) , i s i nstant and effective.

2.3.13.2Indirect Manipulation
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Figure 5: Indirect Object Manipulation (Rasmussen, 1986)

IndirectManipulation, despite the term, is very similar to Direct Manipulation; the only

signifcant difference is that there is now a tool (anything from using a hand drill, to driving a car,

to operating a backhoe) involved between the user and the piece bekegl wpon that can be

mo n i

tored visual

y .

NnThe

characteri

St

c

featu

both focused on the task of the interface between the tool and the environment; the tools or

manipulators are perceived egensions of the human body because the-sipage control loop

through t he s ens or(Rasmusseny 1930 1) Orcenagairs feedbadckandt . o

resulting actions through the tool and work piece are nearly instantaneous and the loop therein is

intact. Even though there is a tool in the way, the tool merely becomes an extension of the human

body.
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2.3.13.3Remote Manipulation

Remote manipulation

Higher-level control Manipulation interface

Camera
Intentions [?\\

é’ I

Sensorimotor skill

Cue%/ N 5 \\
/et \\
[ s control
interface
: Spatial
Signals jl signals Movements

Information Tool;

channel manipulator

: Move-
Signals ments

Objects in Context
Environment

Loop
intact

Figure 6: Remote Manipulation (Rasmussen, 1986

Remote Manipulation is one step removed from Indirect Manipulation; instead of a
simple tool like a car or a drill, a remetentrol interface with movements that cannot be viewed
through any other method than through an integrated-fireler or GUI. Examples of this are a
microscope, or a deegea robot. This interface can be effective even if

At he visual appearance of the work scene i

selected features, as long as the tgpace signal information needed for information

control are properly transmitted. Examples of such displays are the analog digplays

instrument piloting of an aircraft. In the case of such abstract displays, the illusion of

being onsite will generally disappear, and attention/intention level may shift to the

display interface. The only way to distinguish whether attention is pdftettask itself

or the representation by the display will be the language used to express intentions. With

43



pictorial representation, distinction by means of the language terms disappears, and only

subjective experience my indicate the focus of attention. In terms of control performance,

the distinction is rather irrelevant because proper sensorimotor skiibbcoan be

mai ntained through the i nt ac(Rassusgen 4986 t r ans

p.111.

Even if the interface that communicates the signals to the user is not literally a video feed
(such as in the case of some aircraft instruments) thesjimee loop can be kept intact. It is still
necessary for the user faoinbrdeaforthe intéractiomitolZen gu age

effective.

2.3.13.4Remote Process Control

Hemote proocess control

Higher-level control Manipulation and control interface

Signs, symbols Intention

Sensorimotor skill

Translation Translation Cconsole Process
Signals T ‘L Acts

Abstract Act/sign

translator; translator;

(measure- (keys and

ments) switches)

Movenments,
Signals changes

Objects in Context
Processes, functions

Figure 7: Remote Process Contro(Rasmussen, 1986)
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Remote Process Control is removed further
only level in which the signal transmission loop is broken. At this level of control:

AThe mani pul ati on c¢ h atme anblogwsigngls batpfdr example,n s mi t

alphanumeric coded orders, or the sensory channel, or both, may be coded in abstract

codes rather than analog representation of the effect of acts. This is typicaltyatien

if the task is not related to concrete sptoe object manipulation, but to a higHewel

state of a physical process that is not immediately visible, as, for example, the processes

of a power plant or c h e nspaceohtrolpoopascomiesin pl ant é

this way, there are translating functions in each transmission path, and the human

attention/intention level will typically be at the surface of the system. During routine

situations for operations based on signs and associati@uss (i.e. Ruldased

performance) upon the manipulation interface. During unfamiliar situations, the

attention/intention must be tirghared between this interface (in order to translate

readings to symbols and intentions to actions) and the meptakemtation (in order to

make functional inferences in the knowledgpsed domain). In this situation, the

automated sensory motor functions are applied to functions of translation that are

unrelated to the higher level cognitive task. The high capasityasy motor skill will not

be available to the main problem what will be occupied by interface manipulation &

recognition furthermore during unfamiliar situations cognitive resources must be spent on

the translation tasks related to state identificatiorda a ct i o nfRapniussenni ng. O

1986 p.112
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These sorts of interactions are probably b
The user is receiving numbers, readings, or other Symbols by Rasmussen and Signs by
Rasmussen and must translate those readings before they can make a decismnduzsd

An important thing to note here is that if the interface is abstract and nonrepresentative to
the extent that the user must allocate significant parts of their Conscious Processor to the
translation of th&igns by Rasmussen agmbols by Rasmussen then there is less of the
cognitive processing capacity left to deal with any issues the user is having with the device itself.
This section would be best augmented with Kri
Nor manods uwrofdMaeppiegt andi n

It would make sense that even parts of a step within a in a sequence of use could use
several levels of manipulation; simply inserting a USB drive into a computer includes two:
Direct Manipulation for the insertion of the device, and Remote Process Qontesify if the

USB is entered correctly.

2.3.14Learning a skill, according to Skills, Rules, Knowledge

As a particular skill or workflow is work learned and refined, the process, beginning with
rule, eventually is reduced down to SHlased Processing as the skill is learned. Rasmussen
describes the process as such:
ADuring the first phases of skill acquisit
cues that are defined individually and related to rules controlling very elementary acts. As
skill develops, cues of more global nature in terms of the data pttésrimclude and
depending on temporal and situational aspects will be adopted, and rules will be related
to activity patterns rather than acts, i.e., intentions are expressed in terms of goals rather

than acts to perform. Finally, the whole task is autechand is performed without

46



conscious awareness as long as unexpected deviation do not occur, and the higher the

skill the | ess probabl eRasmubsen 198pdX3pect ed oc

Essentially, when a novice is interacting with a system, each action they take is
individually activated, whether by steps in a process or as a reaction to feedback or cues from the
system itself. As the user repeats a procedure a number of times, teeséllcsiowly be forged
together into behavior patterns relating to rules that are activated by perhaps a single cue.
Eventually, the rule will become so wddhown and practiced that it will roll along without
conscious thought.

An excellent example of this is learning how to type on a keyboard. In the beginning, the
novice typist finds keys individually to spell out the word they wish to spell, each needed letter
triggering the action to press the key. An apprentice typist, henvkmows where a lot of the
keys are and has bakedrules for typing certain patterns of letters. The expert typist simply
thinks of the word they wish to write and their fingers tap the keys without significant oversight

from the Conscious Processor.

2.3.15Mental Models

Mental Models have already been discussed, but they demand further explatnation. There
are a few different ways Ment al Model s can be
especially important to the design of novel interfaces, because being etleptexisting
Mental Models to support the understanding of a new model in the current context will most

likely aid understanding of the interface.

2.3.15.1Aggregation
Aggregation is the strategy where AEl ements o

- chunks-- within the same model category as familiarity with the context increases. This relates
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to the model transformation and the parh 0 | e d i (Resmussen 198p.118. An

example of this is in chemical plants that have asaresoronelight notification system. By

wiring several sensors to one light, the model loses complexity but also a little resolution. If
complexity is an issue, this strategy can be used to rédid@erman speaks of this level of
aggregation from a human pNoemanp20i3Rememberingt i s ¢
numbers three at a time rather than one at a time increases ease of memorization of the same

information; Rasmussen is speaking here of baking that idea into interface design.

2.3.15.2Abstraction
Abstraction is defined by Rasmussen as #fth
or the environment in general is transferred to a model category at a higher level of abstraction;
Of particular importance here is transformations and the functoearchy along the means
end di m@&assussem 1986.118 While this method of model manipulation has many
facets to it, its most relevant part is that
specific physical world that can serve several purposes. Models at higher Levels of abstraction
are closelyrelated to a specific purpose that can be met by several physical arrangements.
Therefore, shifts in the level of abstraction can be used to change the direction of paths, suitable
for transfer of knowl edge (Rasmaossen,198@.12) ous cases
Essentially, this means that how the devic
important. A description of the machine that is high in level of abstraction will communicate the
purpose of the machine, but a description at a low level of abstractishai strict function or

components. Each can be used to infer the other, but the machine should be described in the way

that explains the least understood part of the product.
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Krippendorff speaks on this subject in his understanding of the Meaning of Products in

Languag€gKrippendorff, 2006) There is some overlap that can be synthesized here.

2.3.15.3Analogy

Anal ogy is defined by Rasmussen as fiThe re
t he model for which a solution is already kno
(Rasmussen, 1986.118 A most basic example of using this method of Mental Model
transformation is the use of rectangles on a calendar to represent days in a week. Rasmussen
makes speci al mention of a subtype of this ki
transferredd anot her | evel of aRasnussancliOg8pd2y. and rei nt
Krippendorff (2006) noticed this same phenomena, but classified it as Metaphor. There is some

overlap between these concepts that can be synthesized.

2.3.16Intentional vs. Causal Systems

An important distinction that Rasmussen makes is between Intentional and Causal
Systems. These labels are given to systems basically on their level of internal adaptability and
variability.
APhysical systems with known and invariant
and to human acts according to basic laws of nature that therefore can be used to predict
their behavior. They are here called causal Systems, and their responssdal phy
changes for which no experience is available for an observer can be explained or
predicted by means of botteup reasoning in the abstraction hierarchy; i.e., by
functional analysis. This approach is not possible for all the environments in which
humans have to make decisions. Systems with a high degree of autonomous internal

functioning, with seHorganizing and highly adaptive features, will change their internal
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functional organization continuously in order to meet the requirements of the

environment and to suit their internal goals or performance criteria even though such

systems are basically controlled by laws of nature, their complexity in general makes it

impossible to explain or predict their performance by functional analysis during real life
decision making the alternative is to consider such systems as Intentional Systems

controlled by motives or intentions together with the constraints on performanckelyose

the environment physically or in the form of conventions and legal requirements and by

the Iimiting capabil it (Rasussef 196hl231P5.i nt er n a

Most physical products and systems are Causal Systems, because if the same action is
taken time and again, they will most likely have the same result.

Intentional Systems, meanwhile, are systems that have a generalized function, but do not
have a 1:1 causeffect relationship. Examples of Intentional Systems include humans, human
organizations, information systems (like Artificial Intelligence) and catiisslyupdated apps
on onebs phone.

The distinction here is essentially a Mental Model (that is to say, conceptual) issue on the
userb6s part; does the user consider it a sort
certain thing happens, or do they consider it a sort of blackviibyxa designed intention? This is
the distinction between Causal and Intentional Systems, respectively.

None of the other models make this distinction; therefore, it is a welcome addition to the

study of this thesis topic.

2.3.17Human Errors by Rasmussen
Human Error i s, i n Rasmussenods Vi ew, di f fi

characteristics: filn the present human machin
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errors as causes of (RasnussénflOdp.l5).dikesNprsndne m pur pos
Rasmussen defines errors frorGa d -eygview system or procedure perspective rather than

from the userds perspective.

2.3.17.1 Human Error 0: Incorrect or Experimentation?
Rasmussen makes a point not often spoken of related to Error; that a certain amount of
error is necessary in certain tasks in order to reach an expected level of optimization. Error is
only the result of an unsuccessful experiment in a work environmeéntthas fAunki ndo; t
consequences of actions taken are immediate and irreversible.
AHowever, human variability is an i mportan
the ability to adapt to peculiarities in system performance and optimize interaction is the
very reason for having people in a system. To optimize performance, to derelofh
and efficient skills, it is very important to have opportunities to cut corners, to perform
trial and error experiments, and in a way human errors can be considered as unsuccessful
experience experiments with unacceptable consequences. Typiegligréhonly
classified as human errors because they ar
This is often the case because the person either cannot immediately observe the effects of
errors or because the effects are irreversible. This is no newmjiges early as 1905
Ernst mock said, 6Knowledge and error fl ow
can tell one(Rdmussen, 198Gel5045Dh er 6 0
Norman makes very little mention of anything in this vein, but Krippendorff notes that
users will interact with products according to their meanings and for their own reasons.

(Krippendorff, 2006 While Krippendorff does not say the preceding thought explicitly,

51



Rasmussends thought here is clearly compati bl

important to create a model that exhibits overlap between these ideas.

2.3.17.2Errors in Learning and Adaptation
The other dimension of Error that must be taken into account is that a certain amount of error

is to be expected when operators are learning a new procedure; this goes back to what

Rasmussen was saying about learning a new skill.
AThe efficiency of human interaction with th
high degree of fine tuning of the sensory mo
enviroGhmemgtes in the environment will often

schema by a subconscious reaction to cues or

be careful, the road is icyo). Howevreaot t he
take place until a micsenatwhhe rnh avsa lokcicrug roendt,o fno
ground, adaptation of the current motor sche

first happen after the feet have detected th
adaptation andr¥fi metobunsnonbembht aebasically de
occurrences for opti mal adjustments the prop
surpassed ofRasmunsgewhillceld o6
This essentially means that the only way skills get developed is that we learn the boundaries

of where the motions of the skill cannot go. This is most important for wherBalséd

Processing is being developed, especially when a certain amount oioprecigquired. No

other model mentions this, so this is a welcome addition to the information available for this

thesis.
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2.3.17.3Error Recovery

Error Recovery, according to Rasmussen, is the ability to recognize that an Error has
occurred, and then, before any negative consequences have occurred, to undo or reverse the
Error. Error Recovery, in this way, then, has two main components for sualesserzability and
reversibility, the definitions of which asgraightforward Observability is the ability of the
device to show the operator that an error has occurred; reversibility is the ability of the device to
allow the operator to reverse (undoidsarror.

AError observability depends on the percep
the actual system response to human action... Error corrections then depend on the availability of
alternative control patterns by proper cues before control is irrblselsst... (this is) tightly
related to specific dynamic pr dRaemussencl98pof t he
153).

Error Observability is only possible if there is an expectation of what the right outcome in
a systenis; thus, when something goes wrong, the Dynamic World Model (DWM) is able to let
the Conscious Processor know that something is wrong. And, of course, the DWM is only able to
do this if the system lets the user know in some way that an error has occhrsezhriTbe done
with Error Messages (Norman, Krippendorff) or other Affordances (Norman, Krippendorff),

Signifiers by Norman, as well as Feedback (Norm&ippendorff). The models do not overlap

here, but complement each other well.

2.3.17.4Mechanisms behind HumanMachine Mismatches
Rasmussen gives a list of ways humans can be at odds with their systems and error can

OcCcur.
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1. Motor Variability
Mot or Variability is a straightfspacevard con
precision of sensory motor control may not be adequate for the task at hand, leading to
occasi onal mi smatchesé (for examplepothe shor
(Rasmussen, 198@56. Norman (2013) would most likely classify this sort of error as an

Action-Based Slip.

2. Stereotype Takeover
Stereotype Takeover occurs when Rules and Skills work against the user, such as when:
Afanot her schema takes over the control, eithe
also part of another frequently used schema, or because of interfegimigoims of the detached
at t e rffRasmoissen, 1986. 156. Essentially, the user is doing something so similar to a
di fferent task that the rules and skills from
foll owing the other taskds procedures. Nor man

Capture Sps. Krippendorff makes no mention of these mechanisms.

3. Incorrect Recall of Rules and Kneiow
One of the most common ways humans err at the-Based level is by recalling
procedures incorrectlifRasmussen, 1986} his manifests itself commonly as forgetting an item
or a task that isnét part of a schema or proc
points. Norman (2013) would certainly call these kinds of errors Meiapge errors at the

Rule-BasedLevel.

4. MistakeAmong Alternatives.
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A AiMistake Among Alternatives, 0 according
one of a couple of possible alternatives to use, such aglleftupdown plusmi nus AB et c. 0
Norman (2013) would most likely characterize this type of error as a Description

Similiarity Slip.

5. Familiar Association Shortcut
One of the nastier problems related to Error is that sometimes the problem needs to be
attended to at a Knowleddmased level, but all of the operators are still working at a-Blatled
level. In fact, when faced with a problem, operators will often fobofamiliar pattern of
behavior as soon as the opportunity presents itself. This takeover can be so powerful that even if
data seems to contradict it afterwards, the decision would generally not be reversed. Rasmussen

call s this a fAFarntidutadr. ANMosroncamthasn nSch cor ol | ar

2.3.18Rasmussen as a Source

Rasmussen (1986) providemnyfantastic things for this thesis area that other sources
do not, but his text also comes with some limitations.

Rasmussends strengths are obvi omakihgy t he | e
models for operators, as well as his breadth of knowledge on all levels of interaction.

However, as for | imitations, while Rasmuss
can occur, it makes no mention of any way to combat or deal with these Errors. Secondly, his
model of the human mind is almost a computational one. Things rarely eszamseand effect
relationship with Rasmussen6és model s; there i
Thirdly, his model lacks what Krippendorff (2006) will consider See@nder understanding.

This means that the model speaks of the objeatiakty of things and how humans err from that
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reality. While this may be a computationally useful perspective to have when trying to get people

to Ado it rightenteteds Wwaydby bhobBblseg at usa

2.3.19 Rasmussers IPHMI as a Source

This text takes decades of safety controls research from nuclear power plants and the
chemical processing industry, including safety and accident reports to create a sort of
cause/effect model of a human mind. This allowed Rasmussen and his team ta créaté u | |
frame of reference that served us well in formulating our problems in concepts that could be
related t o c on(RasnussenslPOWhdenmuctbar power plants and chemical
processing plants are not the medical field,
Rasmussen (1986) describes, where errors and misuses of controls result in disastrous
consequences. This book, howeverd oes t ake human beings from a
machined |l ens. The human is meant to carry ou

very relevant to the thesis topic at hand.

2.4Industrial Design

Having looked at Information Processing and its role in our understanding of usability, it is

also important to consider where Industrial Design stands in the usability question.

2.4.1 Intuitive DesignL

One of the main ways Industrial Design markets its usefulness is making products
Alntuitivedo to use.

The study of #Alntuitive designo involved s
experiment by Blackler, et al, (2003). This is a product comparison experiment involving a small

number ofsubjects and the evaluain of how well the subjects could operate a selection of
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cameras without instruction. Most of the prec
introduction. The study found that cameras that had control schemes that were similar to other
cameras that the candidates had seen previously were the most sutcesaft bei ng @i nt L
figured out and used. This study is highly relevant to the thesis at hand, as it is a limited but

relevant experiment on simple product controls and usability; namely that familiarity with
alreadyknown systems isthe mostimparta f act or when determining w
gives a detailed description of the controls
survey afterwards.

Il ntuitive, as generally defined within the
users to pick up a product and kn®Bckleretw t o us
al., 2003)In Information ProcessindRasmussen, as previously discussed, (see: 4.3.1) would
classify intuition as RukBased decision making, which is a lower level of decision making

based on cues from previously learned products, systems, and situations. How does Industrial

Designstackup One of the authors of North Carolina
has c¢cl ai med, AWe have not done any deep resea
intuitive use) makes so much sense to me | never quesiioned ( Bl ac k!l er , Popovi

It must be noted here that one of the Princip
Useo. It is clear, then based on this experto
largely unsupported, appationrb ased definition of Aintuitive d
people can use the product, then it is a usable product). While such a definition may effectively

be true, such a working definition gives other designers little direction whemés to

guidelines in making products, especially novel products, intuitive to use.
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2.4.2Information Processings attempted move into Industrial Design

The largest and most higirofile move that Information Processing has made into Industrial
Design is with DboheBdsigh oNwerydey ThinGeevimoslyThe

Psychology of Everyday Thingglorman, 2013) nd e e d , Nor man directly <c
work on the Levels of Processing at several points in this book (this duplicate material will not

be revisited in this section). However, Nor ma
research that makeatmeaningful addition to this model. The following sections will largely be

t aken f r oDesijhoirEreayday Bhind2013).

2.4.3Design needs Information Processing, and vice versa

One of the most obvious weaknesses of Information Processing is that it tends to look at
human beings as a cog in a machine; a component of a system. Design, on the other hand, seems
to know very little about what really makes items intuitively useablemidn has leveled plenty
of these criticisms at design. Despite this frequent criticism of design, he does not dismiss
design; far from it. His connection of the two fields is not an accident:

AWe also tend to believe that thought can

Cognition and emotion cannot be separated. Cognitive thoughts lead to emotions;

emotions drive cognitive thoughts. The brain is structured to act upon the world, and

every action carries with it expectations, and these expectations drive emotions; that is

why much of language is based on physical metaphors, why the body and its interaction

with the environment are ess@aman®0l3 compone

p.47)
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Clearly, | nf or ma-asefaulty-cénmpuoter @esvssiincomblete, amdhso is
Designdés | ack of wunderstanding. I't i s natur al

Norman lays out many different terms to dissect usability in desig

2.44 Affordances by Norman

Nor man defines Affordance as the firelation
(or for that matter, any interacting agent, be it animal or human, or even machines and robots).
An Affordance is a relationship between the properties of an objechammapabilities of the
agent that deter mi ne |(Naemnman, B0d3p.13. A cairdhbtjcanbed ¢ an
sat upon but is too heavy to lift has the Affordance of sitting but not the Affordance of being
lifted. Norman makes an extra note that an Affordance by Norman can only be defined in
reference to its us ersdepéntiéhupeon theepropedies ofdbtitleer d anc e
obj ect an(ormah, 013 p.Ehis definition of Affordance is extremely similar to
that of Krippendorff. This makes sense, but Norman breaks from Krippendorff in that
AAffordances exi s1t0t éNoréenan,201B3, pdXangiderahe chair in the

previous example. Hypothetically, if the chair physically can be lifted, but is visually designed in

such a way that it does not | ook Ilike it <can
there. I n No rfondamcéis a phyisiealwelatiomghip &dne; it has nothing to do with
what goes on inside the usero6s head (an area

Krippendorff would most likely disagree on this.

2.45 Signifiers by Norman

~

Norman(2013)definesSignifieri n hi s wor k as things that dAc
action (determined by the Af f(old &Essentaly,aby Nor ma

Signifier is a sign that Apoints tod an Affor

59



paragraph. If the chair had no handle but could be physically lifted, then the chair would have an
Affordance by Normaif being lifted, but not &ignifier by Normarof being lifted.

This would, in theory, make the opposite true as well; if a chair were bolted to the ground
but also had a handle for movement, that chair would h&ugrafier by Normarfor lifting in
the form of the handle, but would not haveAdfordance by Normaifor lifting, in the fact that
it was bolted to the ground. Consider also obvious benches in public spaces with signs on them
that read ADo not sit on the bencho, as anoth
Affordance but a contrary Signifier.

Signifiers, Norman notes communicate HAwhat
be done. Signifiers must be(Ngpman®H]3 p.BEInlae, el se
Signifier is not just an arrow pointing to a handle; it must in some way communicate what is to
happen with that handle, through expectation or some other means. Sometimes, Norman says,
Affordances by Norman are perceivable enough that they areusbenough to act as Signifiers.

So, if an Affordance by Norman is obvious enougbpes not need its own Signifier.

2.4 6 Discoverability

Discoverability, according to Normg2013) i s when Ait i s possi bl
actions are possi bl e anpd7?.tThisss acather generdl defniticm,t e o f

and it has many concepts working under its surface. For instance, what the user is expecting is a

| arge portion of di scofvoerrvaabridd tays (Ra semu stshe m k(i1

as are simpler aspadike Affordances by Norman and Signifiers.

2.47 Mapping

Mappingi s a term into which Norman goes into

bet ween the el emen(Nermanf2018pn20) Inslesigrs esmediallytdbsigm g s . 0
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of interface or controls, the Athingso in thi
elements. The best kind bfapping h e Natyrad Mapping 0i wher e t here i s s
sense made about the control and the controll
mean more or more intense. Or, alternatively, using a pair of tillers to turn a riding lawn mower;
theNatural Mapping s such that reduce the pressure on ¢
mower should slow down, maljrthe mower turn that way. Norman ranks the preferable types
of Natural Mappingcontrols that are mounted directly on the item to be controlled are best, as
close as possible are second best, and third best is arranged in a similar special configuration as
the thing to be controlled.

In that way Natural Mapping | ead fit o i mme @Norman,018p2f.er st an
Norman makes special note of the fact, however Magipings that feel natural to one culture
(and, by extension, feel natural to the designer) may not be true across cultures. He gives an
example of the clickers for PowerPoints; some cultures (like western cultures) say that the up
button should change the sliftewards, but other cultures disagree on this vehemently.

Rasmussen does talk about contibgppingin an indirect way when he refers to
Imagery in Perception; Rasmussen makes note that Layouts are perceived rather than images.
(Rasmussen, 1986)hi s makes sense within Normanbés fr am:

mention of cultural differences in the design of controls.

2.48 Conceptual Models

A Conceptual Model is fAdAan explanation, wusual/l
doesndét have to be compl et e o(Normmen 20d3, @26) accur a
This can be anything from knowing that therebo

up your coffee before it runs through the grounds to simply knowing that if you place a file in a
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folder on your computer, it wildl be Aino the
overlap with Metaphor in Krippendorffds Produ
something that a user has (and it most definitely is), Norman also matkethat designers also

have Conceptual Models of products they design, and that their Conceptual Model is likely

different to that of the user. A Conceptual Model is essentially a Mental Model from Rasmussen.
However, a Mental Model has significantly mduactions than a Conceptual Model. (See

section on Information Processing)

2.49 System Image

~

A System I mage is defined as Athe combined i
about the product)é It is more or | ess the ph
Model. It includes elements such as instruction manuals, informatiod fmuthe internet,
things we have hear d i(Nornma 2043pm33¢-32). (Ahisvsearyt i s e me n

similar to Krippendorffodés Meaning of Artifact

2.410Knowledge in the Head vs. In the World

On the idea of knowledge, Norman makes a distinction between Knowledge in the Head
and Knowledge in the World. While Aknowl edgebo
possible to encode fAknowl edgeo owotrol dt.hoi n gNso ranma

creates a graphical breakdown of the tradeoffs between knowledge in the head vs the world:
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TABLE 3.1. Tradeoffs Between Knowledge in the World and in the Head

Knowledge in the World Knowledge in the Head
Information is readily and easily Material in working memory is read-
available whenever perceivable, ily available. Otherwise considerable

search and effort may be required.

Interpretation substitutes for Requires learning, which can be
learning. How easy it is to interpret considerable. Learning is made
knowledge in the world depends easier if there is meaning or

upon the skill of the designer. structure to the material or if there

is a good conceptual model.

Slowed by the need to find and Can be efficient, espécially if so
interpret the knowledge. well-learned that it is automated.

Ease of use at first encounter is high.| Ease of use at first encounter is low.

Can be ugly and inelegant, Nothing needs to be visible, which
especially if there is a need to gives more freedom to the designer.
maintain a lot of knowledge. This This leads to cleaner, more pleas-
can lead to clutter. Here is where the| ing appearance—at the cost of ease
skills of the graphics and industrial of use at first encounter, learning,
designer play major roles. and remembering.

Figure 8: Knowledge in the Head vs. In the World(Norman, 2013)

2.411Knowledge in the Head

At its essence, Knowledge in the Head is what is commonly referred to as Memory,

which is broken down into two main parts: Short Term and Long Term memory.

2.4.11.1Short Term Memory (STM) or Working Memory

Short Term Memory, writes Nor man, Aretains

that is currently being thought abouté |
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wi t h o u t(Noerfard, B0 3p.920This level of memory has obvious utility for the usability
of devices, but it comes with a caveat:

AThe traditional measures of STM capacity
but from a practical point of view, it is bes
Donét count on muc KNofnan, 2018p.%) Whichesdo saynSTNEi$ M. 0
useful but limited.

Rasmussen refers to a similar concept, memory limits and all, in KnowBzapzl
Processing; in fact, this may be Norman writing about Knowldged Processing under a
different name. The Conscious Processor (as Rasmussen refers to it) can onlynhitéd a li
number of items; it is the Unconscious Processor (Baked and SkdBased Processing) that

deals with the vast majority of inputs and outputs.

2.4.11.2l ong Term Memory (LTM)

Long Term Memory (LTM¥ii s memory for the past. As a r
information to get into LTM and time and effort to get it out aggiNorman, 2013p.949

Rasmussen does not speak on the subject of Long Term Memory in any major way. He
has integrated it into his model as something someone pulls from in interaction, but in no other
manner.

a.Remembering Arbitrary vs Meaningful things

An interesting distinction that Norman draws in Long Term Memory is the difference
bet ween remembering meani ngl Mearsngthaughther&wili pp end
be some overlap) things or things that seem to stem from something else in memory. Trying to
both learn and remember entirely arbitrary thimgspuntdNorman,causes issue@Norman,

2013)Meanwhile, remembering meaningful things, or at the very least things that stem from
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other things in a manner that makes sense, 1is
already have, so the new material can be understood, interpreted and integrated with previously

Il ear ned (Nomane20i3@99.0Clearly, the best way to have someone remember

something (if the artifact requires that they must remember something) is to have the structure of

the object be meaningful.

The use of the word fAmeani ngo IMeaniegthats i nt e
Krippendorff wuses (Krippendorffds Meaning bei
certainly has overlap. Artifacts that have Meaning by Krippendorff would almost certainly be
easier to store in LTM, and then would in turn be easier to pull ifbkh to provoke more

Meaning in a user. It would be appropriate to integrate these models.

2.412 Knowledge in the World

Norman offers a solution to the memory problem: instead of forcing the user to memorize
things, the artifact, or something else in the world, should remember the data for them. In

Nor mandés view, the strongest wa yusetobConstramts.e Kk no

2.4.12.1Constraints by Norman

Constraints, as defined by Norman (2013),
possible actions. The thoughtful use of constraints in design lets people readily determine the
proper course of act i(l25Noenaredetails fourtgoesrob vel si tu
constraints.

a.Physical Constraints

PhysicalConstraints are by far the most straigh

APhysical Il i mitation constrain possible op
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smal | hol eé The value of physical constrai
physical world for their operation; no special training is necessary. With the proper use of
physical constraints, there should only be a limited number of possilerastié (t hey)
are made more effective and useful i f they
physical constraint prevents a wrong actio
(Norman, 2013p.125.
This description is fairly straightforward; if you do not want users taking that action; or if
there will be unacceptable consequences in doing so, then do not allow the device to let them
take that action. Kr i pp e n d onitidnfof Cdnstraietcand iryhisr e f | e
definition of Constraints; however, he does not propose all of the subtypes that Norman does.
Norman proposes several kinds of Physical Constraints.
The most extreme kind of Physical Constraints is called Forcing Functions, where a user is
hardprevented from taking a certain action through three types of limits: Interlocksjhsck
and Lockouts.
T I'nterl ocks are physical constraints tha
actions must be made in a prescribed se
safety reasons for either the product,

preventemami laemé6s automatic transmission

the brake pedal is pressed. A subtype o
switcho, where if an operator is distra
down. Thi nk -porfewtr ee sawvon £tharst used on most
value, these seem to be an effective so
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ob
i n

T Lo

b.Cul tu

Nor ma

trusive, users have taken to disablin
validating its use.

gkns, as opposed to interlocks, fAkeep
om premat urn &Nloy mathg pRIABP ,i tid an oper at

nning, this function prevents it from
acceptable happening as a result of t
feature is the fare you snugroe fyuonuc twiosn

based computer programs.

eokut s, are thienesppokeyepoévéocka user,
wanted user, from interacting with a
i's may -lbas é d,c adbriaesdeedn,t ioarl ssome ot her f o
put bef osrteartthse fduenwcitcieoni ng. A-ogbodsexa
e pin that needs to be removed from t
ral Constraints

nés definition of Cultural Constraint

soci al gNotmarg 2013p.12§ These are simple things like holding the door open for

the person behind you, or the knowledge that the driver sits on the left side of a vehicle. These

things are more applicable outside of the hospital, the environment which is the focus of this

thesisbut are still nonetheless applicable. A caveat Witltural Constraints is that, just like

with culture in general, they will change over time.

A subtype of Cultural Constraints which is especially relevant to medical device design is

that of cultural norms, conventions, and standards. Violating these is generally poor practice:
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APeople invariably object and compl ain whe
existing array of products and systems. Convention is violated; new learning is required.
The merits of the new system ar ¢Normamel evan
2013 pp.128129)
An ongoing challenge to improvements in design, and medical device innovation in
particular is that any change in the accepted procedure or norms is often met with considerable
resistance. Norman explains why:
AStandardi zati on i s ilenotidesmechtion; When no atimed a ment al
solution seems possible, simply design everything the same way, so that people only have
to Il earn onceé When all e | Nermdna201BEl30. st and a
Standards are a doubkdelged sword. They can help designers by prescribing interaction
types for certain actions that a majority of people can be expected to understand, like the
common knowledge of having a power toggle switch on the backside of anydgivier. This
can al so cause what Nor man(NamanQ01BpHZjwhichs At he
that a way of doing things is maintained simply because that is the way it has always been done.
This can sometimes be an impediment to innovation.

c.Semantic Constraints

Semantic Constraints, (not to be confused with Product Semantics by Krippendorff or
Semanticdy Semiotick , fare those that rely upon the mea
of possi Noremana20i3p.1@% $hés use of the wortheanings not to be confused
with Meaning as defined by Krippendorff (2006). An example of this would be that small,
brightly colored plastic wrapped objects with fun graphics on the labels are likely to be some

form of candy, or that the correct color for ak&dight is red. As can be recognised, the
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difference between Semantic by Norman Constraints and Cultural Constraints is very slim, and
there seems to be a lot of overlap between the two categories.
Krippendorffdés and other semioticiansdé stu
stronger and better elaborated view than what Norman has written. It is good to know that
Norman acknowledges the existence of Semantics as an area of study, but Krippeddor
Semiotics are sorely needed to reinforce the work of designers.
Semantic Constraints, Norman says, also change with time. While Krippendorff does not
say this explicitly, it is logically consistent with what Krippendorff claims. If users are the
arbiters of Meaning by Krippendorff, and users are influenced by cuit@me jt would stand to
reason that Meaning by Krippendorff can be influenced by culture.

d.Logical Constraints

Logical Constraints are often eithdapping (discussed earlier) or are conclusions
simply reached by process of elimination. An example of a logical constraint found by process of
elimination is when assembling a product or device (for example, piece of furniture), and not
knowing where to put aectain component, if you are able to assemble the rest of the model, then

the only remaining spot must be where that piece goes.

2.413The Two Gulfs

Nor man sets up his model of wuse by introdu
effective interaction with the world. These gulfs are the Gulf of Evaluation and the Gulf of

Execution.
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2.4.13.1Gulf of Evaluation

According to Norman, the Gulf of Evaluatio
what happened... (it) reflects the amount of effort that the person must make to interpret the
physical state of the device and to determine how well the expectatidnstentions have been
me t(Nooman, 2013p.39 An example of this is when a user presses a button and is trying to
figure out what the button did what they expe

bridge the Gulf of Evaluation? Feedback and a good Conceptual B{detman, 2013p.39

2.4.13.2Gulf of Execution
The Gulf of Execution, is the opposite; this
operatesé we bridge the Gulf of ExeMapginggon t hr

and a Conc e(pdormaa,|l2013pat@ el . 0

2.414 Levels of Interaction by Norman

Distinctly different from R@eaman & &aydostthtee v el s
different levels of interaction: Visceral, Behavioral, and Reflective. Each resides in both the

Gulfs Evaluation and of Execution.

2.4.14.1Visceral

Vi sceral processing is the most basic | evel
l evel makes figuick judgements about the envir
Visceral system allows us to respond quickly and subconsciously, withostious awareness
or ¢ o(Ndrmano, P04 3pp.50-51). 't is the Afirst i mpressiono
product leaves on a person upon initial inspection; whether you are attracted to or repulsed by the

style of an object or scenario. This is the level at which aesthetics matter. It is notewdrtty in
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it is Afast and automatico and i s (Namfah,uenced
2013) Visceral responses do not assign blame or cause, only judgements of taste. This level has
no corollary in Rasmussen, though it is possible that it relates to the Dynamic World Model. It

will have a corollary in Krippendorff (See: Sense by Krippendorff).

2.4.14.2Behavioral

According to Norman, The Behaviolalv el of i nteraction is Athe h
triggered by situations that match the appropriate patterns. Actions and analyses at this level are
largely subconscious. Even though we are aware of our actions, we are often unaware of the

d e t g@Notman) 2013p.51). This is primarily the level driven by expectation. If this seems
extremely similar to RBasethand SkiBmGs dc dredap/tiioan d
because it is. I n fact, itds so close that No

Rasmusan.

2.4.14.3Reflective
The Reflective level of interaction, according to Norman (2018) At he home of <con:
cognition. As a consequence, this is where deep understanding develops, where reasoning and

conscious decisiema ki n g t gNomnanp20E3p.59 .This is very closely related to

Ras mussenodsb akneodw lbeechgaev i or . Nor ma nléwl hdvwever, ni t i on
goes beyond Rasmussed 60lse lKKanwiwd re.d gRea s mbasesssend s i
behavi or -themoamevnetroy cfioinncept i on. Nor mands defini

interaction probably includes the updating of the DynamicldMdodel, and perhaps the

Dynamic World Model itself.
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2.415The Action Cycle

Norman details a model of product interaction, and these stages reflect the three levels of

interaction. The diagram Norman provides for this cycle is shown below:

Figure 9: Action Cycle, (Norman, 2013)

2.4.15.1Steps in the Action Cycle
Nor mands Action Cycle is br okeestablislkedn i nt o
igoal 06 as step zero. As the interaction occurs

levels of interaction described before, and each answers a basic question regarding interaction.
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1.Plan (Reflective Level): AWhat are the

2.Specify (Behavioral): fAWhat can | do?0
3.Perform (Visceral): fAHow do | do it?0o
4 Percieve (Visceral): AWhat happened?o0
5.l nterpret (Behavioral): AWhat does it
6.Compare (Reflective): fils this okay?o

(Norman, 2013p.7])

In this way, the model forms a loop.

2.416 Feedforward & Feedback by Norman

I n the graphi cs intefactibhoherenarentosarromoticheare labeled Feedback
and Feed-orward. These terms, which seem to have been taken straight from the domain of
Information Processing, merely say whether the step is reactive (i.e. experienced in response of
feedback) or predictive (i.e. experienced because the user attempted to pnatimtoduct use

would look like). Krippendorff (2006) provides tools representing the explanation of this

process.

2.4.16.1Feedback by Norman

Norman (2013) defines Feedback as: fisome
working on your requesté (it is the device)
u s e (pp.23-4) Essentially, this is the device telling you that it has received the input that you
have given it and is doing something with that input. Norman notes that it is important that
feedback is quick, specific, and as unobtrusive as possible while stiliriglfiié goal. If the

feedback is too slow, you are liable tavie an anxious user that may make a Mistake. If the
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feedback is nonspecific, the user may misunderstand what the machine is doing, (which has
interesting implications for Krippendorffds d
feedback provided is too strong, (i.e. distracting, uninformativantcause irritation and

anxiety in the user. It is a very broad definition, but an effective one. Nq@20ag)reiterates

this point: AHospital operating rooms, emerge
cockpits. All can become confusingijtating, and lifeendangering places because of excessive

feedback. Feedback is essential, but it has to be done correctly. Approjr{ate)

2.4.16.2Feedforward by Norman

While most designers are aware of Feedback, Norman speaks of one additional term of
interaction that is the opposite of Feedback, which is calledFemdard. Feed-orward is
Ai nformation that hel ps an@®aovean 2@lBpeg3ti ons of e
Essentially, this is information that is intended to help the user predict what result will happen
when a certain action is taken.

Rasmussen speaks on these two concepts (and in fact this may be where Norman got the
terminology) and uses them extensively. Krippendorff utilizes Feedback as a term in his model
as well, with a similar definitdonffoéddaeder,
|l nstead, Krippendorff speaks of Maps of Possi

guides that allow the user to anticipate what fediard options are available.

2.4.17Errors by Norman

Nor mands c ov e The Besignoof Eveeyday dhingsperhaps one of the
things the book is best known for. Error, as defined by Noi@@@b3) i s At he gener al

al | wr on(@.174 Eld splits the category up into two subcategories, described as Slips
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and Mistakes. The differentiation between these is the location of the error; whether the break is

between the mind and the body, or between the task and the mind.

2.4.17.1Slips
AA SlIlip occurs, o0 says Norman (2013), Awhen
up doing something else. With a Slip, the action performed is not the same as the action that was
i nt e n@l@ldin this case, the breakdown is between the mind and the body; the user intends
to do something but does something else. Norman details two subcategories of Slips; Action
Based and Memori apse.

1. ActBased Slips

Action-Based Slips are characterized by the wrong action being performed. For instance,

checking your phone while pouring a drink and then placing your phone in the refrigerator.

Rasmussen might characterize some of these Slipteesotype Takeovdrthe Slip entails

taking a fAnormal 6 action instead of a correct
Norman details four different subtypes of ActiBased Slips.
Capture Slips are where a user is performing one action, (such as collating pages) and has

been recently doing (or commonly does) a similar action (such as counting cards) and begins

doing the thing they recently have done rather than the correct aatioto{inting the pages

with the addition of Ajack, queen, kingo, 1ins

obvious solution here is to make fundamentally different procedures different enough that they

do not interfere wsmind one another in the user
Rasmussen would probably call these errors

to be no corollary in Product Semantics or Semiotics.
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DescriptionSimilarity Slips are where the user performs an action on an incorrect object
that is similar enough to be confused. For instance, picking up the spoonrabsdedly to try
to cut a steak. This was the kind of error that Alphonse Chapams/eldson the control panels
oftheB256s. The solution here is to make object s
Norman and Affordances by Norman that they do not get confused, or have the objects appear at
different times in the sequenceusfe.(Norman, 2013Rasmussen would probably also call this
a Stereotype Takeover; Krippendorffdés writing
Di sruption in Meaning, but Normandés descripti

Mode-Error Slips are Slips that only happen under very specific circumstances, such as
when i f the product i nvolved has distinct A
defines it as a mode when dAa de wurolshave tifteentdi f f e
me a n i (Nognsgaum, 2013)

This definition has an interesting relat.i
Meani ng, Nor man even uses the word fAmeaningbo
depends not on a failure of memory or an unconscious shell game of desgyriptiban actual
misinterpretation by the user of what the object means in that moment.

Krippendorff would almost certainly classify this as a Disruption, though the actual
Disruption may not occur until the user has tried using the device in the incorrect mode and must
diagnose what is going wrong. Rasmussen does not mention this kindef mod

Memory-Lapse Slips are fairly sedxplanatory, and quite broad this is where a simple
action is merely forgotten. This includes: i f
steps for getting the outcome of an action, or forgetting the go#&myrtpereby causing the

action t o (Nbremans2018ml@gte d . o
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2.4.17.2Mistakes

Mistakes, as opposed to Slips, represent situations where the user chooses the wrong plan
or attempts to use the device with the wrong goal in mind. Therefore the breakdown is between
the task and the user s mind, urhertsubtivides mi nd an
mistakes into three categories; R&#lased, Knowledg8ased, and Memorkapse. (If the first
two type titles sound familiar, 1 td6s because
processing.)

1. RuiBased Mistakes

Rule-Based Mistakes are when the user has the correct goal in mind, but uses the wrong
met hod to solve the problem; thus, the wrong
they are a failure of setting a correct goal or p{Alerman, 2013)

2. Knowl-Baged Mistakes

Knowledgebased Mistakes occur when users have the incorrect goal in mind. This
incorrect goal leads them to the wrong action, and therefore something unacceptable occurs. This
i's most common when fithe sitwuatilllsoriusstmovel e
cover it in this case gNomam20iBp.184AsdRasmessemmu st be
says, the best way for a user to deal with KnowleBigged interaction is to have a good
understanding of the system, or, in Normanos
Memory-Lapse Mistakes are simply another instance of memory failing the user, but this
time, the memory fails at the knowledge level rather than the unconscious interaction level.
Thesesortsof Memoty apses can cause fdf or gqueAtcomimorgcauseh e g o ¢

of the lapse is an interruption that leads to forgetting the evaluation of the current state of the
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environment these | ead to Mistakes not Slips

(Norman, 2013p.185

2.4.18Strategies to Combat Error

Norman lays out several different strategies for combating error. The most relevant of

these to the purpose of this thesis are listed below.

2.4.18.1Checklists

Checklists are exactly what their name suggests. They are simply sequences of use placed
into written format that must be checked off before an a task is declared complete. They are
especially important in industries where interruptions are common suichhesmedical fields.
Norman actually makes special mention of how useful checklists could be in the medical fields
and how resistant the medical fields have been to incorporating them. This highlights how
benefici al Nor manos gdatedintgtime medical tieMorman, 2003y | d b e
Rasmussen makes no mention of checklists; Neither Product Semantics nor Semiotics provides

useful information on this subject.

2.4.18.2Constraints to Block errors
Norman (2013) mentions constraints as an effective tool for blocking error. Especially
useful in this area are the constraints of physical constraints and forcing functions. Both of these

have been described in earlier sections (see 2.4.2.7, Constraints).

2.4.18.3Undo Functions
Exemplifieddioommandcamd the backspace butt
the undo function for its utility in combating error. He recognizes that the ability to undo is not

always possible especially in unfriendly environment but mentions thaingishould be
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available whenever possible. Rasmussen (1986) mentions this functionality (See Revérsibility

Error Recovery) but Product Semantics and semiotics do not.

2.4.18.4Confirmation and Error Messages

Confirmations andrror Messages maybe an obvious solution for avoiding error.
However, the source of the problem (i.e. that is, what level of interaction the problems come
from; whether it whether it is a Slip or a Mistake) is the primary reason why these systems often
end up nobeing useful. If the confirmation message is there as a block against a Mistake, it will
often not be useful; as Norman says if the user has chosen the goal of, for instance, deleting a file
on a computer, the user will most ligado it, unless the computer communicates to the user that
the file is not the one they want to delete. However if it is a Slip (i.e. they do not intend to delete
the file but they clicked the control by accident) then a confirmation can be very uséfig; as
will prevent the onestroke accidental file deletion.

Krippendorff would almost certainly consider these Overridable Constraints. Rasmussen

only makes mention of this tangentially when he speaks on Error Recovery.

2.4.18.5Sensibility Checks

SensibilityChecks are merely guardrails that the product is designed within to prevent it
being abused or used in an improper way. Norman (2013) specifically mentions radiation
delivering devices in medical institutions as a good candidate for sensibility checks. Many
radiation devices, he says, are able to deliver a dose of radiation many times greater than what
any patient could possibly need, and, without proper limits, the machine makes no special

mention of the error than it would for safe dosage s€hexrors end with disastrous
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consequences. There is no mention of this in any of the other reviewed sources, and so this offers

a unique addition to the background of this thesis.

2.4.19Norman as a Source
Normandéds text includes many strengths and
Nor mandés strengths include the wealth of a
usability (Affordances, Constraintslappingetc., something that Rasmussen sorely lacks) as
well as a simplified model of interaction in the Action Cycle. His source emphasizes that Error
is, more often than not, the result of bad design rather than any fault of the human. His source is
very broadand covers a lot of topics well.
His sourceébés | imitations are primarily a d

Action Cycle, whereas Rasmussendés model s are

2.4.20Normand Design of Everyday Things as a Source

Nor mandéds book, overall, is incredibly wuseful
research itself, as the book is not a study, but it is a broad and deep analysis of many different
aspects of Industrial Design and pulls from many reputable sourcagl{img Rasmussen) to

make his claims and recommendations.

2.5Product Semantics

Industrial Design practitioners have come up with theories for usability apart from those
rooted in Human Factors and Information Processing. In fact, research in Industrial Design has
specifically targeted usability and intuition as a specific design meme This movement,

called Product Semantics by those who utilize it, is rooted in several sources. First was the article
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in Innovation Magazine by Krippendorff and Butter (1984). This article represents the first time
that Product Semantics appears in design literature, and is thus important for that fact alone. This
source does not cite many studies or scientific sourcde dike, (a recurring theme for Product
Semantics) but relies on the expertise of those designers writing the article. The authors rely
heavily on their own design experience but do cite several other sources to back up their
assertions. The source imlted by its context, having been written in 1984, and thus it is

possible that some of the assertions are outdated.

Second isThe Semantic Turby Klaus Krippendorff (2006); from which the vast majority of
information on Product Semanticsthis sectiors taken from. This text, authored by one of the
originators of Product Semantics, lays out in painstaking detail the tenets, considerations, and
importance of Product Semantics. It cites some sources, but not many. The final source
referenced in this s@on will be an experiment published by Lin, Lin, et al. (1996). The authors
present a study using multidimensionalsty to gain a deeper understanding of Product
Semantics. While they were not successful, their methodology involving a questionnaire was
reasonable, though flawed for reasons of human fallibility. The study is useful in the fact that this
avenue of measing Product Semantics has been explored, but does not give many insights
beyond the fact that more research is needed.

The study of Product Semantics was pioneered by Krippendorf and Butter (1984) by
whom it was defined ameaninpc o mmuni cat ed through objectsd fo
product interaction data and pulling insights from that (like Human Factors Engineering or
Information Processing would), Product Semantics starts by seeking to determing how humans

ascribe meangs to products and develops its understandings from(Krgapendorff, 2006)n
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learning the totality of what Product Semantics entalils, it is natural that we would look at
primarily sources from Krippendorf and Butter specifically over studies and applications.

As originally described in Innovation Magazine, Krippendorf and Butter (1984) give an
initial description of Product Semantics stating that: A product with proper Product Semantics
should communicate its meaning (use, use case, etc.) as the user sikipty dd and making
inferences from its interface and form. The entire proceeding discussion of this topic will hinge
on this assumption. The authors provide several guidelines for the use of Product Semantics. The
first guideline is avoiding having ddfent products that are indistinguishable or unidentifiable
by a user; i.e. having two or several products with different purposes that look the same. Second
is designing products in such a way that the users are unable to use a product in the intended
way, this involves having few or no usability Affordances, such as lack of proper controls, visual
differentiation and arrangement. The third involves the exclusion of anything relating to
electronic or audio interfaces (Krippendorff (2006), lateFlre Sematic Turn will reject this
third sentiment). Fourth is avoiding the Aina
must operate them, 0 or designing the aesthetd]i
used thereg(Krippendorf & Butter, 1984p.8)

While it is not currently known exactly why or how the human mind ascribes certain
meanings to artifactd.in et al., 1996) Product Semantics has nonetheless been a major
contributor to the i mproving of designed prod
Industrial Design.

The foll owing discussion wil/ be primarily

presented in his booKkhe Semantic Tur(2006).
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2.5.1Sense

While Product Semantics centers around the idea of Meaning, it does acknowledge that it
is not the totality of Product Semantics. Sense, according to Krippendorff, here on delineated
when uncl ear by Sense by Kri ppteithdhewofld , i s At h
without reflection, interpretation, or explanation... Sense is the background against which one
noticeses what is unusual, unexpected or different. Sense is the tacit, taken for granted, and
|l argely unconsci ou dKrippandanffi 2006 p.5QMlgs isoektremelyat i s. 0
similar, if not entirely identi calevetob, Nor man
interaction. This is also similar to Rasmusse
Internal World Model that is not throwing Mismatch Signals. Clearly, there is a significant

overlap between these three terminologies.

2.5.2Meaning

By far Krippendorffds primary focus in Pro
products. Meaning, according to Krippendorff, at its most basic, is a way for the mind to restore
Aperceived differences between mghltastawaydso sensed
remain in touch with a wor | d(Ktippeadorff,l2@@p.59 e c 0 me
When applied to products, this definition has obvious utility. It is the gap between what the user
sees with their own eyes and their conception
ideas about Levels of Ab sftevamatiani Koippendodf goes | | as

into further detail on this subject.

2.5.3SecondOrder Understanding

Critical to Krippendorffsdé understanding o

Meaning in Use is what he consid&sconeOrder UnderstandingSecondOrder
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Understanding, according to Krippendorff, is when someone (often a designer) sees and
understands the understanding of someone else, whether it be another stakeholder in the design
or a user. In a Secor@rder Understanding paradigm, a person has theyafuilunderstand that
others see things differently and can attempt to understand the way they do. This is a critical

expectation forhumanent er ed design, and it is something

2.5.4Intro to the Four areas of Product Semantics

There are four main areas in which Krippendorff finds Meaning to be necessarily
understood; Use, Language, Lives of Artifacts, and Ecology of Artifacts, only some of which are

relevant to the thesis at hand.

2.5.5Meaning in Use

The study of Meaning in Use is by far the most elaborafexh section in the study of
meaning, and is, fortunately, the most relevant for the topic at hand. Meaning in Use has to do
with how users ascribe and derive meanings to and from products, resigetti
Krippendorffés own words, Meaning in Use fdadd
artifacts and interact with t hefKrigpeandotffhei r own
2006 p.77. This last part of the phrase is very important; Krippendorff emphasizes thesethe
is the ultimate arbiter of meaning, not the designer. This aligns closely with his idea of-Second

Order Understanding and becomes even more important for the design of interfaces.

2.5.5.1Interfaces
AWhen design is concerned with (2006)arjtes.i nt er f
(p.79)This is an idea that could not be more relevant to the topic at hand. Interfaces,

Krippendorff continues, are things that drend
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functional detail s,mMoamd RTweave nhAutmam wamnsamy
into a dynamic whole that human participants can understand and feel comfortable being in. The
human body is as much a part of an interface as the artifactirtteead (iripgemdorff,

2006 pp.7879). To put in Industrial Design terminology, an Interface is all of the places where a
human interacts on a designed product. Norman and Rasmussen footesfanes as well, but

in a different way.

2.5.5.2Disruptions
A Disruption, according to Krippendorff (2

meaning of the artifact does not fit what is happening with the artifact.

Product Semantics, unlike Human Factors Engineering, does not have a model for
understanding the processes that lead a user to error. Instead, it has a list of what it calls
ADIi sruptionso to be avoided. Kr i pmeamGliched, (200
which are caused by being in a routine when new actions are needed (Rasmussen/Norman would
most likely consider this a ActieBased Slip), Inaccuracies, whereby one strays intolerably from
a norm (Information Processing would most likebnsider this a Knowledgeased Mistake)
Misuses, which is the application of something inappropriately (Information Processing: Rule
and/or Knowledgedased Mistake), Distractions (IP: interruptions), Dilemmas, which is a choice
between two choices, both which have poor outcomes and Entrapments, which can be a dead
end or an infinite loogKrippendorff, 2006)Product Semantics and Human Factors look at error
in similar ways, and they have a great deal of overlap; it is then evident that it will be necessary
to develop a tool that integrates these error modes to account for both the concrete and the more

nebulos modes of error.
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Krippendorffdés concepts exhibit an interes

Rasmussends conception of Errors; Errors are
perspective (i.e. a user was fAsuppmopoeduret o doo
and they didndét do it, did it incorrectly, et
I n this way, a product can be working as inte

what the user understands the interfacéemtroduct itself to be doing, a disruption can occur.
This will cause the user to secegdess what they are doing and try tevaluate the situation,
possibly incorrectly (this idea of productegaluation will be expounded upon further in
sections 4.2.1.35). Such a reevaluation can, in turn, cause Errors. As Krippendorff says, a
human is just as much a part of the interface as the product. In this way, not all Disruptions are
Errors and not all Errors are Disruptions, but there is often an overlap

Krippendorff (2006) speaks to three aspects of interaction in the context of meaning in

product use: Recognition, Exploration, and Reliance.

2.5.5.3Recognition

Recognition, the first step in Krippendorf
again, identifying something by its kind name
(Krippendorff, 2006 p.9]). This is to say, one of the first things a user does when they encounter

an object is they try to categorize it based on something they have seen before. This emphasis on

Asomething they have seen beforeodo ieasjan i mpor
Adesigning artifacts that are easily recogni z
common sense, and (Krippendoiff2006pg9)c onventi onso

Deviations from a prototypical ideal generally fall into two categories: Dimensions and

Features.
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Dimensions are rather straightforward; a product that varies in dimension is either a
larger or smaller version of that product. Whatever dimension that might be, whether it be
|l onger, taller, shorter, more pgwerRftwlum el ean
describe a shopac. We still recognize the artifact as a member of its category, but it is atypical
in size or capability.

Features, on the other hand, are extra fun
product is. Consider the description Aitds a
describe a tow truck. We still recognize the vehicle as a truck, bas ian extra function that
normal trucks do not have.

|l ndeed, there i s a mrotetypicdlitywdereshbwctbse apréduca pr o d
resembles the ideal ment al Aprototypeo of an
object. Objects that vary significantly from the prototype have a good chance of being confused
for other objects.

These concepts overlap signifi-danmtl|l y with
information processing. That is where the user trying to find out what the artifact is, and how

they can derive a goal from that information.

2.5.5.4Metaphor

An interesting part of what Krippendorff touches on but Rasmussen and Norman do not
is a detailed description of how to use Metaphor to assist in the process of Recognition.

Metaphor, according to Krippendorff, includes visual metaphors, which are some of the
most Ai mportant in making new technology comp
enable the recognition of artifacts in terms of the dimensions and featutbgoéiod more

f ami | i a r(Krippendarfff 20@6p. 93 He provides a description for how users interact
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with a new object from a metaphorical standpoint. His detailing of the process resembles

Ra s mu s s e n-upsabstBactiontobinteraction very closely, but with some differences:
1.1 f unable to determine the identity of th
the whole productdés component parts (espe

i nferences about what t hat could mean for

2. The user, considering the component parts
must be against the |l ogic of the parts un
3. The user begins interacting with the art:.i

the user s mi nd a(bkoruitp prehnad o rt fhfe, d2eOvOi6c)e i s .
Most noteworthy here is that this represents a clear example of a hgitapproach (to
borrow Rasmussen terms), but also the specific applicability this has to new product design.
Most of Ras mupsirdeeactiongs wittert int tloeroontext ofacfory in which
something has gone wrong; what Krippendorff has written here is arguably actetiamated
upon version of bottorap processing specifically for a user encountering a new product for the
first time. There is obviously some synthesis ofigle that can happen here.
Krippendorff (2006) adds one final note, s
themsel ves that they have 6foundd a metaphor,
brings famil i dpm101)%his assertionhends crexlancedorthe @ea that the user is

the ultimate arbiter of meaning via Seceddder Understanding.

2.5.5.5Exploration
Exploration is the second step in Krippend
before actual usage and is the stage where th

wor ks, what to do t oKripperdorfe 20@6p.d@Hintother wolrdg, thise f f e ¢
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is the step where the user is thinking, fok,
Krippendorff admits that this is an area that designers do not tend to focus on, pointing out that:

ADesigners tend to f ocusifattis,evhatitisafdr,tamimdawiton mor e
functions, than how it can be explored, handl
reliance than on how its use is acquired dur.i

Krippendorff proposes several ways a designer can assist the user in Exploration.

2.5.5.6Constraints by Krippendorff
One of the most power ful met hods that a de
is through the use of Krippendorffdés idea of
PhysicalConstraints are things that prevent certain things from happening (such as safety
devices, etc.); this idea is almost identical
Overrideable Constraints are constraints that warn the user of irreversible consequences.
Rasmussen speaks on this in a similar manner when speaking of Error Recovery, but this is only
in terms of catching an Error and reversing it after it has been ctadimitorman speaks on this
in Error/Confirmation Messages, and are essentially the same definition as Krippendorff writes
here.
Finally, Unnecessar@onstraints are constraints placed by outside forces that
intentionally inhibit the user, pointed out as instances of bad design. For instance, Norman doors
or Seatbelt Regulation. There is so much overlap here, in fact, that Krippendorff actually cites

Norman here.
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2.5.5.7Affordances by Krippendorff

Affordances, according to Krippendorff, @it he per cepti on of possi |
awareness of wusabilities, (Krigpemdorff, 2006p.1lbdelani ngs
essence, if a person perceives that an object can be sat upargthiehas anAffordanceof
sitting. For designers, this means that A(we)
common to a community of users; to acknowledge how their senses, meanings and actions
routinely follow from each other; and find ways to materially support fif@dances that keep
an interf aclripperalafh20069.119 This quote aligns with several lines of
thought. Firstly, this quote supports the assertion that the user is the ultimate arbiter of meaning
and actions. Secondly, Krippendof#006)me nt i ons t hat @A(a user from
senses, meanings, and actions routif@lpw from each otheo (p.77) This is an important
note, as this is essentially a description of howauet i on r ul es wor k under F
and SkilBased Processing according to Rasmussen.
seeks to ensure that the designer understandsaiheteryone has the same -@gtion rules.

Though supportive, not everything in this section is in agreement; both Norman and
Krippendorff got the idea of Affordances from the same source; J.J. Gibson. This conflict raised
is the question of direct perception or not direct perception. Kripperfdarff | ows Gi bsonoés
and believes that Affordances are fidirectly p
by the brainbés (Nombre2013p.12) processing. 0

One of the noteworthy things about Krippendorff having read and cited Norman is that he
cited Nor man 0The Reyclmhgy of iEweryday Thikgs (POBQticeably absent
fromPOETt hough present i n Nor marheDssigha Evergday ver si o

Things,i s t he i ncl us i isignifierd Thislwouldiead thesreatieeto melieve that
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Krippendorffdés definition of Affordance bl eed
To Norman, an Affordancey Norman is merely the physical capacity for an object to have
somet hing done to it; a Signifier is a fAsigno
the user. Often, these are one in the same, but are not aliNay®.an, 2013)To Krippendorff,

an Affordance by Krippendorff covers both.

2.5.5.8Metonyms

Metonyms are an odd concept, and are tangentially related to Metaphors. Krippendorff
defines Metonyms as fiparts t aken (Krippendotffand f or
2006 p. 114 In other words, Metonym is a sulitem of a broader category shown to
communicate the idea of the broader category to the user. A good example of this is the usage of
an icon of a trash can to symbolize deletion in a computer. A trash can in that instance, is not
standingbr a | iteral trash can, rather it is the
awayo.

Metonyms form the basis for a humeantered theory of sign@rippendorff, 2006)
SeelatersectiononSe mi ot i cs. The i mportant thing to not
humancenteredn reference to a theory of signs.

Metonyms are not spoken about specifically by either Norman or Rasmussen (though
perhaps they may be considered Anal ogy by Ras
however, extremely relevant to the designing of new products, especially understhading
interfaces in the exploration phase: AMet onym

(Krippendorff, 2006 p.117%
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2.5.5.9Informatives

|l nformatives are things that Areport on wh
an interaction, or | ead ondKrippendoeffx20@p.117 what an
Informatives are effectively a better elaboration upon what Norman refers to as Feedback. There
are several types of Informatives, according to Krippendorff.

The first is Signals by Krippendorff (not to be confused with Signals (Semiotics) or
Signals by Rasmussen) which #fAcall attenti on,
t hi ngs (Krjppemderff, ROOGp. 119 A classic example of this is a blinking red light on
an interface telling the user that something is wrong.

There are also State Indicators, which show users what their artifact is presently doing,
which mode of operation it is in. Norman would argue against the use of such an indicator, as he
would argue against modes in general, for the possibility of caadihgdeError Slip(Norman,

2013)

Progress Reports, on the other hand, Al oca
starting an effort and finishing it, or show
(Krippendorff, 2006p. 119Essenti al ly, these functions all oy
are on in any given process. NGhecklistmang wor k fr
advocates for the use Ghecklists on a GUI(Norman, 2013)

Confirmings, on the other hand, are things
actions (have been) accepted wit hKrippendgrfet s how
2006, p. 119A classic example of a confirmingisthepogpp i n emai |l that says

has been sento. Nor man woul(Nbrmanp2083) der t hi s a
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Di scontinuities, by contrast, exist Ain pa
di fferences i {rippehderif, 200¢pel2hHoringtancepan insulated handle to
a pan suggests that it is supposed to be used differently than the rest of the pan. This seems to be
highly similar to a concept of Krippendorffds
also similar to a Signiéir by Norman.

Correlates, on the other hand, are (by Kri
Nor ma n 6 Mappidge be eweh cites the stovetop burners example. Maps of Possibilities,
meanwhil e, are things that #Apresent the space
wi t h a n (Kappendofff,e2@06, p.D23ssentially, these are maps or instructions that lay
the groundwork for what the device is capable of, and what can be done with the device based on
what the user does. This is similar enoughtoMmanés Concept ual Mo del b
enough to fall under its own category. Norman characterizes a Conceptual Model as a knowledge
of how the product works, or at the very least, how the product behaves when certain things are
done to it.

Krippendorffés idea of Ma-fasngoda nBtussai bi |l ity
diagnosisfocused idea.

Error Messages are, as one might expect, v
and Normandés is actually more comprehensive t
tools that Aguide users al ong adltepthaadnartifaced pat
af f o (Kripbgendorff, 2006 p. 128 This seems almost identical to a Map of Possibility, and it
is; though with a big difference being thastructions are generally only read when problems

arise, a sentiment backed up by both Norman and Rasmussen.
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2.5.5.9Reliance

The final stage of Krippendorfoés model of
automatic, reliable, and routine sensory moto
relying on a Krippendorfff 2806 p. 13thRaanmussenovould undoubtedly call

this Skill-Based interaction, with perhaps overlap into RBéesed Interaction as well.

2.5.5.10Scenarios

An important note that Krippendorff makes about Reliance is the section on Scenarios. A
Scenari o, according to Kri ppemathneihtéracios a gr ap
sequences of what happened or what should happen in the life of an inbdKappendorff,
2006 p.133A basi c Scenario, in classic design educ
of useo (SOU) but the difference between a SO
not only the designer ds per cegetsinteractingwiththdri ng s,

product.

2.5.5.11Principles for Usability
Krippendorff (2006) lists out a number of guidelines for usability relating to products in

use.

1. Human Centdersedmedsshe artifact in terms of t
machines.

2. MeaningfulDdxitgen fiarctessr f aces t hat move from
interaction smoothly and stay at Reliance
3.Sec@Ondler Und-restigmdipmgpducts from the stanc

product from the usersb®o and the other sta
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4 Af fordances bnyakKer itphpeenm decarsfifl y r ecogni zabl e

5.Constraints -Onl Kriuppemndther ohes that are n

unnecessary ones.

6 . FeedbRltkul d be as direct, i mmediate, and st
7.Coher-&bhcéi ze metaphors, met orcyommsf,l iacntd nigc ows
communi cate the productds meaning.

8.Learnabediigry for what people know today, bt

9 . MultisensoriyHaRed dreccadrbcayc k happen with more

feedback arrives

l10Var i adiivdaresiistuy e arti facts match the vari

11Robustipmreesvsent as many Errors and Disruption

12Del egati omaldfowDestihgemr st akehol ders a share

2.5.6Meaning in Language
Moving on from the meaning of products in use, the meaning of artifaleisgnages a

different concept altogether. According to Krippendorff, the meaning of artifacts in language is

ecC

et

Amani fest in how artifacts énntwhichcateganestheyi cat i o

end up, which attributes they acquire, which user identhieg support, which emotional
expressions they evoke, and how their role
other people, creating a stakeholder commuinityother words, how artifacts appear in
| anguage, conver gKapgpendorf,2006mld) di scour se. 0

This may seem a bit strange and not something that appears directly related to the thesis

topic, but one aspect of this study of language is indeed relevant. This area has a very strong tie

n

in with Krippendorffds unde rapowarfuldaolioghelpiig Met ap
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users cope with new interfaces and new products. If a fundamentally new artifact can be
characterized or described to a user in terms that exist already in language, then a large portion of
the figuringout of the device can be complete before the userl@ys eyes on it. For instance,

the characterization of a medical device as a
Syst emo. I n this instance, the ideal/ meaning o
AlV Pol eo, anditchbe cwarrdaciteuvtiamas t he fact that
t hat nor mal I’ V poles do not. Meanwhil e, AFI ui
overly complicated way to communicate product
term & to be almost useless as a descriptive term. This is also an area of study that neither

Norman nor Rasmussen touch on.

2.5.7Meaning in the Lives of Artifacts and an Ecology of Artifacts
Two other areas of Product Semantics that Krippendorff details, Meaning in the Lives
and Ecology of artifacts, dive deeply into social and societal theory and are thus beyond the

focus of this thesis.

2.5.8Use Models in Product Semantics

Product Semantics tends to stray away from concrete usability models, with Krippendorf
himselfclaimingthati br ai ns are far more variabl e than coc
represent. Ordinary users have the capacity to handle many different and especially novel
artifacts by applying concepts t lKagpendooff ked i n
2006 p.89 I would disagree with this assertion, especially as it relates to Human Factors
Engi neer i ngo6s -malond;evhile, thé hurdam brairsis wadaly variable, it should be

possible to infer patterns based on an abundance of evidence, and suchgaitédnget
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research closer to the truth. Krippendorff (208pughthe lens of Product Semantics, does

however propose a model for Usability:

Designer’s Understanding

of | User’s Understanding

Meanings

invokes /' / :
/anticipate :(‘hulh'uyr'.\
ey Disruption
ko=~ Acti
=
Sense = anticipate Ctlons

Si.n <— Interface —» a

Artifact ‘S— Externalities

=

Internal dynamics

Figure 10: Krippendorff's Model of Use (Krippendorff, 2006)

The above model, much like Product Semantics itself, has meaning as its central tenet
instead of usability or decisiemaking. In this model, as described by Krippendorff (2006),
meaning is the start and end. Iltfactibfdiestheiser 6 s ¢
actions (note the lack of any mention of any decision making process) and causes them to
anticipate a Sense of what that action, as applied to the interface of the artifact, should do. A
disruption (as described abo#5.5.9,thenji n t hi s model , i s when the
and the sense as a result of the taken action do not align. A benefit of this model is that it
involves the designer; forcing the designer t
just the lteral structure of the product in isolation. This model finds meaning, rather than
execution of a task, to be the most important for usability; this is perhaps more descriptive of

A

what emotions the user feels when interacting with a product. Howevergkmigpo r f f 6 s mo d e
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does not consider any sort of decisioaking, which Human Factors does. It would make sense

to combine the two models to increase understanding of usability.

2.5.9Krippendorff as a Source
Krippendorffos text has several strengths an
His strengths include that he is the only source thus far to consider abstraction of ideas in
terms of language (Meaning in Language) and not just in terms of concepts. This opens several
avenues of design conceptiontheé r e n 6t acce Ksii plpenbefrdfé&s stro
contributions come in the form of some of his ideas and tools. Metonym and Disruptions are two
invaluable ideas in this thesis area that Norman and Rasmussen do not touch on at all. Since he
pulls much of his other research frdworman, e considers many of the other points Norman
does as well.
His limitations include the fact that his model of interaction, being primarily based on
|l anguage and philosophy, is not only not very
Rasmussends and Normandés model s arangfar stron
extends far beyond usability and model manipulation via language (Life cycles, Ecology of

artifacts, etc.) and thuawefar beyond this thesis area.

2.6 Semiotics

Semiotics is, at its most basic, a theory of signs for language, and was not originally
conceived for application to Industrial Design. The investigation here, then, will focus on the

founding principles of Semiotics, its early applicatiorirtdustrialDesign, and where the study

of Semiotics sits today.
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2.6.10rigins

Semiotics was originally conceived as an attempt to make a universal theory of signs, a
sort of universal way for all men of science to communicate. As originally conceived by Morris
(1946), who is one of the foundational writers in Semiotics, assumeal timersal language
for signs could be found and then used to communicate between fiaap@000) Instrumental
to the study of semiotics, even in its origin, was the processmiosispr the process in which

something functions as a sign.

2.6.2Applications to Industrial Design

Walter Schaer was an influential Industrial Designer who sought to apply Semiotics in an
actionable way to the practice of Industrial Design. He codified his application model in his
article inAuburn Design  ASD eg(8cbaer, 1970) Desi gn, i n Schaer6s Vi ¢
signrmaking science, which had an objective reality that could be found through a scientific
process. According to Schaer, a sign in Indus
somebody) for sontleing which is at the moment not a stimulus of this behavior {sign
designaturruser). Thus, a sign signifies something to somebody. For example, the red traffic
light is a sign of danger, which gives the driver the information to stop in order to avoid an
accident which is at t he (Sclmaerel870Ojhindefinitionhe cause
compared to the more modern terminologies already addressed; Affordances, Signifiers, and
Symbols by Rasmussen, is exceedingly vague in a modern context. This is primarily because
Schaer 6s model ( shown i nbet bomplateeholistic giesvoft i on was
design, not of specifically usability in design. Therefore, the model stretches beyond the scope of

this thesis. Schaerb6s view of the components

2.6.3Components of Semiotics
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When writing his theory of signs as applied to Industrial Design, Schaer considered the three
main components of Semiotics. A simplified explanation of his model is that every artifact has
three Afunctionso that mus t(.elhe interoal compbnergsaf, t he
the artifact) the AHuman Functiono (i .e. the
cul tur al needs, etc.) and the AProduction Fun

such as injection molding, e}¢Schaer, 1970)is model of design is pictured below.

Pragmatic Dim.

Man-Society

Design Process

Human Needs
es | ac | pp

Semantic Dim. Syntactic Dim.

PR=Product D=Direct Technical Function
HF=Human Function I=Indirect Technical Function
TF=Technical Function e-s—FEconomic-Social Needs
PF=Production Function a-c==Aesthetic-Cultural Needs
PP=Production Process p-p=Practical-Physiological Needs
TP=Technical Process pq=Price Quality

P—=Planning fq=Form Quality
M=Manufacturing eq=Efficiency Quality

Figure 11: Schaer's Semiotic Model of DesigSchaer, 1970)
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2.6.3.1Syntactics

Syntactics, according to Morrisd origina
relations of signs to one another in the abstraction from the relations of signs to objects or
i nt er gMogis, 8988pdl3). In other words, irrespective of what a sign effects or does in
the real world, syntactics is the study of how the signs relate to each other when they are in the
abstract; Consider the rules of letters relating to each other to form a word, or wandg rela
together with certain rules to form a sentence.

Schaer related syntactics to the technical function of Industrial Design by integrating it
into what he called the Atechnical function
the relation of an arti f alct o lfij(Soladérdl&Ohp ar t s,
viewed the parts of an artifact not only relating to each other on a perceptual level but also the
literal function of the internal components, as a study of syntactics. This definition seems to have
some contradictions within the modern conceptiosanhiotics. For instance, in what way is the
working of two internal gears that the user does not see a component oh@akigg activity?

Most importantly, however, is the question; whose perception of reality determines what signs,
objects, or parts amssociated with what? As has already been discussed, the ideas behind signs

are formulated in the mind of the user, and the designer may or may not have the correct idea

0

about the wuserdés conception of r elomSetomns, as
Order Understanding. As a ATechni cal Function
much be a AHuman Functiono part of Semiotics.
evident in Schaer s model . ondpgraucto aaatherthemor e t hii
simply the working components of a product (aesthetics, for one, social relations, for another;

both attributes that I|ive in the Human Functi
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processes (the Production Function) used in the making of the product could have an equal if not

greater effect than the relation of the components to themselves in the Syntactic Dimension.

2.6.3.2Semanticsby Semiotics

Semantics (Semiotics), according to Morris
with Product Semantics as explained by Krippe
designatum and to the obj ec {Morriswl938p.12) Thatisy may
the study of how a sign communicates itself about something else.

Schaer, meanwhile, envisioned Semantics as having to do with the Production Function
(i .e. the processes and methods used for manu
total planning and production process (the relation between signandthisi gni f i ed) 0 of
artifact(Schaer, 197(. 7).

The only way this application might be understandable is from a process perspective, that
is, the designer applying the sign in the planning and production process of the artifact, however,
this view would make it equally, if not more applicable, to thendn Function. After all, we

understand that the human in the loop is what makes the sign mean anything in the first place.

2.6.3.3Pragmatics

Pragmatics, according to Semiotic theory,
(Morris, 1938)This is the study of how users understand signs.

Schaer defines pragmatics as fthe relation
places Pragmatics within the Human Funct(@thaer, 19700.30 This definition offers an
indication of how users understand what signs are in front of them. Placing this branch in the

Human Functioomakesa great deal of sense. When determining and refining what constitutes
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the human functions of an artifact, it is important to know what signs need be applied to them.
That said, Schaer arguing that there was a fAc

pulling from Mori Dlgjectivist viewpoinon Semiotics.

2.6.4Modern Semiotics

Both Schaer6s and Morrisodo research is valu
semiotics have changed.

Most fundamental to this change in stance was a move from an objectivist view of
Semiotics (i.e. thereissomesei vi ne ficorrect o sign somewhere
through education is possible) to a radical subjectivist approach, where thhing$/that can
define a sign are users and society. Krippendorff agrees with this approach. In his idea of
SecondOrder Understanding; underlying this idea is the base fact that the user is the arbiter of
usability, not the designéKrippendorff, 2006) Norman agrees as well, with his ideas on
HumanCentered Desig{Norman, 2013)Rasmussen (1986) appears to agree as well; his
thoughtsomul es and behavio-hecbemangegenenatedninatdis
rules are generated-fc by the individual, there is a significant chance that each individual
will generate it their own way.

Knowing now that signs are relative to users and designers do not control them, every
argument that places the Technical and Produc
can be modified without sacrificing the underlying logic to place them iRltimean Function to
serve better and more effectively.

Another thing to reiterate | s-desigmprocesSc haer 6
model; to apply it to the study of humaantered usability alone, a study that largely came up

after Schaer 6s ti me, i s somewnwhald. akin to stic
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2.7The Gap

Through this research, the found thesis gap is as follows. The fields of Information
Processing, Industrial Design, Product Semantics and Semiotics have a great deal of overlap
between individual pairings of each other when it comes to usability, buisheyenodel
integrating these. Such a usability tool would be exceedingly helpful to design products where

usability is critical, such as in the medical domain.

2.7.1Key Findings

The key findings from this research are as follows:
l.lndustri al Design broadly speaking, as a
simplistic definition of #Alntuitive Desig
2.l nformation Processing has workable model
specifidramdndatbtan Product Semantics and
l'imits itself to -makesgrmotdebethanetai dec

accoamty mspects that Product Semantics ar

3.Product Semantics covers a |l arger |l anguag
precepts primarily from | anguage studies
while relevant, dowra&ti veeanr rpys ytchheo | woegii gchatl o f

4. The current understanding of Semiotics as

and needs to be updated to better reflect

2.7.2Conclusion

Since none of the existing frameworks consider all of the relevant information required when

designing for usability, it is necessary to study all of them together. Information Processing is
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built on, datadriven psychological research, but tends to treat humans like cogs in a machine
rather than independent actors. Industrial Design offers lot of product development experience,
but very little idea what it actually means to make productstiveu Product Semantics,

meanwhile, embraces the philosophical and social aspects of usability design, but fails to
consider the hard psychological research. It is necessary to study each in order to develop a
design tool to assist designers as they adessgbilityfocused products, such as medical

products, with insights from these fields of study.

Chapter 3 Design Tool

3.1lIntroduction
This tool is designed to do several things, each of which is handled by a specific tool.
This tool is designed to do all of the following:
1.Give designers a frame of reference bas
and interact with objects. (Model of I n
2.Extract existing behaviors patterns fro
behavior patterns that apply to product
(AAFFS Refinement Table, also in Append,]

3.Find the category (or Archetype) that t

including all the ways that it deviates
Archetype Tool, Evaluation Table, Al so i
4 Failing the previous, assist the design
unobtrusive as possible outside instruc
(OQutside I nstruction Table, also in App:
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5.Analyze the Sequence of Use as a whol e
the designer in correcting those probab
E)
The design tool for this thesis will be composed of six sections: first, a definitions list for
key terms to be used throughout the tool; second, an integrated model of product usage that will
assist the designer in extracting behavior patterns from piodlready in the world; third, a
worksheet that will allow the designer to keep track of their insights; fourth, a flowchart to help
the designer generate and refine the productd
in creating effectie instructions, and finally, a checklist that will help the designer catch any

potential errors in usability before final design.

3.1.1Tool Roadmap

Since the entirety of this design tool is made up of severaiogld, it is helpful to have
a roadmap of how the subols will interact with each other, as well as showing which tool leads

to which. The tool roadmap is as follows:
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START

Muaning in Archatype Teol

p——

Clarifies and defines meaning for svaluated

it in Pep-down abstracted lerms,
Referanced many limes thraeghout 1ol vse.

Analyzad Elements that must be
ovaluarod

Evaluation Takls

Evaluotes Comparison items for use in AAFS

Refinement Chart

Decision Making tadel

Provides a frame of reference for the
Designer

Elements whase
meaning must be
analyzsd

AAFS Refinement Table

Analyzad
Elements

Creates ideal 50U by pulling steps from
Observed products

Evaluated
Elements
Ouisids Inshruction Takls

Relios on mote gensralized 1eols 1o grapple
with farsign centrals

Sketching,/Pratotyping Phase 1

Build o rough idea of on inferface based upon
the insights fram tha ol so for.

Figure 12: Design Tool Path
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AAFS Saquance of Use Warkshael(s|
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insights learmed during fool use
Keeps track of Designer's place in tool use
The actual result of using the racls.
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Each of the components of the tool will be explained in the following sections.

3.2 Definitions

Since the literature in the Literature Review deals with many different but similar terms,
it IS necessary to create a standardized list of terms for use within the design tool. These terms
and definitions are adapted from the Literature Review.
i (Levels ofThAbbevabcttbat the user s conce
| evel abstraction is where the user is con
category or -lAewehletaylpset.r dcotwi on i s considerir

standpoi nt oorf necaotneproinaeln.t s

i iTAct iMont:i on(s), input(s), or other motor fun
I nterface (usually on an Affordance) in or
I i1 Affordaspeci fic part of the interface that
Location of affordances in an interface ar
arbitrarily moved, as Interfaces are conce
Acti om AMfnf oar dance results in the product pe

i VAr cheA ytpepe of Ment al Model that places t he

Products. (i.e. 1if the product is a device
category may be Coffee Makers). The i mage
cat egforggroducts or things, especially any r
instance, thhealrAscbhettgpal ofneanings associ at
driver, smaller than a truck, etc.

v.BehaviTtheaki nd of Expectations associated w
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viConst rPahiymstisccal , Semantic, Cultural, or Logi
suggest that certain Actions do not be tak
vi Devel opi nfh®rprdaduct that the designer i s

vi iDi.agrAami t er al depiction of an AAFFS, often

perform the Action as well as any Affordan
things such as movement arrows. May al so i
begher or | ower resolution depending on ho

i xDi sruptcans when the userés DWM detects a
expects and what the user perceives. This
di fferent Skill, Rule, or Model to handl e
and Modptsoas are ruled out.

Xx.Dynamic Wor |l d TMoed ealc t(i YWM)e:l ement of the sub
checks for inconsistencies between the Mod
Expectations, and attempts to find Rul es,
curreanskeySknl | sdelRsuldos ,nootr Wwor k or apply. A
understanding of the surroundings to tune

XiErr®@ccurs when a user performs an unnecess.

unperfor med. l ncludes two subtypes: Mi st ak
XxXi ExpectAbhionderstanding of an intended or e:
a Model , Skill, or Rul e. Every Skill, Rul e
associated with it. Has three | evels: Visc
|l evedls fweund in Normandés (2013) Action Cycl
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X i iFia.mi | iUsmiatlyiy said about how well a user kn
This can be anything from a user using it
seen it in passing, or never having seen i

X1 FWeedbTahcek :t ype of notification that the Proc

either in the process of doing or has done
Feedback does not necessarily have to be i
certaitmoomendaire met, when a problem occurs

amount of ti me.

xvlint erTfheece:art (s) of the artifact that are |

wi t h. Buttons, knobs, handles, screens, in
others all fall into this category.
XxvViMapp(Nmeg ur al YMappr mgfor how well a control

simplifi-edi andl wsbBlent al Model of how the p
a set of motorized seat controls are shape
with & phkbekahg seat controls would resul
seat moving. Controls are positioned relat
visually and positionally reéeéedvemPrediulce waywe
up .

XVviMent al Mo d el (ArUsempsyumModes Panding of ho
regardless of completeness or correctness.

XviMet onymart or a symbol taken to stand for

i nstance, a trash can icon stands for t he
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Xi ObservedTReodliound producto in the world t
AAFFfSsom t o generate the Developing Product
XxXXPercepheoability of the wuser to see, hear,
Signifiers, or other aspects about the Pro
noticed are heavily influenced by the Dyna
XXiProdllceé : system or device that the User i s |
ot herwise modified, this generally refers
xxiRefl elchd vkei:nd of Expectations associated wi
XXi RulPe:pattern of behavior that acts as dArul e
procedureo when certain conditions are met
computer when it is being glitchy.

XXiSYequenceA adfotlade :AAtFH-Blsagy t bt User woul d tak

interacting with the device, from initial
include all alternative paths such as when
similar situations.

XXVSi gniAf véesual cue, often integrated with an
User some or all of the following: where,
take place. Often especially needed when t
SKil , etc.) that | eads the User from the pr

XXVSKiA Iwekbhrned pattern of behavior that roll
i nstance, pedaling a bicycle.
XXxvlUselrhhe person (for the purposes of this the

responsi ble for the effective and safe ope
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XXviViisc@hal kind of Expectations associated wi"
These definitions will help the designer understand the three parts of the design tool: the

Integrated Model of Product Use, the AAFFS Refinement Table, and the Final Checklist.

3.3 TOOL.: Integrated Model of Product Use

The integrated Model of Product Use is designed to give the Designer a frame of
reference for how behavior patterns, disruptions, and interactions happen within the human

mind; this model is based on the models discussed in the Literature Review.

3.3.1Introduction

The integrated model of product use is a Mental Model for the Designer of how a User
makes decisions and interacts with the world. It is primarily an aid for the other two parts of the

Design Tool.

3.3.2Model

This model i's split up into two main graph
Memory, and the other dominated by Short Term Memory and the Dynamic World Model
(DWM). The DWM is what occasionally bridges the two islands, pulling Models, Rules, and

Skills from Long Term Memory in the second island to be used as needed.
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Figure 13: Integrated Model of Product Use

11¢

Perception

—

Action

Product




3.3.2.1The Processor

The second island, the one dominated by the D
repeatable mental flowchart, based on what input the user receives in terms of feedback (from
Perception) and the goals the user has.

The circular flowchart | ocated within the
Action Cycle as well as Rasmussends (1986) Sk
and serves largely the same purpose in the model. The steps in the flowchaa effecisely
the same as Normanés (2013) action cycle, but
Expectations) pulled from Long Term Memory ca
left (higher in level of abstraction) in the flowchart like Rasmeuss6 s S RK f r amewor k.

If a bridge is usable again and again in a situation (for instance, the skill associated with
pedaling a bicycle in a normal situation), then a simple loop is formed in the processor that does
not concern the higher levels at all. The loop runs along utitt@nscious thought, as

Rasmussen (1986) posited.
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Short-Term
Memory

Feedback (Reactive)

Compare Recognize Percieve
& - & - Sensory

Decide Interpret '

Perception

Goch Product

Plan
course of
action

Perform ﬁ
Skill for

Task Action

FeedForward (Predictive)

Figure 14: The Processor

An i mportant thing to note about each of
they are each associated with at least one Expectation of what is to happen when the bridge is
used. This expectation is then checked against Perception when thasatalen.

However, when the expectations of the wuse
does not align with what the user Perceives, the DWM notices that there is a mismatch between
what the user Expected and what they Perceived. This is called a Disrépbisruption alerts

the DWM and forces it to search Long Term Memory for an alternative Skill, Rule, or Model.
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3.3.2.2Long-Term Memory
Long Term Memory is the place where the memaories of past experiences lie, and are thus the
place where the Models, Rules, and Skills, as well as the associated Expectations live in the
mind.

When the DWM is forced to find an alternative Skill, Rule, or Model, it always takes the
path of least resistance, finding the lowlesiel usable bridge it can (Skill if possible, Rule and

Models only if no Skills apply) and attempts to apply it to tisé & hand.

Reflective Behavioral Visceral
Expectations Expectations Expectations

Models, Rules Skills
Prototypes

Long
Term
Memory

-

Figure 15: Long Term Memory

It will continue to do this until it finds something that works in the situation.

3.3.3Example of the Model at Work

The following is a walkhrough of how the Integrated Model works.
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Take, for instance, the hypothetical situation of a User riding a bicycle, which is a good

example of Skilled Behavior. Below is how the model would behave under that scenario:

Reflective
Expectations

Models,
Prototypes

\

Behavioral
Expectations

Rules

Visceral
Expectations

Skills

-

Recognize
&
Interpret

Specify
Rule for

Long
Term
Memory
-~ N\
Short-Term
Memory h
( Compere
&
Decide
Goals
Plan
course of
action
N
\ /)

Figure 16: Integrated Model in Use, Stage 1
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In this scenario, the Skill of riding a bicycle fits the normal Expectations of Perceptions
as the cycling proceeds as normal. This forms a loop within the model, between the Product (the
bicycle) and the Skitbased level of interaction. Uninterrupted, this loop will continue until the
user reaches the relevant Goal.

However, consider the situation of the bic
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The bicyclebs chain slipping off the bicyec
User6s Perception: the initial jolt of the <c¢ch
move, and the loss of acceleration. While the User is a novicetamtisloes not know what
exactly has just happened, it is obvious that something has gone wrong. Since these Perceptions
of reality do not match with the Skill déds Expe
Immediately, the DWM races to find a reason ashg this has occurred; first looking through
Skills and then Rules. In this instance, the User, a Novice Cyclist, thinks they have found a rule
that will solve the issue, using the gear shifter on the bicycle.

Then, the User attempts to use the Rule and finds that it does not work, causing yet

another Disruption:
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Figure 18: Integrated Model in Use, Stage
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In attempting to use this Rule, the User attempts to set up another behavioral loop
through the Ruldased level of interaction instead. However, the Actions taken (moving the
gear shifter) do not result in Expected Perceptions from reality. Therefare tegExpectations
and Perceptions do not match, another Disruption occurs and the behavioral loop is not formed.
This forces the retrieval aspect of the DWM to once again look for another applicable Skill,
Rule, or Model, and since, in this situatiorgan find none of the former two it must look to the
latter, the type of bridge that takes the most effort (and conscious control) to retrieve.
Il n this situation, the DWM then finds a Mo

and the User attempts to diagnose the problem:
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The User pulls over, sets their bike down, and uses the Model to try to solve the issue.
The User then recognizes the problem with the bicycle by comparing it to the Model of the
Bicycle and is able to formulate Actions to solve the problem (placingtia back on the
sprocket). As the User takes these Actions, they learn the beginnings of the Rules and Skills
needed to perform these Actions in the future with less conscious control needed.
As can be seen, this Integrated Model of Deciitaking models all levels of
Rasmussends (1986) SRK framework, Normands (2

(2006) interaction model in a cohesive and coherent whole.

3.4TOOL: The Action -Affordance-Function-FeedbackStep Sequence of Use Worksheet

(AAFFS SOU Worksheet)

3.4.1 Introduction

Before moving into the processional components of the design tool, it is important to
have a place to properly organize and track all of the insights learned from the proceeding tables.
This will be done with the AAFFS Sequence of Use Worksheet.

Since the next components of the design tool will involve manipulating the interface of
the developing product and the SOU of the developing product, it is necessary to have a place
where those things are kept track of. This is the proper role of the ABBRBEWorksheet. It is
a tool that, once filled out by the designer, allows them to keep track of precisely what is
happening in each step in the SOU for proper evaluation and decision making in the tool

components.
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3.4.2The Action-Affordance-Function-Feedback Step (AAFFS)

The most basic unit of the design tool is the Actidfordance FunctiorFeedbaciStep,

or AAFFS. A simple way to think of an AAFFS

important to note that every word in this term has a meaning, as the fdfFSAncludes all of

it:

1.Action: The AAFFS involves the User doi

the Product.

2 Affordance: The AAFFS involves the User

Product 6s I nterface.

3. Function: The AAFFS involves the Acti

|l east one Function that the Product
4 Feedback: the Function is either accompl.]
by the Product, and the Product provides

this has occurred or is occurring.

5.Step: The AAFFS is pl aAaAABFBswiatth |AeAaFsFtS so nee

before it, after it or bot h.

In this way, the term AAFFS includes all parts of the experience of interacting with a

product: the feeling of doing the Action, the shape, sight, etc. of the Affordance, the Expectation

of the Function, and the previous and subsequent cues in previonexrg&teps. These are the
items that the User must be familiar with, or at least understand, for usability to roll along

smoothly.

3.4.3Format

The AAFFS SOU Worksheet is set up as follows:

12¢
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AAFFS Sequence Of Use Worksheet

Developing Product Name:

Page #:

Step #:
Action(S):
Affordance(s):
Function(s):
Sketched Representation of AAFS
AAFS AAFS AAFS Outside Final Feedback:
or|Ref. Table Ref. Table Ref. Table Instr. Check
x A B C Table list
One of the above boxes MUSTbe checked (marked complete] to continue), MUST be checked
Step #:
Action(S):
Affordance(s):
Function(s):
Sketched Representation of AAFS
AAFS AAFS AAFS Outside Final Feedback:
or|| Ref. Table Ref. Table Ref. Table Instr. Check
bYe A B C Table list
One of the above boxes MUST be checked (marked complete) to continue). PAUST be checked
Step #:
Action(S):
Affordance(s):
Function(s):
Sketched Representation of AAFS
V| Aars AAFS AAFS Outside Final Feedback:
or|Ref. Table Ref. Table Ref. Table Instr. Check
%4 A B C Table list

Figure 20: The AAFFS Worksheet

One of the above boxes MUST be chedked (marked complete) to continue)

MRUET be checked
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3.4.4Parts of the Worksheet
3.4.4.1Heading

Since different products have different lengths of Sequence of Use and complexity of
Actions, the Worksheet is designed to be paired with many duplicates, such that the Designer
may have many Worksheets lined up to make a complete SOU for the DevelapmingtPr
Organization is accomplished with the heading. The designer may simply write what page in
what specific SOU that this Worksheet comprises, and keep things in order that way. Then, the

worksheet may be put with its others in a stack, or pinnedttaleosvall.

3.4.4.2AAFFS Descriptions

The bulk of the space on the paper is taken up by the AAFFS Descriptions, which not
only require a written description of the Action, Affordance, and Function, as well as a numerical
definition for the Step (step 1, step 5, etc.). It also requires a degpmesentation of the AAFFS
(something that a traditionally trained Industrial Designer should be able to accomplish), in order

to give the Designer a Mental Model of what the AAFFS entalils in its entirety.

3.4.4.3Tool Tracker

Under the drawn description of the AAFFS is the Tool Tracker. Since the proceeding
Design Tools are rather long and complicated and often have to be completed individually for
each AAFFS, the worksheet is equipped with a tool that allows the designepta kbecklist
of where they are in the tool by the wuse of
completed, the designer will place an appropriate mark in the corresponding box to mark that

AAFFS is complete for that tool.
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3.5TOOL: Action -Affordance-Function-Step RefinementTable

The first processional component of the design tool of this thesis is a repeatable
flowchart, called the ActioffordanceFunctionrStep Refinement Table, or AAFFS
Refinement Table. This table looks at products that are already familiar to the User é@bserv

Products) and maps their behavior patterns onto the Developing Product.

3.5.1What the AAFFS Refinement Table does

After completing this table, the Designer will have a Sequence of Use for the Developing
product that has pulled behavior patterns and design cues from Observed Product as much as
possible, and will single out the steps in the SOU that need further eimteaiad evaluation

with the Outside Instruction Table.

3.5.20verall Structure

The AAFFS Refinement Table is assisted by two tools: the Meaning in Archetype Tool
and the Evaluation Table. They are supplementary tools that are completed multiple times with
different inputs throughout the completion of the AAFFS Refinement Table. Wilidye
discussed when they become relevant in the discussion of the AAFFS Refinement Table.

The Main Tabl e i n t hvappidgeMSAFRSsiront @beervedw i | | [
Products or systems that the user is familiar with onto the Developing ProductM&hpimg
the AAFFS from the Observed Product must map identically or almost identically in order for

Mappingto function properly.

3.5.3Breakdown

The AAFFS Refinement Table is a repeatable flowchart that can be looped back upon as

many times as needed in order to gain a properly refined AAFFS Sequence of Use. The primary
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purpose of this table is to extract existing rules, skills, and models from workflows of Observed
Products in order that they may be applied to the Developing Product.

Thi s t oolabgaswh &8 e Raedemassends (1986) thought
Krippendorffés (2006) ideas on Metaphor, both
taking rules from a different but known situation and applying them to a current situation.

Instead of trying to finéffective ways to communicate a new idea, this tool takes advantage of
these two concepts with the idea of: The best way to teach someone is to not have to teach them,
or, have them use something they already know.

Since this thesis is angled towards novel products with additional functionality, it is
unlikely that the Developing Product will map every single AAFFS to a single Observed
Product. Therefore, the tabl e canterbseanbepeat ed
used to pulAAFFSsfrom in order to ensure the workflow is entirely understandable to the user.

A key part of this tool is the fact that these skills, rules, and models are not actually
present in th®©bserved Productdut that they exist in the minds of theer. They are only
mapped from onproductto another because the interface of the Observed Product is known to
the user. A product may already exist that maps a la¢iSsfor the Developing Product, but
if the User is not aware of, or has not interacted with the Observed Product, it will not assist in
the designing of the Developing Produudr should it be used in the designing of the
Developing Product. This is, at its core, still USantered Design.

Each time the table is used, a Subject will be chosen. This is the part or whole of the
Developing Product that is undergoing evaluation on the table. Every time a Subject is chosen in
the table, the user will choose from one of three letters that conespohe identity of the

subject in the table. This letter is chosen in step one on the table. When faced with later steps in

12¢



the table that also require choice of letter, the designer must choose that letter for the remainder
of the Subjectds path through the tool

For this whole table, (and all proceeding tables) the Designer will use the AAFFS SOU
worksheet to catalogue and document the insights found by the tools for later in the process.

The Main Table is set up as follows:
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Start

Y

Create SOU of
Developing Product

AAFS Refinement Chart

This table is infended to deal with the vast majority of usability issues in the SCU by
way of faking advantage of existing procedures and SOU's, or by transferring
rules from other system categories. This will primarily be done by finding
“Comparison ltems” to draw rules, sequences of use, and procedures from. These
“Comparison ltems” will be evaluated and compared to the “Subject” (the
Designed Product or aspects thereof} in order to pull rules and SOU’s from. This
table uses 2 external tools: the Meaning in Archetype tool, and the Evaluation
Table. You will have to use these tools several times in the use of this fable.

This table requires at least a sketch or a rough prototype (an intended design) of
the Product interface to function propetly.

The Subjedt is the
whole SOU of the
Developing Product

True

Generate
Successful
Comparison liems

<

False The Subject is
several AAFFS

grouped together

True

Generate
Successful

Comparison ltems

Map AAFFS's from

Comparison ltem to

Subject

Identify
incomplete
AAFFS's

Y

Unresolved AAFFS's

Please note that when flowchart instructions refer to the “Subject” or “Comparison
Item”, that means it is referring to the CURRENTLY USED Subject or Comparison
ltem for the current use of the table. You may have several Subjects and
Comparison ltems throughtout several uses of this tool.

If at any point using this table you happen to

False mark ALL AAFS's in the Designed Product’s
Sequence of Use “Complete,” stop using the
table and move immediately to the Final

Generate Checklist.
Successful

Comparison ltems

Make Incomplete

have been through the —’—

table once already

True

Take Incomplete
AAFFS fo Outside
Instruction Table

Finish

AAFFS's the
Subiject of next
table use.

Figure 21: The AAFFS Refinement Table
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3.5.4Using the AAFFS Refinement Table

Use of themain table is a cyclical process, where a Subject is processed through the table, and
AAFFSsi n its Sequence of Use (SOU) are procedur :
mapped to existing, us&known products and systems) until AAFFSsin the SOU are

accounted for.

3.5.4.1Create SOU of Developing Product

The first thing the Designer will do is generate a SOU for the Developing Product on the
AAFFS Worksheet, including describing all parts of &fFFSsin the SOU (Action,

Affordance, etc.) and completing a rough sketch (or a photo of the Designer interacting with a
rough model) of how the AAFFS is done in rsphce. This will give the designer a baseline for
the rest of the tool.

When completing this step, the Designer should resist the urge to combine several small
steps of the SOU into one or sever aMFASar ge fc
in the SOU be as broken downamsnpletely agpossible for the tool to work properly later.

Additionally, when developing theAFFSsof an SOU, the Designer should be
considering the Product and only the Product. Peripherals (consumables, disposables, etc.)

should only be considered right as they meet or must be installed in the Product itself.

3.5.4.2Determining a Subject

The thing being evaluated in the use of the Main table is called the Subject. The Subject
is always an AAFFS or a Group AAFFSs and will be allAAFFSsin a SOU the first time it is
placed in the table. Since the table is repeatable, the Subject will be different every time the table

is used. For the first use of the table, the Subject will always be the complete SOU of the
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Devel oping Product (thus, the answer to deci s

case).

3.5.4.3Generating Comparison Items
Regardless of what the subject ends up being for the use of the table, the Designer will
have to generate a Comparison Item. This Comparison Item is effectively a product that is
already out in the world (an Observed Product) that the User is alreadyakelgsiamiliar with.
This Comparison Item is that which the AAFFS Refinement table draws behavior patterns from.
The best way to find a Comparison item is to find the item that is closest to the Subject
(whether the Subject be the whole SOU or a subtask in that SOU) in terms of Meaning. This
begs the question, of course; if the designer is looking to find the losasing Observed
product, what is the Developing Productds mea

a supplementary tool that assists in this; it is called the Meaning in Archetype Tool.

3.5.4.4TOOL: The Meaning in Archetype Tool

The first supplementary tool to be used in the Main Table is the Meaning in Archetype
Tool. This tool is designed to assist the designer in thinking about the thing being evaluated in
terms of high levels of abstraction (to put it in Rasmussen Termsg dehaning of the Product
in Language (to put it in Krippendorff terms), rather than system components and manufacturing
processes (which is a chronic problem during the design process). It places the product in terms

of its conceptual category.
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Meaning in Archetype Tool

This tool is a thinking tool designed to remove the designer from the world of technical constraints, manufacturing
processes, and costing, and place them in the mindset of how the User conceptualizes and categorizes the product in their
mind, based on the User’s knowledge and only the User’s knowledge; that is, it seeks to find the product’s Archetype. It
asks the question “what does this product mean to the User2” The words found in this tool will be used in other design tools.

H .F n
or
Adjective describing most Base Noun (in the most consise, Procedure describing or naming
fundamental innovation or user-familiar terminology possible) the job that the product is
features in the product in the most describing the archetype or supposed to do (Angioplasty,
concise way possible (networked, category of the machine (Pump, Sterilization, Post-Surgical
smart, autonomous, etc.) Syringe, Yacuum, etc.), or a few words Cleanup, efc.).
describing the basic function of the
device if there is no precedent (e.g.
“ribcage spreader”)
Alerts user that this product may Shapes expectations of base form Shapes expectations of Context
have differences in various or silhouette, as well as and Sequence of use
places (form, function, Sequence Top-Down function and
of Use, efc.) and shapes Sequence of Use

expectations of what ways the
changes may be implemented

\| \ y

Meaning in Archetype

NOTE:

Itis important that the Meaning in Archetype phrase be kept as short (as few words) as pessible. Since users only have a
limited capacity in short-term memory (5 items, practical maximum), bombarding the user with many or long words will only
serve to confuse them, Words that are familiar to the User and packed with meaning should be prioritized for word choice
in this tool.

Figure 22 The Meaning in Archetype Tool
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The Meaning in Archetype Tool has three components: the Base Noun, the Adjective,

and the Procedure.

1. The Base Noun is the most basic concept
stripped of innovations, extra features
2. The Adjective describes the innovation(
the prototypical Base Noun.

3.The Procedure is the task or work that

the purposes of this thesis, this wusual

Each of these terms are abstractions of the thing itself and serve to assist the designer in
better understanding the Subject fromadop wn abstracted AMeaningo. 1
table are then taken out and used at various points in the Main Talskkdbin its usage.

The idea of this tool is heavily based on
and Prototypicality. The Adjective involves Dimensions and Features, and the Base Noun
involves the Prototypicality. Archetype is perhaps a better root than Prototiipe case, ahw
word introducesinguistic confusion with the common design term of the same word that
commonly means mockup or early gmeduction model of a design. However, missing from
these terms is the idea of context; after all, according $onRssen (1986), the Dynamic World
Model is influenced by the context that the user is in. A user will recognize certain things in a
certain context and not recognize things in another. Therefore, for Recognizing a given object, in

the manner that Krippendb (2006) explains, context is a crucial missing component here.
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3.5.4.5Using the Meaning in Archetype tool to find Comparison Items
After the Designer has found a Meaning in Archetype for the Subject, the Designer must
then use those ideas to research and find satisfactory Observed Products. However, depending on
the current Subject (and therefore the results to the first two dedisimonds in the flowchart)
the Designer will have slightly different tasks to do.
a.lf the Designer answered fitruedo to Deci si
| f the Designer answered "Trueo to Decisio
Observed Product that b 8asdNo@no geserate h @mpaesore | opi n
ltem.
b.lf the Designer answered Atrueodo to Deci si
| f the Designer answered "Trueo to Decisio
| east two Observed Products: @aseNoudnddonethad st f i
best fits theProcedureto generate Comparison Iltems.
c.lf the Designer answered fAfalsed to Deci s
| f the Designer answered "Trueodo to Decisio
| east two Observed Products: @aseNoudnddnethad st f i

best fits theProcedureto generate Comparison Iltems.

3.5.4.6TOOL: The Evaluation Table

After the Designer has generated one or more Comparison Items that are reasonably close
to the Subject, the Designer must then evaluate how close the Comparison Item and the Subject
are in terms of Meaning. This means that the Meaning in Archetype Tobhfeade used on
the Comparison Item(s) as well. Once that has been completed, the two Meanings in Archetype

are evaluated on an additional supplementary tool called the Evaluation Table.
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The Evaluation Table is a tool for evaluating the Comparison Item in relation to the

current Subject, ensuring that the Comparison Item is a valid corollary to the Subject in terms of

Meaning in Archetype.

The Evaluation Table speaks to the same areas of research that the Meaning in Archetype

tool does; however, instead of naming the conceptual components of a Subject or a Comparison

|l tem, the Evalwuation Tabl e i s «enseptgaiyed t o eva
speaking.

It does this by evaluating the Comparison Item in four dimensions in relation to the
Subject: Meaning in Archetype (so the Meaning in Archetype tool must be used here again),
Affordance/Action SOU, and Familiarity.

1.Meaning in Archetype: Each word of he
Comparison Item is evaluated in terms o
for the Subject.

2 Affordance/ Action SOU: Each AAFFS of th
compared with the SOU of the Subject. I
the same (or can easily be made the sam
high. Keep iemr rfmiAnAdF FtSh atn ctlhued ets t he t er ms
AFFORDANCE, FUNCTI ON, and STEP, al |l of
map properly. For instance, i f a user p

|l tembs and the Subjectds SOU (Aet bontan

does is different (Function mismatch),
. Familiarity: Ewawnmnatbéde KKCowmpwellson | tem
User. A relatively unknown item shoul d
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should score well; an entirely unknown
di squalification of the Comparison I tem

The Evaluation Table is designed as follows:
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Evaluation Table

This table is intended to compare Comparison ltems and Subjects generated from the AAFS Refinement Table and give,

through qualitative evaluation turned into numerical scoring, a positive yes or no answer as to whether the Comparison Item is

satisfactory for the Subject.

Evaluated Dimension

Numerical Evaluation
Evaluate each evaluated dimension on the denoted numerical scale, higher numbers
being stronger and better and lower/negative numbers meaning weaker and worse.

1. Meaning in Archetype:
How similar is the Subject to

the Comparison ltem in terms of
Meaning in Archetype? Compare
all three words of each device.

If the table that sent you here
told you to only score one word,
ignore the other words and do
not evaluate them.

Adjective:

Same, +1pt. Similar, +1pt. Dissimilar, +Opt.

Base Noun:

Same, +4pt. Similar, +3pt. Dissimilar, -5pt

Procedure:

Same, +2pt. Similar (or Domestic Product), +Opt. Dissimilar, -2pt

2: Affordance/Action SOU:
How many SOU steps, including
similar Actions and Affordances,
does the Comparison Item seem
to share with the Subject?

(if evaluating a single AAFFS as
the Subject, score this column as
how similar the Subject's AAFFS
is to any one of the Comparison
Item’s; +3 being “Almost
Identical”, and -3 being “fotally
foreign.”)

+3: The designed product has almost all similar steps in order in the SOU to the existing
product.

+2: The designed product has a few steps that are unfamiliar or out of order.

+1: The designed product has several steps that are unfamiliar or out of order.

+0: About half of the designed product’s SOU is unlike the existing product's.

-1: Significantly over half of the designed product's SOU is unlike the existing product's.
-2: A vast majority of the designed product’s steps are unlike that of the existing product’s.
-3: The designed product’s SOU only has has 1 or 2 steps that are similar or the same.

3: Familiarity

How well-known does the
intfended user of the Designed
Product know the Comparison
lfem?

+6: Very Well, uses it basically every day in the context of the Designed Product’s
intended use {see Designed Product’s Meaning in Archetype)

+4:Uses it commonly, but oulside of the Designed Product’s intended use area (or as a
domestic product)

+2: Uses it semi-regularly

+1: Uses it infregently

-2: Has seen it used

-3: Has seen it

-100 {automatic failure): Has never seen it; completely foreign

When this table has been completed, return to the most recent step in the AAFS Refinement Table and resume using it.

Figure 23 The Evaluation Table
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3.5.4.7Scoring on the Evaluation Table
When a Subject and a Comparison Item have been processed through the Evaluation Table, the
scores added up, positive and negative, will produce a sum. This sum is the Result of the
Evaluation Table. Depending on how high or low this value is, the Compatéso will either
Succeed or Fail on the Evaluation Table. If the Comparison item Fails, it is eliminated; if it
Succeeds, then it has been successfully evaluated and the designer will take it to the next process
in the Flowchart. The Succeed/Fail valaes shown below.
d.If the Designer answered fitruedo to Deci si
A passing value is at least 10.
e.lf the Designer answered fitruedo to Deci si
A passing value is at least 5.
f.l1f the Designer answered fiFalseo to Deci s

A passing value is at least 5.

3.5.4.8After Evaluation

After the Evaluation Table is completed, the Designer will eliminate all Comparison
Items that failed to meet the minimum sum values and move forward with the one that scored the
highest. If several resulted in an identical score, the Designer should¢bausve forward
with the one that makes the most sense within the context of the rest of the project.

As an unlikely, but possible, extenuating circumstance, If the Designer has tried every
possible Comparison Item (including going back to research more products, even outside of the
Medical fields) and every Comparison Item candidate fails when procegsleel Bvaluation
Table, then the Designer must markAMFFSsin the Subject as Incomplete and skip to the step

titled Al deAAFFSRY. | ncompl et e
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3.5.4.9Map AAFFSSfrom Comparison Item to Subject

Once a successful Comparison |Item has been
a SOU for that Comparison Item on an additional set of AAFFS Worksheets (oftentimes, the
graphics for which can simply be taken from an online user manual). Thensiheaitean
beginMappingthe AAFFSs

The wagppiogh WBARESSsis simple: the Designer will look at both the
AAFFSsfrom the Comparison Item and the Subject and will begin takingAkd=Ssfrom the
Comparison Item and associating them withAl¢-FSsin the Subject. In this way, the
behavior patterns and processes are extracted from the Comparison Item and applied to the
Subject. This process is done in several steps:

1 . Mappingterms of Action, Affordance, and Fu

The strongest way an AAFFS can map is in terms of all three relevant areas: Action,
Affordance, and Function. This is considered an Exact Match, and often no redesigning is
needed here (ensure that the Affordances are in the same places). If at |@aSEBR8sin order
match from the Comparison Item in these terms onto the Subject, then marRAkIs8son
the Subject as Complete.

2. Mappingterms of Function Only

The second strongest way an AAFFS can map is in terms of only function. In this case,
there are mapped operations on the Subject that perform an extremely similar or identical
Function as one on the Comparison Item, but are different in terms of Affordestm, or
both. I n this case, the DesiAgKF8stomaichshe r edesi g
Comparison Itemsdé. | f this is not possible be

etc.), then the Designer marks the releveEFSsasincomplete.
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3.5.4.10identify Incomplete AAFFSs

After around oMapping t he Designer wil |l have the Sub
marked complete; however, there are still likRKkFFSson the Worksheet marked Incomplete
(if the AAFFS Worksheet ever has AINFFSsmarked Complete, proceed immediately to the
Final Checklist). Depending on how these Incompled&FSsresult in the SOU, different
actions must be taken by the Designer.

1.1 f AMAlFeF&se a Grouped Set (at |l east 2 in ol

If the AAFFSsare a Grouped Set, the Designer must attempt to break that group into
smaller subtask(s). This is a conceptual exercise. The Designer must ask themselves: is there
any smaller group oAAFFSsin this grouped set that can be considered its own task (i.e.

Asetti mog, ufipi ntshgea | leitcg ) t?h e

If there is a way to do this, the Designer must break the Grouped Set up into those
Subtask(s) and bring it to the beginning of the AAFFS Refinement Table, starting with Decision
Diamond 1, with the grouped subtask as the Subject. The Designer will thiérerentire Table
again, with this grouped subtask as the Subject. If the group cannot be broken down any more
than it already is, then t hen AAHRFr®sasdnesnplggener s h
and take them to the Outside Instruction Table.

If the grouped set has already been evaluated by the AAFFS Refinement Table once and
doing so did not Complete any of the grouped
AAFFSsas Incomplete and take the group to the Outside Interaction Table.

2.1 f AAFeF&se | sol ated (1 AAFFS not adjacent

If the AAFFS is Isolated, then they are to be taken to the beginning of the AAFFS

Refinement Table and considered the Subject for thathmaugh of the table. If the AAFFS has
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already been processed through the AAFFS Refinement table once already unsuccessfully, then

it is to be marked incomplete and taken to the Outside Instruction Table.

3.6 TOOL: The Outside Instruction Table

In designing and refinin@AFFSs it may come to the case that an AAFFS in the
Developing Product either is foreign enough that it cannot map to any Observed Products or is
technically constrained enough that it cannot be redesigned in a familiadalSslike this
wi || be consistently marked fAincompleted by t
on the Outside Instruction Table for designing th®aEFSs
The Outside Instruction Table is a table that relies on graphics, decals, icons, and
diagrams to communicate the AAFFS to the user. This method is space, time, and+esource
intensive on the side of the product and often causes more confusion in thensettvhen
the user has existing rules and skills (as th
Expectations of the Interface). Therefore, it should only be used when the Main Table is
i nadequate at refiniAMEFSE he Devel oping Product
The reasoning for this structure is simple. Rasmussen (1986) tells us that Imagery in the
mind is perceived in terms of Layouts, not as images in the mind. Therefore, any elements that
do not absolutely have to be in the Layout (including unnecessaragtiagare likely to only
cause confusion in the user. In addition, both Rasmussen (1986) and Norman (2013) point out
that users will always default to Skill and RiBased processing before attempting to read a
diagram or other graphic at the Modédsed (KhowledgeBased) level. Diagrams are not the
only way to communicate unknown function; Krippendorff (2006) offers the tool of Metonym

which is a preferable option in the table.
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The Outside Instruction Table is less formulaic than the Main Table, as it grapples with
more abstract and unknowdAFFSs However, it has three primary ways of dealing with
unresolvedAAFFSs Metonym, Constraints, and Diagrams. As many as needed, but as few as
possible, should be used from the following:
1. Metonym: A part taken to stand for a wh
instruction is most useful when an icon
Met onym i s a garbage can icon on a comp
del eti on.
2.Constraints: Things that prevent <certai
Physical, Semantic, or Logical. When th
Constraints are key.
3.Diagrams: Graphics, icons, or instruct:.i
position that can be effectively read d
Depending on the complexity of the AAFF
detail ed. Foa I|soewsipl etaoni dnagram compos
shapes may be sufficient. For more comp
of the AAFFS with text explaining each
For this whole table, (and all proceeding tables) the Designer will use the AAFFS SOU

worksheet to catalogue and document the insights found by the tools for later in the process.

3.6.1What the Outside Instruction Table does

After completing the Outside Instruction Table, the Designer will have design insights for
partial redesign and creation of supporting elements in the design of the interface of the product,

for the steps of the SOU that were not successfully evaluatée BYAFFS Refinement Table.
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Figure 24: The Outside Instruction Table

3.6.2Using the Outside Instruction Table

14¢

OUTSIDE INSTRUCTION TABLE

This fable is to grapple with AAFS or Sets
of AAFS that mapped to neither existing
products, nor had other systems or rules
that could be used 1o transfer by way of
Metaphor. The AAFS in question is foreign
enough (or is restricted enough in terms of
technical constraints) that it must rely on
extenal instruction in order to be usable
and functional.

This table is significantly less rigid than the
AAFS Refinement Table, and thus requires
significantly more of the Designer’s
sensibility fo ensure it is used properly. If
this table recommends something but it is
obviously the wrong choice, the Designer
should trust their intuition .



3.6.2.1Apply Physical Constraints

In this step, the Designer should prevent the AAFFS from being completed in an
erroneous way by ensuring that the Affordance physically cannot be done. For instance, if a lever
will cause damage to the machine if the lever is pushed too far, the levier sbginysically

constrained (mechanical stop, etc.) from going that far.

3.6.2.2Semantic Constraints
There are two main types of Semantic Constraints; Metonym and Diagram (as these are
the things that I|iterally tell the wuser Athis
used in different situations. If the most unclear thing in the AAFF®Wsto do something.e.
install a certain number of physical items in a certain way) then Diagram is the best option. If the
most unclear thing in the AAFFSwghat an Action will ddi.e. | know | need to press this
button, but what will happen when | BJothen the best option is Metonym. If both are unclear,
use a combination of the two.
a.Di agram
A Diagram is a fairly easy, but spairgensive instructional option to apply to a Product,
depending on the | evel of detaill needed to fu
the task. A wellmade Diagram should be:
1.0riented in a place where the User can se
perform the relevant Action.
2.Composed with enough det ail that the User
Actions without Errors.
3. Abstract enough that it does not confuse

4 . Limited in the amount of supporting text
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A Diagram may be representative of one or several steps in the task, depending on how
long the SOU needs to be supported by the Diagram.

b.Met onym

Metonym is usually expressed in terms of an icon, or a Metonymic Icon. As Metonym is
less literal than a Diagram, it involves the usage of some external tools.

The first thing that the Designer must do for Metonym is to find the Procedure of the
Subject with a usage of the Meaning in Archetype tool.

When the Procedure has been found, consider the most basic idea of that Procedure
(throwing away, saving, locking, sending, etc.), in or out of Context. Is there an external system,
mechanism, or standard that does this basic idea (i.e. the Garbage iSyssstem for
At hrowing awayo)? 1t is |likely that the Desig
Designer should use their best judgement for which option communicates the idea best in all
dimensions in the context of the Developing Prodiise Designer should then apply the
resulting metonymic icon to a place where the User can see it clearly during the relevant stage in
the Productdés wusage.

If there is no symbol or metonymic icon that can stand for what the Procedure is, then the
Designer should place text that deandiar,jaides wha

concise manner as possible.

3.6.2.3Logical Constraints
After applying Metonym and/or Diagram, Design the interface in such a manner that, by
use of Process of Elimination, the User has only one possible spot and way where the AAFS can

take place at its point in the SOU.
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3.6.3.4Feedback

Ensure that the product gives feedback to the user that the AAFS has been completed

properly.

3.7 Prototyping Round 1

Upon completing the AAFFS Refinement Table and the Outside Instruction Table, the
Designer will have the following results:
1.A Meaning in Archetype for the Developing |
use of the Main Table) that can be used f o
2.An evaluated SOU along with associated twe
Product s Affordances.
At this point, the Designer should generateytiple sketches and possibly a lesolution
prototype (foamcore or similar) of the Developing Product, having learned everything from the

tool. After this, the Designer will then proceed to the Final Checklist.

3.8 TOOL: Final Checklist

The Final Checklist is a last evaluation of all of &&FFSsin the SOU of the
Developing ProductThis checklist islesigned primarily to catch probable Errors before they
occur.At the end of this tool, the designer will have an eresistant SOU that can be taken into
the rest of the Industrial Design process.
This checklist should be completed with the SOU, the sketch, and thredolution prototype in

front of them.
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The evidencdased reasoning for this tool is sekplanatoryi avoid Errors, by any
means necessary. Krippendorff (2006), Rasmussen (1986) and Norman (2013) all speak to this,
and all authors have been canvassed for classifications of errors.

The Final Checklist is a series of Checks that the designer will complete one after the
other. All of these have flowcharts of varying length associated with them; any detail not

contained in the flowchart is explained in the accompanying text.

3.8.1New-Pattern Signifier Check

New-Pattern Signifier Check:

Start
New-Pattern

Signifier Check

There is a clear indicator -
showing the end of one Add Signifier at

False !
pattern and starfing the Behavior break 4’—

* other. Proceed to Mapping
S Check

h 4

Find Breaks

between

existing
behavior A True
Patterns

v

Figure 25: Final Checklist, New-Pattern Signifier Check

The NewPattern Signifier Check is designed to catch instances in the SOU where one
existing behavior pattern ends and a new one begins. In the instances where this happens, there is
no existing Abridgeo in the Usadtiewthemsothd bet we
Interface must provide a Signifier that it is time to swap behaviors. The Designer should find
these instances in the SOU. Unless there is an end of-&nve&lih procedure at that break point
or Logical Constraints that obviously shtive next step, the Interface should be equipped with

Signifiers, preferably Signifiers that come active only when the behavior change is needed.

3.8.2Mapping Check
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Mapping Check:

Several behavior
Start

: patterns dictate False
Mapping Check ' placement of different '
controls in same spot Use the |
se the newly

Existing Inferface.  Folse [IGESESS m?::f::::zi ;*:e'o designed interface.
+ e wilory i -’_ e focoult + understand than the +
Natural Mapping Good Natural ik True
Mapping
Determine
Control False |
Dominance v
Retain the old

interface.

+ True
|

Make the relevant
changes to the AAFS
worksheet.

Proceed to
Capture Slip
Check

v
A 4

Figure 26: Final Checklist, Mapping Check

TheMappingCheck is designed to ensure that if there are several controls that influence
several different functions, the controls are oriented in such a way on the Interface that they map
naturally.

The first thing to check is if several behavior patterns from the AAFFS Refinement Table
dictate whether several behavior patterns dictate a certain position of a part of an Interface (i.e.
two behavior patterns say there needs to be a knob in the batdrhand corner). If they do,
the Designer should determine which must be dominant, considering relevant factors such as
frequency of use, familiarity of behavior patterns, and which controls are used under stress rather
than during a lowstress setup,dn make t he others | ess important
Dominanceodo). This can be done through control
Designer should not drastically change control location unless absolutely necessary.

If there are no Control Dominance problems, the question becomes whether the Interface,

as it stands, exhibits godtatural MappingIf the Interface does exhiltatural Mappingthe
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Designer should proceed to the next Check in the Final Checklist. Since the new SOU of the
Devel oping Product is essent iAAHFSsytisamireha mal g a ma
possible that they do not exhibit goNdtural Mapping | f t he i nterface does
Natural Mappingthe Designer should generate one that does. The Designer should then

compare the two interfaces and make a judgement about which is easier to understand. If the new
one is better, then this Interface should be useapplied to all of its instances on the AAFFS
Worksheet. If it is not, then the old Interface should be retained. After this, the Designer should

proceed to the next Check in the list.

3.8.3Capture Slip Check
Capture Slip Check:

Consider
AAFFS's There are no Redesign

Fal
|_F Sequentially 4}— AAFFSf’s thids ciE be —’ = } AAFFS to
confused with. break

Confusion

Proceed to
Description-Similarity

Start True
Slip Check

Capture Slip Check
V'

Make the relevant
changes to the AAFS
This is the last worksheet.
1 AAFFS in the SOU 4

False

True ‘}—

Figure 27: Final Checklist, Capture Slip Check

The Capture Slip Check is for when there are several disconnected behavior patterns, in
or out of the Developing Product, that are similar enough to have one behavior pattern override
the correct one in unconscious behavior, and primarily has to do wethngnthings, such as

numbers, counting, or codes.
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The fix for this, of course, is to go through the SOU of the Developing Product AAFFS
by AAFFS and find if there are any simildAAFFSsthat have the same Action and Affordance,
but a different Function that would lead to error. If thereAdkEFSsthat are similar enough to
another behavior pattern, they should be redesigned. The Designer should ensure that there is at
least one (preferably as many as possible) designed dimension that the current AAFFS differs
from the other AAFFS. For instancetliie ActionAffordance that will likely cause confusion is
Aturning a knobo, ensure that the knob for t
or some other relevant dimension, but do not change the location of the Affordance unless
absolt el y necessary. I't i s Iimportant that it i

NOT performing the other Action.

3.8.4Description-Similarity Slip Check
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Description-Similarity Slip Check:

Start
Description-Similarity
Slip Check

False

b
Y | '
A : True o rT:e
ere are similar Affordances
Affordances on ’ are llemsina Redesign the
Interface Series Affordances to
prevent
e confusion
False Flowchart Portal 3
Mismaich is gk
Proceed to Familiar 'S ibl
possible
Rule Takeover Check
Tue W Make the relevant
changes to the AAFS
Flowchart Portal 3 kshest.
There are more Mismatch is False
Similar Affordances e Froblematic
on the Interface
False
Tve W Flowchart Portal 3
Tue
Flowchaft Portal 3 Physical True Ap|?|y The items are
Censiraints can + Physlcgl _b— sfill confusing
be applied Consiraints
False
Flowchart Portal 3 False
True P The items are P True
N serially Signified N
v
"FCI'SE
Flowchart Portal 3
. Make the relevant
Serially
Signify the P changes o the AAFS
b | worksheet.

ltems in Series

Figure 28: Final Checklist, Description-Similarity Slip Check
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DescriptionSimilarity Slips are simple in concept, but difficult to root out. Description
Similarity Slips occur when there are multiple similar (often identical) Affordances on the
Interface so that the User unintentionally uses one when attempting tieusther. The cure to
this, then, is to ensure that, through variou

The Designer should refer to their sketches of the Interface anchstigerthere are any
similar Affordances on the Interface that have a similar shape that are in similar locations (i.e.
similar size buttons, knobs, places to put items, etc.).

While it may be tempting to say fAredesign
confusedo and | eave the inquiry there, there
AAFFSsis acceptable; in the instance of Items in a Series (i.e. batteries, disposables, etc.). If
there are multiple items in a series, then it is entirely acceptable to have several identical
Affordances; the problems come in when Mismatch is an issue;a.sittlation where if
multiple items are acted upon in the wrong oy@erError occurs. If Mismatch is impossible,
however, this is not an issue. Similarly, if mismatch is possible but not an issue (i.e. several
batteries need to be inserted but it does not matter which one goes in which slot) there is also no
problem.

If Mismatch is both possible and a problem, then it is necessary to change the design such
that it becomes less of a problem. The first line of defense for this is using Physical Constraints.

If Physical Constraints cannot be applied effectively, or ar@moaugh, it is necessary to also
add Signifiers to the items in a series (serially signify them) to clearly let the user know which
one is which.

However, if the Affordances are not Items in a Series, then the process is much simpler.

The designer must simply redesign the Affordance such that the size, shape, or other
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dimension(s) of the Affordance, (preferably several) to make it obvious via touch and at a glance
that the controls do different things. These changes should be applied to the AAFFS Worksheet
and sketches.

This whole process should be done for every found Similar Affordance in the Developing

Product 6s SOU.

3.8.5Familiar Rule Takeover Check

Familiar Rule Takeover Check:

A 4

i ‘ True

Familiar Rule Takeover

Check

Redesi ith
conflicting secon Gry—H . changes on the AAFS d i
m i S 4» g + Maode-Error Slip

worksheet. Check

Figure 29: Final Checklist, Familiar Rule Takeover Check

For Familiar Rule Takeover, the Designer must ask: is there a behavior pattern either
earlier in the SOU of the Developing Product or in a similar product that is similar enough that it
is likely to overtake the prescribed behavior pattern and causeoameerto incorrect action?
Some habit or welworn procedure that the first couple of steps are similar enough to in the
Devel oping Productdéds SOU that it would cause
If there is a pattern like this, tAFFSsneed to be redesigned in such a way (with
either Constraints or Signifiers) that it is either impossible or obvious that the old behavior

pattern is incorrect.

3.8.6Mode-Error Slip Check
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Mode-Error Slip Check

False Fal Make Modes clear
Start The Product has Lomelna e via Constraints and
Mode-Error Slip Cheﬂk—’_ different modes + ey ' Signifiers
rem(]vﬁd 9
Y True
Remove the
modes '

True

Proceed to
Memory-Lapse Check

Make the relevant
changes on the AAFS
worksheet.

v

Figure 30: Final Checklist, Mode-Error Slip Check

A Mode-Error Slip Check is only relevant if the Product has different Modes.

If the product has modes and the Modes can be reasonably removed, the Designer should

remove the Modes from the SOU. If not, the Designer should make the modes as clear as

possible, with Signifiers (such as celdranging lights) or Constraints.

3.8.7Memory-Lapse Check

Memory-Lapse Check

Add signifiers for
unclear siages The signifiers are Y
Memory Lapse SR v o
Check
False * ¥ Tue
Itis easy to find ¢ This is the | T
Consider ’ N is is the last step
Interface place in the SOU + in the SOU ———]
Sketches and
SOU. | = T:le SOUdis
ong an
complicated

| Proceed to next

1 AAFS in the SOU

True

Proceed to

Sensibility Check |

Add a visual or
digital Checklist

Figure 31: Final Checklist, Memory-Lapse Check
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For a MemoryLapse Check, the Designer must consider each AAFFS in the SOU in turn
and ask the question: is it possible to quick
they had no memory of completing the previous steps? If the ansingfisr that AAFFS, then
the Designer should move on to the next AAFFS in the SOfdlsk the Designer should add a
Checklist that keeps track of where the User is in the SOU.

At the end of the evaluation of the SOU, the Designer must ask: is the SOU lengthy and
not tied to any predetermined behavior patterns, or is an assembly of several behavior patterns?

If the answer is yes, then the Designer must add a checklist, evenvifasmot added in the

previous guestions.

3.8.8Sensibility Check

Sensibility Check

False
| > |

Consider Function Ensure Inferface Ensure Product cannot

Start of AAFFS, and There are True S B True provides warning cause Excess

Sensibility Check + Procedure of —’— Excesses possible _’— TS —’— message for excess

the devi
Developing on fhe device warranted

Product +
False Proceed to
’ ’— Dilemma Check

Figure 32 Final Checklist, Sensibility Check

A Sensibility Check is designed to find where the Product is capable of doing something
outside of the boundaries of what it should be designed to do. For instance, a radiation delivering
device should not be capable of exposing patients to a lethal fd@sbadion.

When considering a Sensibility Check, the Designer must consider the whole Procedure

of the Developing Product as well as each of the Functions of eachAABESsin the
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Devel oping Productds SOU. Each of these shoul
possibility that the Product is capable of delivering a dangerously erroneous amount of

deliverable. If the possibility exists, and there is no valid reasantfmexist, then the excess

should be constrained to a value within the b
there is reason for such excesses to exist (for instance, rush scenarios or emergency situations)

then the Product should notify thiser that the Product is about to provide an excess in a

manner that repeats the input back to them and in another format that makes the user consider it
fromtheirModelBased reasoning (for instance: Ayou ha
higher than is safe for normal operation. Are you sure you want to continue?). However, if there

is no valid reason for the Product to be able to provide excess, the product should be prevented

from doing so.

3.8.9Dilemma Check

Dilemma Check

True
Start There isa :
Either remove

Dilemma Check _’_ Dilemma in the —’— ¥ .
or give an exit

sou

False

Proceed to
Entrapment Check

v

Figure 33: Final Checklist, Dilemma Check

For a Dilemma Check, the Designer must ask: at any point in the SOU, is it possible for
the user to encounter a situation where there are two options, neither of which is preferable? If
so, that situation shoul d imieategtheiUsershoaltdleed, or i

given an obvious escape route.
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3.8.10Entrapment Check

Entrapment Check

. True
Start There is an :
Either remove

Entrapment Check + Enfrapment in the —’— or give an exit
SOuU

False
Proceed io
Accidental
AHordance Check

v

Figure 34: Final Checklist, Entrapment Check

For a Dilemma Check, the Designer must ask: at any point in the SOU, is it possible for
the user to Abox themselves intood a situation

this situation must be eliminated, or the User must be givemaousbexit.

3.8.11Accidental Affordance Check

Accidental Affordance Check

S The Accidental False Apply

Accidental Affordance Affordances can be __}_— Semantic }—
Check designed out Constraints
* Make the relevant
Design the‘ changes on the AAFS
Accidental kshe
T I—’_ worksheet.
AThe: nre‘ e True Affordances oui ’
ccidenia
Affordances in the
Interface +
4} False > Finish

Figure 35: Final Checklist, Accidental Affordance Check

For the Accidental Affordance Check, the Designer must look at the Sketch or Model of
t he Developing Productds I nterface. The Desig

Affordances for things that should not be Acted upon (dangerous thirigs, louns t hat shou
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be pressed by a human hand, etc.)? If so, these Accidental Affordances should be designed out
whenever possible. Even i f interacting with t
dangerous, it should be dealt with because of the possibility of confuglonther controls. If

they cannot be redesigned, the designer should apply Instructional decals (see Metonym and
Diagram in the Outside Instruction Table) to instruct user not to interact with the Accidental

Affordances.

3.9Prototyping Round 2

Upon completing the Final Checklist, the Designer will have the following results:

1.A Meaning in Archetype for the Developing
the use of the Main Table) that can be us
nami ng.

2.A set-refsollawi on sketches arhdckecrkhddlkup A A& Se
SOU Worksheet results.

3.An eval uatperdo oafnedd eSQWwr( cat al ogued on the

At this point, the Designer should generate several more sketches and adsghéron

mockup or model of the Developing Product.

3.10Tool Completion

The Developing Product is now ready for the rest of the Industrial Design Process. The
compendium of AAFFS SOU Worksheets generated
serve as a reasoning reference for why certain usability decisions were madbevtime

comes to start dealing with manufacturing and technical constraints.
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Chapter 4 Design Tool Application: Kyra Octopus
4.1 Introduction and Background

The Design Tool will be applied to a redesign of adéwvelopment surgical device; Kyra

Medi cal 6s AOctopuso Fluid Management System.

4.1.1Project Octopus

Project Octopus was originally a collaboration between Kyra Medical, a medical device
company out of Boston, Mass., and Auburn University. It involved the Kyra team as well as five
Auburn students (see Fig 4.1): four senior Mechanical Engineering stdatgg Duncan,
lower left; Savannah Anderson, lower right; Joseph Freeman, upper left and Jake Garza, upper
right) and one Industrial Design Graduate student (the author, Sheridan Kromann, upper center)

that would be doing the majority of the developmeatkafor the product.
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est in innovotion from the.
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Figure 36: The Auburn Team for Kyra Project Octopus
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The project took place over two semesters and concluded with a functioning prototype
that was designed, engineered, and built by the teadisplay at the AORN 2025 medical
industry show in Boston and shown to users and medical industry professionals, where it found
great success.

However, since the whole endeavor was the maiden voyage of its type, the project very
understandably had certain troubles, and some areas of the design process were pushed along
faster than was advisable. These troubles do not diminish the successiifaheroject in the

slightest but do leave some room for improvement.

4.1.2Project Brief

The whole idea for Project Octopus came from one of the employees of Kyra Medical,
Mike Nordling. The following information was learned from the Kyra Medical team during the

duration of the initial project.

4.1.2.1Arthroscopy

Arthroscopy is a joint repair surgery and is the main focus for Project Octopus. In
Arthroscopy, the surgeon uses a Peristaltic Pump to pull sterile saline fluid from 1V bags hanging
on an IV pole into a cannula which is inserted into the joint capsuéejolit capsule is the
space between two or more major bones (such as in the knee or shoulder) that is held together by
a Acapsuledo of cartilage and | igaments. The s
and pushing the bones apart so thatdurgeon can access injured areas of the joint with a
remote camera and minimally invasive tools. Since the joint capsule is not watertight, it leaks
constantly and the pressure within it must be maintained via the pumping in of even more saline

flud.If t he pressure were ever to drop in the joi
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inside it, the capsuleand the bones it connectsitavould collapse on the sharp instruments,

injuring the patient and damaging the tools.

4.1.2.20ctopud. Relevance

The issuecausing concern gbint collap®is that the saline supply for the procedure is
sets of 3 Iliter IV bags hung on a simple |V p
Nurse with things called IV Spikessmall, relatively sharp pieces of tubular plastic connected
tolVtubinghat, when inserted into an |V bagods Spik
bag into the IV tubing. These IV spikes are part of something called Day Tubing, which is an
assembly of IV tubing, IV spikesnd clamps (which cut off IV fluid flow when needed) that
connects to the Peristaltic Pump.

ExistinglV poles do not provide any sort of warning to the circulating nurses that the
saline supply is getting low. In addition, it is difficult for the Circulating Nurse (the person in the
OR running around to ensure all equipment for the procedure is workipgrty) to see a
transparent IV bag across a darkened Operating Room. The first warning the whole Operating
Room gets as to when the joint is about to co
go offi and by then, it is often too latBy the time the alarms are going off, the Nurse will not
have enough time to tspike an IV bagremove if and get a new bag spiked before the joint
capsule loses pressure and it begins to collapse.

There have been patented id&ashanging what are essentially load sensors with an
alarm attached to them that shriek loudly when the weight from the IV bagsatg emptyon
the IV pole. These devices are loddliked, and are often forgottesr bypassed once their

initial batteries die.
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The idea behind Octopus is that the IV pole should not only let the nurses know in real
timei in a much more effective and less obtrusive way than a simple alaimat state the 1V
bags are in, and additionally swap between IV bags automatically inddérof a procedure to
reduce number of refill stops. This will reduce possibility of fluid running out, and thus of the
joint collapsing.

The problem that this Design Tool wishes to solve is that the initial design of the Octopus
requires several actions that were created by the design team primarily based on technical
constraints, and few usability considerations were placed on top oftihege time constraints.

It is this toolds job to ensure that they are

CirculatingNurse in an Arthroscopic Procedure Operating Room.

4.1.3The Octopus™ Initial Final Design
The Octopus (Fig. 4.2) was a pateunted electromechanical device that had several

main components:

Figure372The Octopusod I nitial Final Prototype
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1.An upper module with LED |ights and hooks
were attached to weight semesmdAaisnghedtdennun
signal to the Octopus when a bag was runni

the plastic housing to change color to giwv

t hat hook was running | ow.
2.A |l ower section with mounting features for
spi kes; effectively Octopus6é attachable ve

features that would cut off flow ftbm spec

associated bad/hwamsbagnmumg Ilow,. the weight
the |Iight would change color, and the mach
from it.

3.A button on t haddmlwleratstexdhed tubes in the
when prestsoepdpi ng all fluid flow when the Ci
usually between procedures.

As long as Octopus is supplied with fresh IV bags when some start getting low, the Octopus
will effectively run in a loop forever, and is able to pause between procedures. Octopus is able to
carry and handle four full thrdéer IV bags at once, giving ttvice the capacity of a standard IV
pole with Day Tubing. The lights on the upper section/module are designed in such a way that
they are at | east partially visible from al/|
bl ocking t he tMWayreseaihaghwaiNgse couldlde anywhere in the OR, the
Nurse will be able to see the bag statuses from anywhere they may be, unless the pole or another
device is blocking their view; much easier than tryinglemtify the translucent content af

clear IV bag in a darkened OR.
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These features were an incredible first start, considering the resolution at which they were
executed. These formed the basis of the redesign conducted through the application of this

thesisbds tool

4.2 Tool Application

The Design Tool is one that comes into play at the beginning of the Sketching step in the
industrial design process, immediately after the research phase. While this project has
leapfrogged ahead of this point, the existing working prototype will be tkéme starting

point. The research phase was essentially completed during the initial project.

4.3The AAFS Worksheet

It is recommended that the Designer use a pencil and a large eraser to fill out this form, as

it will be revised over the course of using the tools.

4.4The AAFS Refinement tool

In using the AAFS Refinement tool, the designer created a complete SOU for the existing

Octopus device, from startup to shut down. It involved 23 steps, as shown in Figure 4.3.
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Figure 38: Sequence of Use, Octopus

The vast majority of the individu&dAFFSsin the SOU had to deal with spiking,
unspiking, adding and removing IV bags. Very f@AFFSsactually dealt with anything

technical with the Octopus itself.

4.4.1Path A
4.4.1.1Meaning in Archetype Tool

When moving to the fApathso in the first fe
designer chose the appropriate path (path A) and generated a Meaning in Archetype for the
Developing Product. As stated in Chapter 3, the Meaning in Archetype Tool Higti&mpts
to find the AMeaningo of the developing produ
Procedure) to nail down close to a concise totality of what the product joeshsuld mean to
the User. Since the basic function of the Octopssima&t f undamentally chang:¢
provide saline fluid to the Peristaltic Pump) the Octopus is still fundamentally an IV pole.
Therefore, iIits most descriptive and concise B
Arthroscopy, that was detern@d to be the Procedure of the Octopus. The Adjective for the
Octopus was found to be AAutonomouso, as that

The results of the tool were as follows:

16¢



Figure 39: Meaning In Archetype Tool, Octopus, Path A

17(













































































































































































































































