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1 Intro duction

The goal of this book is to presert a practical engineeringapproac to designthat hasa rigorous
basis, supports calculation, and is driven by what stakeholders (i.e., those who have a \stake")
really want, as expressedin their value systems. These two aspects may seemquite dierent,
in a senseexpressedin the 1950sby C.P. Snow [9] as belonging to the \t wo cultures,” of the
sciencesand the humanities. Howewver, we cortend they are highly compatible, and that both
are essetial for good design. The two are uni ed in our systematic new vision for semiotics the
theory of signs,or better, of signi cation or signi cance. Our approad, called algebaic semiotics
has a rigorous algebraic foundation that supports precisecomputations for critical decisions,and
that incorporates values in practical methods, which are basedon recen sociological researd,
for determining and using the values of stakeholders. Values, structure and represenation are
implicitly involved in every designdecision,and the major thesis of this book is that designcan
beimprovedin quality and e ciency if thesefactors are made more explicit at appropriate points,
and if preciseprinciples for their use guide designdecisions,especially tradeo s.

The practical design principles in this book are general enough to apply to the design of
websites, software systems, graphic displays, video games, art objects, magazine layouts, and
more. But our illustrations and exercisesmainly focus on the design of websites, due to their
concretenessjmportance, and relative simplicity, although examplesare also drawn from from
other areas,sud asinformation visualization and multimedia art. Our designprinciples generally
draw on the deepintentions, i.e., the value systems,of stakeholders,to achieve overall consistency
and coherence. Howewer, some of the most interesting principles concern optimization when
tradeo s among competing criteria are necessary Experienceddesignerswill certainly recognize
many special casesof our principles, but asfar aswe know, they are new in the very preciseand
general formulations given here. We nd it both practical and exciting to combine engineering
designwith scociological methods that take account of the valuesof stakeholders. Throughout, we
seekto usethe most rigorous and scierti ¢ foundations that are possible.

This book is not primarily concernedwith low level programming issues;although these are
certainly a necessarypart of computer-based system dewelopment projects, they are far from
su cien t for good design. It is all too common to seesystemsthat fully meet their technical
requiremerts for functionality, e ciency, ewlvability, and so on, but that are very dicult, un-
pleasart, or even impossibleto use. This book focuseson designing systemsthat provide what
stakeholdersneed. Tedinology is ewlving very quickly, but professionalsusually have relatively
little dicult y learning what they needfor any particular purpose,whereaspractical help in ad-
dressing the challenge of designing systemsthat usersreally like is much harder to obtain, as
well as (we believe) much more valuable and appropriate in today's professional environment.
Nevertheless, Appendix ?? includes some basicsof technologiessuch as HTML, XSL, and CSS
that are usedin this book.



The remainder of this introductory chapter givesa brief overview of the corntent of the book.
The details of coursecan be found in the rest of the book, including algebraic semarics, classic
and algebraic semiotics, sociology of values, practical value discovery methods, represenation
theory, including optimality principles, and numerous examples, including some case studies;
sidebarsexpand on certain important topics. Those (perhapsfew) who would like to seemore
theory may consult Appendix ??. Ead chapter has nal sectionsfor notes and exercises. The
notes provide referenceshistory, and other background information that may be of interest. The
exercisesectionsmay alsoinclude project suggestions.

1.1 Evolution of Interface Research and Design Metho ds

The earliest systematic computer system interface researtt was basedon ergonomics a subject
concernedwith optimizing the usability of tools, macdiines (e.g., in assenbly lines), applicances,
furniture, and other physical artifacts. Ergonomic methods work well for keyboards, mice, menu
layouts, and the like, but fail to addressthe major di culties that arisein helping usersaccomplish
tasks like writing a report, buying a book, or deleting junk email, becausesud tasks involve
cognitive and scocial issuesin a signi cant way.

The di cult y of applying physical ergonomicsto essetially cognitive tasks motivated the later
useof exgerimental psycholgy, basedon precisemeasuresof performance,suc astask completion
time, time betweenkeystrokes, number of keystrokes, and number of errors. These measuresare
similar to those usedin ergonomics,but are now applied in cortrolled experiments that involve
cognitive tasks. Sud experiments canbeusedto comparetwo designs,but they are expensiwe, and
have failed to deliver generaltheoriesthat can guide design. As a result, there is an ongoing move
towards lessrigorous methods, sud as casestudies, interviews, questionnaires,and stakeholder
panels;an excellert survey is givenin [8]. In particular, a large community of usability specialists
successfullyemploy informal methods to uncover problems in existing designs. Although new
ideas from cognitive scienceand scociology are gaining ground, vague but useful guidelines and
rules remain predominant among professional designers. We argue that deep reasonsfor this
include our current poor understanding of the mind, the mind/brain/b ody complex, language,
and sccial interaction in general.

The rise of the internet hasled to an increasinginterest in social aspects of design, because
many important applications now have a signi cant componert of communication, and are bet-
ter viewed as supporting the activities of a group than as supporting the activities of separate
individuals. Examplesinclude instant messaging,chat rooms, online forums, distributed games,
online auctions, open sourcesoftware developmen, wikis, and much more, such asthe collective
book review processusedby Amazon, and the collective link rating systemusedby Google. The
burgeoning eld of computer supported cooperative work (CSCW) addressessud issuesfrom a
sacio-technical point of view, and there has also beensigni cant interest from professionalsoci-
ologists. But the real world is developing faster than the academicworld can create namesand
organizations, and CSCW has now outgrown its traditional focuson work.

Eadh of the three broad classesof methods consideredabove can be valuable in practice, if
applied within its proper scope. Physical ergonomicsand classicalexperimertal psydology work
well for the designand analysisof input/output devices,sensory-motortasks, and simple displays.
But they do not scaleup to complex devices(such as aircraft cockpits), complex tasks (such as
landing an aircraft), and complex displays (such as the many layers of menus and windows of
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Figure 1: Parallel Evolution of Computer-based Systems, Interface Tednology, and Interface
Researt

a modern operating system interface). Informal methods can be e ectiv e for overall evaluation
of sudh interfaces, and for uncovering somedesign aws, but are not well suited to dewveloping
general design principles, or to discovering di culties that that involve complex cognition, or
sacial interaction. Unfortunately, methods basedon experimental psycology, and on scciology;
tend to be labor intensive, and although they can uncover interesting information, it can also be
di cult to relate that information to speci ¢ designproblems. This book attempts to Il the gap,
by providing an e cien t design method that is thoroughly sensitive to social issuesthroughout
the whole process.

The three rows in Figure 1 are a sequenceof relatively mild paradigm shifts (in roughly the
senseof Thomas Kuhn [5]), eat step upward motivated by weaknessesn the prior paradigm.
This sequenceneatly re ects the historical developmen of the three columns, as well as the
di cult y of the problems being addressed.For example, ergonomic methods are the earliest and
easiestresearti method?, while social issuespesen the most recert and complex problems.

In summary, it seemsfair to say that there is a crisis in interface design: we are called on
to designsystemsof ever broader scope and greater complexity, but we lack precise, systematic
methods that can help us do soe cien tly and e ectively. Simply, we do not know how to design
sud systems, and we often fail. This book aims to improve that situation, without claiming
to have an ultimate solution, but rather, to have taken useful intitial steps down a promising
path. We do claim that using the methods preserted in this book will result in more e cien t and
e ectiv e designpractice than is currently the norm, and we bad this claim with a number of case
studies of real deployed systems.

1.2 Value-Driv en Design

A fundamenal thesis of this book is that valuescan be used throughout the processof design
and dewvelopmert to drive that process(we view designand developmert asinseparable),not just
to evaluate designs,or to help determine requiremerts, but alsoto drive major and minor design

'Recertly, ergonomics has tried to evolve into \cognitiv e ergonomics," which is why it appears twice in the
gure.



choicesthroughout the process.This can not only improve the system, but can alsoimprove the
process,by clarifying dicult tradeo s, and simplifying the way of choosing among alternatives;
we will seemany examplesof this, ranging from low level issueslike the ordering of menu items,
up to fundamental choicesabout what to build, or even whether to deploy a built system.

Valuesare everywhere: all human choicesinvolve values. Theserangefrom simple preferencess
(such asnot liking yellow), up to the kind of large grain issuesgrouped under nameslike \family
values." It is useful to distinguish between values and ethics. Ethics refersto valuesthat are
generally proclaimed and promoted in someparticular society; theseneednot be the sameasthe
valuesthat are generally practiced by members of that scciety, and of course, someindividuals
may have valuesthat di er greatly from those of their scciety. Ethical valuesare usually general
principles (such as \thou shalt not kill"), whereasvaluesin the sensethat is more useful for
designcan alsobe quite speci ¢ (sudch as,\it is more important for this particular screen,to know
the date of a transaction than its exact time"). We will seethat valueshaving to do with task
orientation and social interaction are the most important for design.

We considerthat not just users,managers,etc., but alsodesignersand engineersare stakehold-
ersin the systemsthat they design,build, test and deploy. This is important becausdat empowers
designersto considerand assert(but not to impose)their own values, which may include ethical
issuesthat in somecasegequire them to refuseto work on a project, or evento resign. Valuesdo
not exist in the abstract, but canonly berealizedin real individuals in actual concretesituations.

Someof our earlier writing usedthe phrase\v alue-cerered design,” but we now think that
\v alue-driven design" better re ects our approad of using values throughout the entire design
and dewvelopmert process. The work we know that is most closely related to ours is the \value
sensitive design” of Batya Friedman, Peter Kahn, Alan Borning, and others [1]; this approad
diers from ours in focusing more on large grain human values, suc as privacy, accourtabilit y,
informed consen, and demacracy, and lesson small grain values(preferences),suc asthe relative
importance of parts of a website, a webpage,or a meru; our approad is also more mathematical
and more semariic.

1.3 Algebraic Semiotics

Semiotics is the study of signs. The American logician Charles Sanders Peirce (pronounced
\purse") introduced this term and many of its basic ideas [6]. He emphasizedthat meanings
are not directly attached to tokens; instead, signs are triadic (i.e., 3-part), involving a token,
a meaning, and a processof interpretation that includes the context in which interpretation is
done. Ferdinand de Saussurealso contributed the important ideas[7] that signsare structured,
and should be studied as menbers of systemsof signs, rather than as individuals. We consider
signsin a very broad sense,as any mediators of meaning: they are not just simple \tok ens" or
physical marks, but can be complex combinations of lower level signs; e.g., sertences, spoken or
written, newspager advertisemerts, books, even furniture, buildings, and operating systems. We
also consider meaning in a very broad sense,as including the usesand values assaiated with
signs.

We extend classicalsemioticsto algebaic semiotics to model structure and represenation of
signs, as well as dynamic interaction and values;algebraic semioticsis the basic languageof this
book, justi ed becausedesignsconsistof structured signsthat represen other signs,in a way that
re ects values. There are two main conceptsin algebraic semiotics. The rst is semiotic space,



also called semiotic theory, which is a model for a family of dynamic structured signswith values.
The secondis semiotic morphism, which is a model for a represenation of one semiotic spaceinto
of the signs of another semiotic space(which might for example represen the family of possible
signs for someoutput device). The formal basis for algebraic semiotics is algebric semantics
a rigorous mathematical theory of data represenation basedon equational logic; however, we
introduce and useit only in a very informal way. Thosewho wish to seea more formal exposition
may consult Appendix ??.

1.4 Cognitiv e Science

Cognitive sciencestudiesthe human mind, including perceptionand cognition. While not ignoring
the brain, that is not its focus. On the other hand, it hasbecomeincreasingly clear that the mind
should not be studied independertly of action, the body, and the ervironment. It seemsobvious
that good designshould take accourt of the actual cognitive capabilities and limitations of human
beings. Cognitive sciencetopics of particular interest for this book include cognitive linguistic
approadesto concepts,metaphors, and related dewvelopmerns, such as blending theory; theseare
discussedin Chapter ??. Signi cant precursors of these modern dewvelopmerts can be found in
gestalt psydology, especially in relation to perception; for example, the notion of \a ordance"

from the ecologicalpsydology of JamesGibson [2] is related. We also explore the limitations of
focusing on individual cognition, and develop alternativ es for situations where scocial interaction
is essefial.

1.5 Empirical Metho ds for Social Issues

Few computer sciertists are aware of the vast amounts of empirical work in the social sciences
that can help them deal with the sccial issuesthat so often plague their projects. Some of

these, though empirically based, are mainly useful in providing a perspective on the nature of

sacio-technical systems,but others can be applied directly by computer sciertists to understand

particular situations and discover the valuesof participants. Among the former is cultural his-

torical activity theory in the tradition of Lev Vygotsky [10], as well asthe distributed cognition

of Ed Hutchins [3], and the actor network theory of Latour, Callon and others [4]. Among the

many useful conceptsthat comeout of thesedi erent scools, that of mediation is of particular

importance for interface design. The main method for discovering valuesin this book is based
on William Labov's researt on narrative; it provides a way to uncover the valuesimplicit in the

stories that members of sacial groupstell one another.

1.6 Notes
The subsectionsbelow discussthe history and useof this book, someearly sourcesof its approad,
a note for instructors, and acknowledgemerts to those who helped.

1.6.1 Origin and Use of this Book

This book grew out of the rst author's seweral years experience teaching undergraduate and
graduate courseson user interface design at UCSD. This experience ensuresthat the material
can be understood by ordinary students, and can be applied by them in practical projects. The



secondauthor has beeninvolved in the course as a student, teaching assistart, and author or
co-author of researt papersthat dewelop and useits content. Much of the cortent of the book
comesfrom papers and coursenotes by one or both of theseauthors.

The book is intended for usein both undergraduate and graduate courses;material that is
more suitable for the later is marked with a star, and a few items marked with a double star are
intended to challenge even graduate students.

1.6.2 Historical Notes

For us, the three great precursorsof our approacd to designare Charles SandersPeirce, Ferdinand
de Saussure,and Douglas Engelbart. Pierce (1839{1914)was a Boston philosopher and logician,
whoseearly researt laid the foundations for much of what becamemodern rst order logic and
modal logic; he regarded semiotics as a necessaryfoundation for this work. He also founded
pragmatism, a philosophy of practical action in the world, which has beenin uential in Anglo-
American philosophy, and which is very closeto the worldview of engineering. Ferdinand de
Saussure(1857{1913) was a Swisslinguist who taught in Genewa. WhereasPeirce focusedmore
on the philosophy of meaning, Saussurewas empirically motivated, and noticed in particular
that signsalways comein families that are structured in particular ways (e.g., verb tense system
of a given language). An important cortrast between their approadesis that Saussure'ssigns
have a direct dyadic (2-ary) connection beteentoken and meaning, whereasPeirce's signs have
a more subtle triadic (3-ary) relation that explicitly includes interpretation. Peirce also studied
metaphor, and deweloped a detailed classi cation of the di erent kinds of sign. Saussurehad
a great in uence of the French structuralist and post-structuralist movemerts in anthrop ology,
literature, popular culture, and other areas. Algebraic semioticstries to synthesize the best of
ead approad with somerecert advancesin computational semariics.

Figure 2: The First Mouse

Engelbart (1925{) is the great pioneerof computer interface design. Unfortunatly , heis far less
known than he should be, despite holding many awards, including the Turing Award. Although
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Figure 3. Menu Selector, Keyboard, Mouse, and Video Display

best known for inverting the mouse(Figure 2 shavs the rst mouse), he did far more than that.
A legendary 90 minute show in San Fransicso on 9 Decenber 1968 demonstrated hyperlinks,
remote video conferencingand collaboration, windows, merus, and remote seart and retrieval,
in a systemcalled NLS that had beenunder developmert since1962(Figure 3 shovs NLS in useat
the SanFranciscodemo). On 29 October 1969, his lab at Stanford Researt Institute (now called
SRI) becameone end (with UCLA) of the rst link of the Arpanet, which of courseewlved into
today's internet. Later, he founded and ran Arpa's Network Information Center, using NLS. His
approad, called \Human Intelligence Augmertation,” is a human certered approac that di ers
greatly from the \Arti cial Intelligence" goals of replacing humans by computers for specic
tasks (often military oriented tasks). Around 1950, Engelbart began deweloping the strong value
systemthat motivated all his subsequehresearti. He rst asked, \How can my careermaximize
my contribution to mankind?" and decidedthat deweloping and using computers and networks
to augmert human intelligence for solving the world's increasingly urgent and complex problems
wasa timely and realistic opportunity. Engelbart is therefore alsoan important precursorto what
we call value-driven design.

1.6.3 Special Note for Instructors

In teaching the material in this book, we found that many computer sciencestudents expect a
greater ratio of programming over reading and theory than we provide: they don't really want to
design, they want to start writing code. We therefore found it helpful to repeatedly emphasize
the importance of good designfor good systems,in a variety of ways, e.g., the introduction to
Chapter ??, which discussesanalogiesto (and di erences from) mature engineeringdisciplines,
sudh as electrical and mecdanical engineering.
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1.7 Other Resources

There is an enormousliterature on interface design,including very many books and journals, and
very many websites. Here we list just a small number that seemespecially relevant to this book.

User-Cen tered Website Dev elopmen t, by Daniel McCracken and RosaleéWolfe, Prentice-
Hall, 2003. ISBN 0-13-041161-2.This is closeto the spirit of our book, in its elegart com-
bination of pragatic orientation, soundrelevant theory, and good examples;we have usedit
in the past as our textb ook, and we highly recommendit for supplemenal reading.

Designing the User Interface , by Ben Shneidermanand Catherine Plaisant, Addison
Wesley 2004 (fourth edition). ISBN 0-321-19786-0.This is the most comprehensie general
referencein the eld, a widely usedstandard, that we have also usedas a text in the past;
it is highly recommendedfor supplemenal readeing.

Human Values and the Design of Computer Technology , by Batya Friedman, ed-
itor. Chicago/CSLI, 2004. An excellert resourcealso closein spirit to this course;highly
recommendedfor browsing.

Interaction Design, by Jennifer Preece,Yovonne Rogers,and Helen Sharp, Wiley, 2002.
ISBN 0-471-49278-7.A classicalpsydology oriented approad to interface design; recom-
mendedfor diversity.

Metaphor and Iconicit y: A cognitiv e approac h to analyzing texts, by Masako

Hiraga, Palgrave Macmillan, 2005. ISBN 1-4039-3345-6.This is the most sophistiated and
inspiring text we know on Peirceansemiotics applied to literature.

The Way We Think , by Gilles Fauconnier and Mark Turner, Basic Books, 2002. ISBN
0-465-8785-X.A basic popular text on cognitive linguistics and blending theory; highly
recommended.

The Design of Everyday Things , by Donald A. Norman, Doubleday, 1988. A charming

and well illustrated short volume on user interface designfor everyday objects; fun to read,

and informativ e.

Information  Visualization , by Robert Spence,Addison Wesley 2001. ISBN 0-201-59626-
1. A good survey but a bit out of date now.

Understanding Comics , by Scott McCloud, Harper Collins, 1993. ISBN 0-06-097625-X.
The bestbook we know on semioticsthat doesnot mertion that word at all! Highly readable
and a lot of fun, especially on the use of spaceand time.

Intro duction to Barthes , Mireille Ribiere (Hodder and Stoughton, 2002). ISBN 0-340-

84499-X.An excellert introduction to post-structuralist French semiotics;short, cheap and
clear; highly recommendedfor diversity.



Aramis, or the Love of Technology , by Bruno Latour, Harvard University Press,1996.
Perhaps the best introduction to classical actor-network theory, written in the form of a
novel in which the \hero" is a failed Parisian suburban transport system. Enjoyable aswell
as informativ e and unusual.

Requiremen ts Engineering: Social and Technical Issues, ed. Marina Jirotka and
JosephGoguen, Academic Press,1994. A sophisticated survey of ways to obtaining require-
ments and values for computer-basedsystems, with somenovel ideas on sccially situated
abstract data types;recommendedfor browsing.

Algebraic Semantics of Imp erativ e Programs , by JosephGoguenand Grant Malcolm,
MIT Press, 1996. Mathematical badkground for the algebraic semiotics that informally
underlies this book; recommendedfor those with somebadground in abstract algebra.

Life Stories: The Creation of Coherence , by Charlotte Linde, Oxford, 1993. Deep
badkground with many exampleson narrativ e theory; enjoyable and informativ e to read.

The Yale Style Man uual, perhapsthe best general style manual currently on the web,
at info.med.yale.edu /caim/manual /.

The UCSD Semiotic Zoo, at www.cs.ucsd.edu/ goguen/zoo; an exotic collection of poor
designscaptured in the wilds of academicdiscourse.

The interface Hall of Shame, some bad examplesof GUI design, mostly OS's and
browsers;at www.pixelcentric. net/x -s hane.

W ebsite on blending and metaphor, by Gilles Fauconnier, Mark Turner and many others,
on cognitive linguistics; at www.wam.umd.edu/mturn/WWW/blending. ht ml.

Homepageof In teractions magazine,published online by ACM.

There are many many specialized online resources,of highly variable quality, as well as many
specialized books and journals; it is well worth spending sometime browsing. The websites of
Ben Shneidermanand Don Norman are especially recommendedfor their further links and their
interesting corntent.

1.8 Exercises

The purp oseof theseexerciseds to orient you towards someissuesthat will be important for this
course,and that will be exploredin much more detail later.

1. Seard the internet (excluding other material by the authors of this book) for usesof values

in design, and write a short essg (about one page) comparing what you nd with the
approad of this book.

. Seart the internet (excluding other material by the authors of this book) for usesof semi-
otics in design,and write a short essg (about one page) comparing what you nd with the
approad of this book.

. Describe an example of a complex sign and indicate someof its parts and subparts. Pick
a speci ¢ real sign (e.g., \this book" rather than \a book" { but do not usethis particular
book!). Also describe a family of real signs of which your sign is a menber in a some
signi cant way.



4. Obsene a computer user at a typical task, such asreading email, debugginga program, or
playing a game; after the task is completed, interview the user, and try to discover some
valuesthat are signi cant for that user at that task. Obtain written permissionfrom the
user. ldeally, you should record the sessionand analyzethe recording. (Detailed guidelines
for conducting and analyzing such sessionsare given in Section ??.)

References

[1] Batya Friedman, editor. Human Values and the Design of Computer Technolay.
Chicago/CSLI, 2004.

[2] JamesGibson. An Ecological Approach to Visual Perception. Houghton Miin, 1979.
[3] Edwin Hutchins. Cognition in the Wild. MIT, 1995.

[4] Bruno Latour. The Pasteurization of France. Harvard, 1988.

[5] Thomas Kuhn. The Structure of Scienti ¢ Revolutions Chicago, 1962.

[6] Charles SaundersPeirce. Collected Papers. Harvard, 1965.In 6 volumes;seeespecially Volume
2: Elements of Logic.

[7] Ferdinand de Saussure.Course in Generml Linguistics. Duckworth, 1976. Translated by Roy
Harris.

[8] Ben Shneidermanand Catherine Plaisart. Designingthe User Interface. Addison Wesley 2005.
Fourth edition.

[9] C.P. Snown. The Two Cultures and the Scienti ¢ Revolution. Cambridge, 1959.

[10] Lev Vygotsky. Mind in Scaiety. Harvard, 1985.

10



