
Interface design: A semiotic paradigm *

MIHAI NADI N

Design principle s are semioti c by nature . T o desig n mean s to structur e
systems o f signs in suc h a  way a s t o mak e possible th e achievemen t of
human goals: communication (as a form o f social interaction) , engineer -
ing (a s a  for m o f applie d technica l rationality) , busines s (a s a  for m o f
shared efficiency) , architecture , art , education , etcetera . Desig n come s
about in an environment traditionally called culture,  currently identified
as artificial  (throug h a rathe r romanti c distinctio n betwee n natural an d
artificial), an d act s as a bridge between scientifi c and humanisti c praxes .
Along this line of thinking, Simon (1982) stated, 'Engineering , medicine,
business, architecture, an d painting are concerned no t with the necessar y
but with the contingent — not with how things are but how things might
be — in short , with design'. The objec t of semiotics i s sign systems and
their functioning within culture. Fo r a  long time (and fo r reasons whose
presentation i s beyond the scope o f this article), on e type of sign — the
symbol —  ha s bee n considere d representativ e o f al l sign s i n huma n
culture: 'for most of us ... th e significant part of the environment consist s
mostly o f strings o f artifact s calle d "symbols " tha t w e receive throug h
eyes an d ear s i n th e for m o f written an d spoke n languag e an d tha t we
pour ou t int o th e environment — as I  a m no w doing — by mouth o r
hand' (Simon 1982) . Actually, we perceive sign s through al l our senses ,
and we generate signs that address the same. The fact that some of these
signs (visual , auditory) are more importan t shoul d no t preven t u s fro m
considering any other sign that can be used for representation, communi -
cation, and communication functions. Bu t before dealing with these basic
functions, w e have to settle upon one of the many definitions of sign that
have bee n advance d i n th e fiel d o f semiotics , an d the n appl y i t a s
consistently as possible. The definitions fall into two basic categories :
1. Adoptio n of one kind of sign — usually pertaining to verbal language
— as a paradigm, with the understanding tha t ever y other sig n is struc-
turally equivalent. Artificial intelligence researcher s ar e quite comfortabl e
with thi s model . Th e Swis s linguis t Ferdinan d d e Saussur e advance d

Semiotica 69-3/4 (1988), 269-302. 0037-1998/88/0069-026 9 $2.00
© Mouto n de Gruyter, Amsterda m

Brought to you by | Staats- und Universitaetsbibliothek Bremen (Staats- und Universitaetsbibliothek Bremen)
Authenticated | 172.16.1.226

Download Date | 4/26/12 10:30 PM



270 M.Nadin

the definitio n o f sign s as th e unit y between a  signifier  (th e actua l sig n
embodied in some material form suc h a s words, shapes) and th e signified
(what the sign is supposed t o mean) .
2. Adoptio n of a logical structure, with the understanding that each type
of sig n an d eac h sig n operatio n ca n b e describe d withi n a pan-logica l
system. The American scientist and logician Charle s S. Peirce (1839-1914)
advanced th e definition o f sign as 'something that stand s to someone for
something i n som e respec t o r capacity ' (1931-1966) . N o matte r whic h
definition i s adopted , th e questio n o f semioti c law s governin g sig n
processes i s necessaril y raised . Remainin g withi n th e real m o f sig n a s
symbol, Simon felt entitled to state, 'The laws that govern these strings of
symbols, the laws that govern the occasions o n which we emit and receive
them, th e determinant s o f thei r conten t ar e al l consequence s o f ou r
collective artifice ' (1982) . Bot h Saussur e an d Peirc e describe d th e sam e
through the role of the social, a semantic equivalent of'collective artifice' .
Although Simon is mistaken in limiting the sign to the artifact — we can
and do interpret semiotically (that is, as a sign) natural occurrences, to o —
he i s correc t i n considerin g sign s a s havin g a n ai r o f contingency , a s
natural phenomena havin g an air of necessity, in his opinion. Fo r severa l
reasons, th e pan-logical definitio n o f the sig n is more appropriate t o th e
subject approache d here , no t onl y becaus e th e underlyin g principles o f
computers ar e themselve s logical , bu t als o becaus e desig n activitie s ar e
not reducibl e t o th e mode l o f verba l languag e (o r o f an y othe r sig n
system). On the basi s o f Peirce's above-mentione d definition , this visual
representation (no t th e onl y one possible ) ca n serv e a s a n operationa l
model (Figur e 1). Figure 1  should b e read a s saying that onl y th e unity
between the three components  represent s a  sign — that is , that signs are

R
Representamen

Object Interpreter n knowledg e

Figure 1. Sign.  S = S(O,R,I); Representation = that which represents; Object =  that which is
represented; Interpretan t = the process of interpretation

Figure 2 . Semiotics.  Semiotic s a s scienc e o f representation ; semiotic s a s scienc e o f
expression; and semiotic s as science o f knowledge
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Interface design  27 1

identified a s such only through their representation , an d tha t a s soon as
we interpret a sign , we become part o f i t fo r th e time of that interpreta-
tion. The function s o f a sign are also eviden t i n Figure 2.

Semiotic levels at which sign processes (semioses) take place, levels that
are undoubtedly familiar and important i n computer science , can also be
depicted (see Figure 3).

Semantic Pragmatic

Figure 3 . Semiotic  levels  o f semioses.  Syntax = the relatio n betwee n signs , how sign s ar e
constituted; Semanti c = the relatio n betwee n sig n an d object , wha t th e sign s ar e con -
veying; an d Pragmati c = the relatio n between sign s an d th e user , wha t sign s ar e used fo r
(cf. Morris , 1938 )

There i s little trouble in understanding fro m this  that n o sig n can b e
considered independen t o f its relation(s) t o othe r signs , whether simila r
(such as words in a given language) or differen t (words , images, sensory
perceptions, etcetera) . Th e interdisciplinarit y o f semiotic s i s a  conse -
quence o f th e fac t tha t sig n processe s ar e heterogeneou s b y thei r
condition, an d tha t i n order t o understan d ho w differen t kind s of signs
constitute interpretabl e string s o r configurations , w e hav e t o becom e
acquainted wit h eac h differen t kind , a s wel l a s wit h th e principle s
governing human or machine interpretation o f such strings or configura-
tions. Representatio n o f an object , an d th e consequent interpretatio n o f
such a  representation, can take three different form s (Figur e 4).

Figure 4 . Representation.  An object ca n b e represented Iconically = representation base d
on resemblance , likeness ; Indexicall y = representation causall y influence d b y th e object ,
mark o f the object; Symbolicall y = representation based on conventio n
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272 M . Nadin

It shoul d b y no w b e clea r wh y Simon' s concer n wit h symbol s alone
(which is also th e concern o f the field known as symbolic anthropology )
proves a  seriou s limitatio n o f hi s explanator y model . However , sinc e
symbols are the dominant sign representation in human culture, and since
each symbol contains iconi c or indexical elements, it is easy to reformu-
late som e of Simon's idea s in order mor e adequately to make use of the
semiotic principles governing those cognitive phenomena with which he is
concerned in the first place.

Interface i s th e meetin g place betwee n tw o differen t entitie s tha t ar e
supposed t o com e i n contact , t o b e brough t togethe r —  tha t is , t o
communicate (sinc e communication mean s bringing together). It follow s
that interface has the nature of a sign. Simon even introduced 'th e artifact
as interface' (1982) . While it is true that th e concept o f interface becam e
fashionable i n th e 'compute r age' , i t i s actuall y a  produc t o f huma n
culture a s a n artifac t environment , an d i t i s in thi s respec t tha t Simo n
regarded The artifac t as interface' and The environmen t as mold' (1982).
Interface is also a problem of human-to-human relations, especially in the
context i n whic h huma n contac t an d interinfluenc e becom e mor e an d
more mediated. In defining the sign as a mediating entity and semiotics a s
the theory and practice o f mediation, I suggest that despite the diversity of
signs and sign processes, thes e all fulfill th e basic function οι intermediary,
go-between, medium  betwee n tw o o r severa l distinc t entitie s brough t
together throug h huma n activity . The contingency o f each mediatio n —
its likelihood,  relative  unpredictability,  it s dependency  o n an d conditioning
by other factor s (tha t is , the contingent natur e o f each interface ) — is a
reflex o f design' s doubl e natur e a s scienc e (i n respec t t o th e scientifi c
principles o f design) an d ar t (i n respect to a particular, original way of
designing). Schneider and Thomas (1983) pose two questions that express
the feeling s o f th e compute r community : (1 ) Wh y isn' t th e desig n o f
computer interfaces more like science? and (2) Why can't the people who
design interface s b e more lik e engineers? These concern s ste m fro m th e
recognition (late, but nevertheless a recognition) of the role interface plays
in th e huma n us e o f computers . I n th e past , interfacing , althoug h
important, wa s les s critical . Wit h compute r technolog y expandin g t o
more segment s o f society , an d i n view of the diversity o f utilizations o f
this quasi-universa l tool , interfac e issues ar e acquirin g mor e an d mor e
importance. If there is a scienc e o f interface (computer interface o r an y
other kind) , the n thi s science i s semiotics, an d th e pan-logical semiotic s
established by Peirce seems appropriate to interface. Once they accept thi s
affirmation, compute r scientist s and engineers should have no problem in
understanding th e multifacete d natur e o f semiotic s a s science  an d art,
heuristics and hermeneutics, etcetera. Programming, whil e a very rigorous
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Interface design  27 3

activity, allow s fo r creativ e algorithm s an d creativ e interpretation s o f
algorithms. Two programs fo r th e sam e activity can b e as origina l an d
innovative as their authors. The scientifi c nature of logic, reflected i n the
scientific nature of the computer, implie s the ar t of reasoning  and allow s
for a n ar t o f computing  expresse d in elegant, balanced, optimize d codes .
Since th e recognitio n o f th e fac t tha t computer s ar e basicall y sig n
processing devices, not merely number crunchers, progress has been made
in freein g ourselve s from th e naive assumption tha t al l we have to d o in
order t o achiev e intelligent actions throug h device s i s t o duplicat e th e
structures of the human brain (the McCulloch-Pitts line of thought). The
functionalist (cognitive ) paradigm state s tha t essentially , softwar e i s t o
hardware what mind is to brain. This implies that thinking processes ar e
sign processes. ( A discussion o f this presemiotic paradig m i s beyond th e
scope of this article.) All that we know, we know through th e intermedi-
ary o f signs an d i n signs; an d al l tha t w e apply fro m ou r knowledg e is
semiotic in nature.

Based o n thes e elements , I  shal l introduc e a  generalize d concep t o f
interface an d the n appl y i t t o actua l compute r systems . First , I  shoul d
point out tha t interface, no matter what kind, specifies the optimal set of
signs fo r th e interactio n betwee n tw o entities , whethe r animat e o r
inanimate. In a limited sense, user interface specifies the action the user is
supposed t o take in order t o access different part s of a system accordin g
to the design of the conceptual mode l upon which that particula r system
is based (se e Figure 5).

Figure 5 . Interface

Cars, radios, dishwashers, vending machines, etcetera al l require inter-
facing in order to be optimally used. Eac h requires a certain sequenc e of
actions tha t allow s fo r th e pragmatic s o f usin g it . I n th e cas e o f
computers, Meyrowit z and Van Dam (1982 ) ascertained tha t use r inter-
face, together with the conceptual model, constitute the interactive editor.
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274 M . Nadin

According to this conception, use r interface comprise s the input devices,
the outpu t devices , an d th e interactio n language . I n wha t follows , thi s
view will  be contradicted, sinc e I consider the interactive editor itsel f an
interface. Moreover, every  point of contact between the computer and the
user wil l b e integrate d i n th e extende d mode l o f use r interface , fro m
product desig n t o servic e (support , documentation , tutorials , seminars ,
packaging, etcetera). By extension, a manufacturer of computers interacts
with th e market throug h numerou s constitutiv e interfaces or, a s I  shal l
argue, throug h the language  o f the product an d o f everything participa-
ting in its marketing (see Figure 6).

The Computer
Corporation
and its products

Corporate Language

interface

product design

service/support

advertising

documentation

tutorials

seminars

packaging\etc.

\

Ϊ

The Market:
users and
potential users

Figure 6. Generalized  interface model
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Interface design  27 5

What makes things a bit more complicated i n comparison t o the most
common socia l forms o f interfacing through the intermediary of natural
language (the most complicated semioti c system that we are aware of) is
the fac t tha t user  interface  i s part o f th e computer system.  As we know, it
participates in , an d sometime s supports , proces s interfacin g amon g
different component s of th e system . Top-level interactio n wit h the use r
through the formal programming language also fall s within the sphere of
user interfac e activity . Accordingly , use r interfac e shoul d allo w fo r th e
personal user model to be formed while the user learns the language of the
interface. In the spirit of Chomsky's generative grammars, we understand
language as a generative mechanism give n in the form of a grammar to be
applied to a vocabulary. (A strict mathematical definition is not necessary
in thi s context. ) Quit e often , th e persona l use r mode l differ s fro m th e
conceptual mode l upo n whic h use r interfac e i s developed . Althoug h
operationally different , th e user model and th e conceptual mode l should
remain logicall y consistent. This i s accomplishe d —  whe n i t i s accom -
plished — by the semioti c system of user interface .

In order to give an idea of how semiotic methodology ca n be applied, I
shall concentrate on a rather common example: the so-called offic e system
computer. Firs t o f all , i n orde r t o procee d wit h the design , we have t o
identify th e sig n tha t constitute s th e interfac e (o r th e languag e —  see
Figure 7).

Representamen
That which represents
User interface and applications

Object Interpreter n
That which is represented Th e conditions for use and evaluation
Type of computer system (functions , contexts, values)
Examples: Office system

CAD system
Videotex system, etc.

Figure 7.

The premis e for considerin g a  computer' s interfac e fro m a  semioti c
viewpoint i s that i t represent s a  complex  sign system,  a  language.  Mor e
precisely, it represents a system we interpret as an emulation of the office.
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276 M . Nadin

The pragmatics results from th e functions mad e available (wor d process -
ing, ledger, listing, etcetera). Everythin g used in this representation o f the
office constitutes part of a repertory, while the rules of usage, as applied in
the process o f interfacing, define th e grammar o f the interface language .
The fina l resul t tha t th e designe r an d use r loo k for , onc e th e produc t
becomes available , is not the value of true or false, as in formal logic, bu t
meaning. Thi s bring s on e mor e definitio n o f semiotic s t o expression :
semiotics is the logic of meaning. As such, it approaches the laws of sign
processes mean t to convey a certain meanin g to an intended interpretan t
(that is , th e process  o f interpretatio n i n whic h variou s user s becom e
involved, th e us e o f th e system) . I n orde r t o desig n th e interfac e
(representarnen = that whic h represents) , the low-level  protocol has t o be
established. An offic e i s the unity of the environment,  tools,  supplies, an d
activities which make possible the execution of the pragmatics defining the
specifics o f each particula r office . Ther e i s no suc h thin g as a  universal
office. Ther e ar e differen t type s o f offices , an d whe n a  compute r i s
identified a s a n offic e syste m (IBMs, DECs , Wangs) , thi s identificatio n
opens th e door t o interpretation an d differen t uses . The lis t to follow , a
low-level protocol description , present s an office a s our societ y consider s
one to be (Table 1) . Once a decision for specialization (insurance , financial
planning, law practice, etcetera) is made, under th e assumption tha t th e
production o f a  specialized computer i s justified, the description become s
more specific. In other contexts (the European market , Fa r Easter n offic e
activity, etcetera), th e low-level protocol wil l look slightl y different .

Sometimes, the way to proceed, especiall y when the visua l componen t
is desired for the intended interface, is to consider a  visual representatio n
of th e offic e (se e Figur e 8). Bu t a n offic e i s no t a  collectio n o f files ,
typewriters, calculators, and so forth — it is not a collection of hardware,
but essentiall y an environment  where communication (exchange of docu-
ments, storag e and retrieva l of data , planning , etcetera) i s possible an d
necessary. Thi s i s ver y importan t an d explain s wh y offic e system s
successful i n supportin g individua l office wor k bu t no t communicatio n
have never really made it in the market. Lisa®1 is an example that comes
immediately t o mind.

After definin g the interface sign and specifyin g it s elements with the aid
of low-leve l protoco l description , the nex t ste p i s t o defin e th e typ e of
representation (iconic , indexical , symbolic) and th e typ e o f comman d
(prefix, postfix , infix) . Th e tw o aspect s ar e interrelated . Until the Pal o
Alto Researc h Cente r unveile d it s the n origina l iconi c interfac e (th e
Alto®2 station) , th e main type of command wa s th e prefix . Basically , a
prefix command specifies first the verb (operation) an d the n the object of
the operation. I t requires a predicative language as its interface language.
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278 M . Nadin

Table l . Low-level  protocol description  o f an office

Environment

physical spac e
— architectural
— interior

space filled with
objects (rugs ,
furniture,
plants, pictures,
tools .  . .)

lighting
— natural
— artificial

human interactivity
— with personne l
— with client s

communication
environment
controlled
environment

— with specifie d
areas

— with rules
inside outsid e

— with rules fo r
legal entity
public environment

Activities

typing
editing
dictating
formatting
accounting
payrolling

— employees
— sales
— expenses

calculating
financial modelin g
cutting/pasting
representing
planning
tracking

— inventory
— schedules

analyzing
preparing task s
developing task s
meeting
presenting
serving
informing
communicating
answering questions
telephoning
advising
controlling (quality)
filing
retrieving
listing
reporting
centralizing
keeping records
inventorizing
recording
performing
cheating
hiding
working in private
pretending
entertaining
living

Tools

furniture
--desk(s)
— chair(s)
— shelving
— storage cabinets
— supply cabinet s
— file cabinets
— safe

machines
-<x>py
— dictation
— shredding
— binding
— typewriter
— calculator
— paper cutter

stapler
scissors
letter opener
rulers
straight edge
protractor
desk lamp s
clock
telephone
trays

— in/out
—letters

waste baske t
tape dispenser
file organizer
desk organize r
clipboard
rolodex (open car d
files)
business card file
hole puncher
light table
magnifying glas s
postage scal e
desk pad/blotte r
calendar
telephone books
dictionaries
secretary's handbook
thesaurus
copy stand
numbering/date stam p
rubber stamps
stamp pads/stamp ink
decorative pictures
objects

— plants
—rugs

Supplies

pencils
—black
— colored

pens/markers
—black
—gray
— colors

erasers
liquid pape r
glue
paper

— plain
— graph
— colored
— tracing

carbon pape r
acetate sheets
spread/ledger sheet s
stationery
invoice forms
billing forms
memo pads
telephone pad s
labels
stickers
file folders
binders/cases
tape cassette s
rubber band s
clips/paper clip s
tapes
(clear/masking)
string
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Interface design  27 9

The postfi x comman d doe s jus t th e opposite , allowin g firs t fo r th e
selection o f the objec t an d the n fo r th e desire d operation . I t require s a
subject-oriented interfac e language ; tha t is , i t make s possibl e a  visua l
language. The infi x comman d implie s the existence  of severa l operands ,
each actio n bein g virtuall y connecte d t o suc h operands . Sinc e th e
sequentiality o f computer strin g processin g i s a  structura l give n — an d
natural languag e is sequential —  th e firs t attempt s t o desig n interface s
accepted th e sequential paradigm. Th e relation betwee n the user an d th e
computer typically followed the pattern o f typing in text strings (as close
to natural language as possible) for names (commands) an d for operands .
To ensure a certain feedback, the strings were (and stil l are) echoed o n the
output devic e (printer , screen ) afte r bein g processe d b y th e editor .
Enough has been said about the limitations of this interface methodolog y
and enoug h researc h ha s gon e int o improvin g i t (functio n key , bette r
emulation of natural language, 'intelligent' editors, etcetera ) tha t it is not
necessary to reopen the discussion here . The postfix command opene d th e
way fo r menu-oriented interfacing — that is , for multipl e choice fro m a
number o f strings and/or visua l image s (mainl y iconi c an d representin g
objects or actions). Less has been said and les s is known in respect t o th e
limitations o f suc h interfaces . Fo r instance , i n man y action s and/o r
objects require d t o perfor m a n intende d computation , th e distinctio n
between objec t and actio n i s not alway s clear-cut, response time s some -
times increasing beyond the time of the operation itself . (A separate stud y
is necessar y t o dea l wit h suc h limitations. ) Semiotic s applie d t o th e
example o f a n offic e syste m allow s fo r designin g th e se t o f primitive s
(visual, verbal ) tha t wil l constitut e th e interactiv e edito r language .
Figure 10 displays a possible design strategy. What w e see in Figur e 9 is

i
object

I
I

storage

Interactive
Language

1

1

tools

profile cloc k
diskette calculato r

1

action

filp
print
edit
layout page
arrange
etc.

folder clipboar d
document stationer y

Figure 9 . Model  o f interface  language
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280 M . Nadin

that th e machine's availabl e computing capacity i s supposed t o suppor t
the generation , modification (addition, deletion , editing , etcetera) , stor -
age, retrieval, comparison, and so forth of texts, tables, diagrams, line art,
drawings, o r othe r compute r programs . Actually , th e thre e basi c sig n
operations o f substitution,  insertion,  an d omission® 3 cove r th e entir e
gamut of operations the computer performs. (Simon gives a list: recoding,
storing, copying, moving, erasing, comparin g symbol s withi n these one -
thing-at-a-time systems. ) What shoul d b e pointe d ou t her e i s tha t th e
design o f interfac e i s a  matte r o f semiotic  consistency  — tha t is , o f
uniformly usin g whatever means o f representatio n ar e considere d ade -
quate. For instance, choosing visua l representations of objects (as icons)
and representation s o f action s throug h word s (i n pop-u p menus ) i s a
decision tha t makes sense only if implemented consistently.  Some of th e
interfaces currently available lack this characteristic, exposing the user to
awkward an d confusin g conventions. Interpretatio n i s th e issu e here .
Among the factors involved in the semiotic process o f interpretation, th e
amount an d type  o f signs interpreted pla y a n importan t role . Basically,
amount influences the time required to process (thought processes) , while
type affect s th e kind  o f processes . Severa l visua l interface s depic t th e
calculator, fo r exampl e ( a simplisti c option , bu t nevertheles s a  goo d
example). Th e representatio n i n Figur e 1 0 visualizes th e ide a presente d
above.

Recognizing tha t th e squares o n a n ico n calle d 'calculator ' ar e 'real '
buttons involve s a  thinkin g proces s fa r fro m th e commo n thinkin g
adapted t o th e convention s accepte d an d culturall y acknowledge d i n
using a  computer. The LED-type of display and th e number s displayed
are a kind of convention-over-convention. The user is confronted with a
real calculator and a representation (iconic ) of a pocket calculator. This is
a difficul t semanti c situation, similar to the one we would face if some of
our words were at th e same time the object s the y denote! Th e user , n o
matter how willing to accept new conventions pertinent t o the computing
environment, enter s thi s environmen t with th e cultura l conventio n ac-
cording t o whic h a  sig n i s no t th e sam e a s th e objec t i t represents .
Moreover, since the convention is not even uniformly applied (that is, the
other sign s are no t simultaneousl y representations an d th e object s they
represent), the pragmatics of such a use r interface is affected. Typ e and
amount of interpretation are related to the kind of command used (prefix ,
postfix, infix , cross-product , etcetera) . A  metaphori c explanation ( I a m
indebted to Leif Allmendinger for this metaphor) might serve us here. The
prefix comman d i s 'governed' b y a  'regime ' tha t i s very 'repressive' . I n
such a case, t o specify lexeme s means to remember th e exac t form of an
ever increasin g (and sometime s changing) set o f commands , o r a t leas t
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their abbreviation s (s o differen t fro m on e syste m t o another) . Eve n i f
prompts ar e provided whe n equivocal command abbreviation s ar e used ,
the built-in restrictions cannot be overcome. 'Dissident' use is prohibited.
Information o r string s of signs typed in for processing, bu t 'prefixed ' fo r
nonsupported action , disappea r withou t trac e (sinc e savin g i s usuall y
possible after processin g an d before changing from one mode to another) .
IBM's CMS editor an d DEC' s SOS editor ar e offhan d examples . Using
function key s o r specia l key s i n 'shift ' save s typing , bu t th e system' s
permissiveness is not increased . The onl y friendlines s come s throug h the
error messages , sometime s s o cut e tha t th e use r become s eve n mor e
frustrated. Still , most use of the system according to the rules of the mode
selected cause s n o interferenc e i n th e user' s routine . Thi s comman d
'regime' govern s 'brutally' , althoug h the amoun t o f 'governing ' i s rela-
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lively small . Th e semioti c distinctio n betwee n typ e an d amoun t o f
interpretation thu s extend s fro m th e repertory  o f sign s use d (languag e
messages, images, menus, etcetera) t o the rules  governing sign operation s
in a  give n interface . Th e sam e hold s tru e fo r th e postfi x comman d
(modeless computing environment). Along the line of the same metaphor,
one can say that this command is similar to a 'benign regime' that governs
broadly. There is no real 'repression' in respect to choosing an object, yet
every user is bogged down in a relatively great amount of 'red tape' — for
instance, a long sequence of operations prescribed b y the successive filters
that ar e par t o f the interface . The logica l desig n i s such tha t th e edito r
makes availabl e onl y actions tha t ma y be taken a t th e system' s curren t
state. There.ar e no mode-relate d erro r messages , sinc e filters substitute
modes. Th e infi x comman d doe s no t requir e extra comment sinc e it is a
cross between prefix and postfix. It is suggested especially when more than
one operan d ha s t o b e considered . Computer s suc h a s Xero x Star® ,
Intran®, an d Lisa ® added th e interactiv e edito r formatte r t o th e postfi x
command that is part of the interface language: 'What you see is what you
get'. Whil e thi s i s a  welcom e quality , soo n t o b e adopte d b y othe r
computer designers , i t ha s th e drawbac k whic h Bria n Kernigha n iden -
tified a s 'What you see is all you've got'. It is uninformative and give s no
clues as to wha t influence s a certain format , why some changes ar e no t
possible, and why there is no consistency between the different formatting
capabilities o r betwee n th e differen t application s used . Th e filterin g
templates used in such an interactive editor formatte r are as important as
the input message s i n the prefi x commands . O n most availabl e systems ,
the semantics of the templates i s confusing, not consistent with the visual
representation o f the objects , locations , o r th e pop-up menus of action s
(based o n a n interfac e such a s Smalltalk ® and supporte d b y a  pointin g
device connected t o the cursor o r current position independent manager) .
Another limitatio n affectin g th e us e of visua l language result s fro m th e
aliasing condito n o f raste r graphics . I t ca n b e compensate d eithe r b y
increasing the density of pixels (which results in higher costs in computer
memory) or b y using multiple bits per pixel (grey-scale displays) . Thi s is
not only a hardware issue. The higher the quality of images, the better the
possibilities to generate a visual language for the interface and to suppor t
high quality applications .

The field of human factors in computer systems , 'an unruly mixture of
theoretical issues and practica l problems ' (Schneide r and Thomas 1983) ,
developed a s a result of the difficultie s compute r scientist s and engineer s
face whe n considering th e relatio n betwee n the system s they buil d an d
their potential users. Psychological concepts were brought into the picture
first, and previou s observations on th e interaction between humans and
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various tool s an d machine s wer e applie d (no t unsuccessfully ) t o a
technology ver y differen t fro m an y previou s one . Wha t wa s no t con -
sidered was the fact tha t signs and sig n processing represent the common
underlying principle of both human interaction with computers and of the
computer, ' a membe r of an importan t famil y o f artifact s called symbol
systems' (Simon 1982) . Since the technology upon and for which we build
interface change s ver y rapidly , pan-logica l semioti c principles , i n thei r
breadth an d depth , provide a  foundatio n fo r improve d interfac e desig n
(user an d proces s interfaces) , for instanc e in the desig n of software and
hardware.

Since hardware issues are too often approached independently of future
software applications, and since the integration of software is not possible
without better adapted hardwar e design , I  would like to dea l wit h thre e
aspects pertainin g to this : principles t o b e observed i n selecting compo -
nents of interface language; aspects of man-machine communication (the
semiotic paradigm versus the information paradigm o f communication) ;
and th e 'language ' o f a computer an d th e various interfaces involved in
the pragmati c user-compute r relation . On e thing should b e made clear :
while underlyin g principle s ar e relativel y independen t o f technology ,
semiotic principles , as they refe r t o sig n processing, becom e technologi -
cally dependent when applied. This reflects the law according to which the
pragmatics of the sign is context sensitiv e (Nadin 1981) . There i s no way
to avoi d th e consequence s o f thi s law. Effort s i n th e directio n o f bette r
programming (sometimes for th e sak e o f programming) o r highe r tech -
nology (sometime s fo r th e sak e o f technology ) ar e quit e impressive .
Programming an d technolog y ar e interwoven , an d wha t weave s them is
our us e of signs, our de-sign  ( a spelling that emphasizes the intensive use
of sign s i n desig n activities) . A s mentione d above , interfac e issue s ar e
issues o f interpretatio n (pragmatics ) a s relate d t o th e variou s type s of
signs used in interface. Recognition o f the object represented i s based o n
two complementar y processes : (1 ) recognizin g part s o f th e objec t i n
relation t o eac h othe r an d t o th e whol e and arrivin g a t som e inference
based o n thei r interrelationship ; an d (2 ) recognizin g th e whol e an d
inferring from th e whole to the parts. We know that signs are constituted
of structura l component s i n a  limite d numbe r o f ways . Fo r instance ,
major structura l component s o f visua l sign s ar e shape , contour , color ,
and texture . If an object is distinct enough, shape alone may be sufficien t
for recognitio n (a n observatio n tha t interfac e designer s usin g visua l
representations sometimes apply). I shall exemplify thi s by referring again
to th e calculator (see Figure 11) .

Pictographic representations are very concrete, almos t so concrete that
if the context changes and the user is presented with a different pictogram
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Symbols may evolve from pictographic representations.
As the symbol becomes more abstract,
it also becomes more recognizable.
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iconic sign- symbolic sign

Figure 11 . Evolution  of a  sign representation

(for instance , one of a solar battery calculator), h e will have difficulties i n
'using' the sign. The semiotic level is reached when the conventionality of
the sig n becomes evident . (Conventio n mean s here a s convened,  agreed
upon, and accordingly shared in a given social context, in a culture). Onc e
the convention is recognized, the next step in interpretation i s associating
sign an d function . Onl y a t thi s momen t doe s th e use r integrat e th e
component o f a n interface' s repertory i n wha t th e designe r intend s th e
language to become. There is no such thing as man-machine communica-
tion; thi s is a way of speaking, a  way of anthropomorphizing machines .
Communication i s th e semioti c activit y tha t bring s use r an d designe r
together. Once the user accepts a language, he will apply i t according to
the rule s the designe r embedde d i n th e interface , and their  communica -
tion, mediate d b y a certai n machine , wil l tak e place . Obviously , under -
standing wha t a n ico n represents , a s oppose d t o wha t i t pictures , i s
essential for designing user interface language. (The diagrams in Figure 4
can b e helpfu l i n emphasizin g wha t I  hav e alread y explaine d abou t
different way s of representin g an objec t with a sign. )

Once this is understood an d consistently applied, we can decide on one
type of interface or another, or on a mixture of representations. Regardless
of our  choice , wha t is  importan t is  understandin g the  differen t sig n
processes (differen t 'grammars' ) tha t characterize the three fundamental
types o f representation . Th e exampl e of th e calculato r (Figur e 10 ) can
again b e helpful . Word s ca n b e used a s well ; and a t th e extrem e of th e
symbolic representation , on e ca n ad d th e wor d calculator  o r som e
abbreviation.

The initia l ste p i n designin g a  use r interfac e i s t o determin e th e
operations an d th e entitie s on whic h operation s wil l b e performed . I f
template filters should be used, the identification mus t consider object/lo-
cation a s opposed t o action/structure . Editin g filters are i n fac t devices
that perform the basic semiotic operations (substitution, insertion, omis-
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Interface design  28 5

sion) accordin g to specification s fro m th e use r o r th e system. The sam e
holds true for viewin g filters (used t o specif y area s o f a  document t o be
viewed an d t o generat e viewing buffers). Th e editin g and viewin g filters
are semioticall y equivalent ; functionally , the y ar e sometime s identica l
(screen editors) , disjoint , partially overlapping , o r properly containe d i n
one another . Thi s i s par t o f th e pragmatic s o f th e interface , an d
necessarily relies on hardware specifications. From a semiotic perspective,
which emphasize s th e unit y betwee n functio n (interpretation , content ,
use), syntax , an d semantics , ther e i s onl y on e wa y t o procee d i n
approaching interface : as part of the system, not a delayed addition t o it.
Despite its qualities, the Apple IIC (one among several possible examples)
shows what happens when an interface concept i s adopted primarily for
marketing purposes . Th e desig n procedur e i s exactly th e revers e o f th e
interpretive proces s th e use r goe s throug h whe n dealin g wit h use r
interface language. Only after the appropriate functions are determined is
it usefu l t o consider how those functions translate in computing conten t
and memory-related issues (such as semantics), and furthermore, how this
content wil l b e represented. I f the pragmatics of the syste m leads t o th e
conclusion tha t visua l representations (fo r example, icons ) ar e justified,
design shoul d b e considered onl y in th e greate r contex t o f the language
system. I  would insis t tha t designe d interfac e language be , in principle ,
formal. Thi s mean s tha t th e languag e shoul d functio n accordin g t o a
logical structure whic h the user can grasp an d which , while adhering t o
the spirit of computing logic, should not contradict so-called natural logic
(cultural backgroun d a s th e environmen t o f huma n logic) . O f course ,
voice inpu t device s —  a subjec t impossibl e t o ignor e whe n predictions
present thi s alternativ e a s almos t availabl e —  d o no t mak e thi s tas k
easier. I n th e cours e o f usin g a  give n interface , th e use r acquire s a
progressively higher level of competence, an d user performance improves
accordingly. In respect to this, a certain influence, quite often overlooked,
is exercised by the type of computing environment: stand-alone (becom -
ing mor e pervasiv e i n th e market) , distributed , o r time-sharing . Th e
constraints each type imposes on the design of the interface should also be
accounted for when the sign representing the system is constituted — not
after everything else has been defined. Man y computers, especially stand-
alone units, are offered wit h all kinds of 'cosmetic' interface contraptions
added unde r marketin g pressures . Thi s quit e ofte n affect s th e user' s
performance an d add s t o th e confusio n alread y disseminate d b y th e
rather chaoti c compute r market . N o interfac e language i s an entit y in
itself, eve n i f i t enter s th e marke t wit h th e backin g o f th e larges t
companies. In one form or another, they all refer to everyday language(s),
the so-calle d natura l language , an d t o th e language s o f gestures , trade -
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286 M . Nadin

marks, etcetera. In extensions of user interface (documentation, tutorials ,
seminars, support, and so on), this aspect is even more obvious. While the
conceptual mode l of a system is the premise for the coherence o f interface
language, ther e is  actuall y nothin g tha t guarantee s suc h coherence .
Knowing tha t th e use r i s actuall y represente d b y a  divide d cognitiv e
structure, i n which sequence an d configuration (tha t is, time-related an d
space-related perception s and activities) are not homogeneously supporte d
by the brain, we should be able to design interface in such a  way as not t o
affect th e balanc e o f these two basi c cognitive modes .

Research i n semiotics , within the genera l framewor k o f th e theor y o f
learning, has made quite clear tha t comprehension o f a specific system of
signs means identification of the structure o f that system . The 'transpar -
ency' o f interface is not onl y a  cognitive quality , bu t als o a n emotional
quality, a  fac t impossibl e to ignor e as long as we have human being s in
mind when we talk about the user. In order to be made mor e apparen t t o
the user , interfac e language shoul d us e (1 ) concrete  representation s o f
objects and storage , an d (2) operation representation s tha t relat e directly
to actions . Concretenes s an d directnes s mus t b e expressed a s clearl y a s
possible. Sometime s th e vehicl e o f languag e i s bette r adapte d t o thi s
exigency; other time s images or sounds are more effective . O f course, the
proof o f adequacy  i s i n th e us e a s such . So-calle d integrated  softwar e
packages attempt to support various activities. More often than not , suc h
packages lac k the abilit y to relat e adequatel y program s whic h are goo d
when taken independently but fai l when combined becaus e the y were not
conceived fro m a n integrate d semioti c perspective . Pseudo-integratio n
becomes obvious i n different instance s o f running suc h programs . Error
and warnin g messages ar e example s o f thi s unfortunat e characteristic .
Usually, an alert  file concentrates thes e messages, bu t i t is the routine of
the aler t manage r designe d t o displa y them . Typically , a n hou r glas s
suggests waiting , despite th e fac t tha t i n ou r cultur e th e hourglas s i s a
symbol fo r time , no t fo r waiting . Erro r messages , usuall y anthropo -
morphized, reveal that each program was conceived independently, with-
out an y integration goals in the designer's mind. Confronted wit h a  user
who naturally integrates all his activities, manufacturers discovered that it
is easier to 'unbundle' the 'integrated' package, then to 'improve' it (so they
promise), than i t is to 'redesign ' it (from scratch),  a s would be necessary.

User interface contains the so-called input and outpu t device s and th e
interaction language as it is developed from/with th e conceptual mode l of
a give n syste m plu s extension s (documentation , tutorials , seminars ,
support, etcetera). Obviously, the design of such components (keyboards ,
tablets, ligh t pens , paintin g devices , printers , an d s o forth ) integrate s
product desig n considerations, ergonomy, psychology, marketing, etcet -
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Interface design  28 7

era. Onc e again , th e unit y o f hardware-softwar e an d thei r reciproca l
influence becom e critical. Needless t o say , no system available today , a s
far a s w e know , wa s designe d t o integrat e suc h divers e components .
Dealing with a pointing device — like the 'mouse' — as an independent
component (ther e ar e manufacturer s tha t specializ e in 'mice' ) mean s t o
contradict th e basi c requirement s tha t ensur e th e consistenc y an d ade -
quacy o f interface. There is nothing wrong with specialized manufacture
— of 'mice' (mouses?) , hard dis k units, or other interface components —
if a unifying and integratin g design serves as premise. But this is rarely the
case. Wha t usuall y distinguishe s suc h component s i s merely th e trade -
mark or , i n bette r cases , th e softwar e used t o interfac e them wit h th e
system. Use r interfac e language, togethe r wit h all othe r components , i s
supposed t o help in (1) pattern recognitio n (of one sign or a combination
of signs) ; (2 ) associating signs during use of the syste m accordin g t o th e
designed synta x defined through th e conceptual model ; (3) expansion to
other applications provided b y the computer manufacturer (IBM, Digital,
Data General , etcetera ) o r b y independen t softwar e developer s (which
frequently rid e 'piggyback' on a successfu l system) .

A method developed specificall y for uniformly dealing with all compo-
nents an d thei r interrelatio n i s the semiotic  matrix®* I n thi s matrix, the
basic user-syste m relatio n ca n b e represente d i n a n interdisciplinary,
integrated way. The concept of interface is expanded to all those instances
of th e mediatin g effec t o f usin g sig n systems/languag e fo r proble m
solving and/or communication. This expanded concept is not the mechan-
ical resul t o f examinin g th e matri x o f components , bu t a  desig n tha t
accounts fo r such components . A product's look an d functionalit y are a
continuation o f user interfac e and ar e related t o every other interface of
the system . For instance , input/outpu t devices are quite often influence d
by produc t design . In th e cours e o f product design , either the forma l o r
the functiona l approac h dominates , whil e semioti c consideration s (re -
garding the semiotic unity of the interface) ar e ignored. User-friendlines s
— usuall y mor e a  marketin g pitch tha n a  verifiabl e qualit y — does no t
automatically becom e user-friendlines s in term s of physica l and mental
aspects o f working with a system, programming it , or simply using some
of it s routines . While the proble m o f the use r is central to th e design of
user interface , th e semioti c matrix tries to solv e the problem of definin g
the use r (Figure 12) . But we have to be more precise and conside r all the
elements to which the user relates. This can be represented at the system's
level (se e Figur e 13) o r a t th e conceptua l leve l (se e Figure 14), in whic h
case i t become s obviou s tha t eac h use r wil l for m hi s ow n mode l whe n
using a  give n computer . Th e mode l develope d b y eac h particula r user
(influenced b y manuals , guides , tutorials , etcetera ) i s th e produc t o f
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288 M . Nadin

Figure 12 . Semiotic  matrix defining  th e user

Figure 13 . User  related  elements  a t th e systems level

Computer Literacy

Shared Conceptual Model

User's Conceptual Model
Conceptual Model

of Interface

User's PREconceptions

Figure 14 . User  related  elements  a t th e conceptual  level
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Interface design  28 9

'learning' the system or being 'taught' how to use it. Generally speaking ,
the user employs interface according to the semiotic interpretatio n give n
to th e interface . This  interpretatio n i s base d o n eac h user' s model .
Preconceptions influenc e thi s model ; s o d o othe r semioti c contexts :
cognitive skills , emotional factors , estheti c components , an d s o on .

Computers are basically used for problem solving , a fact that should be
considered carefull y whe n communicatio n issue s ar e approached . A s
opposed t o othe r tools , th e compute r i s almos t a  'universal ' proble m
solver. This means that th e tool ca n be adapted t o various tasks through
its programs. There is no need t o step down from th e high-level language
of programming to low-level protocols dealing with the concrete problem .
Adaptation o f the tool to the problem take s plac e throug h th e intermedi-
ary o f th e differen t interface s tha t ar e par t o f th e syste m an d tha t
simultaneously connec t i t wit h oute r environment s (th e user , othe r
systems, communication networks , etcetera) . Program s ar e abstract enti -
ties that obey formal rules. Editing a document, fo r instance, is a concrete
activity i n whic h th e use r cause s th e abstrac t entit y DOCUMENT ,
approachable throug h interface, to have a concrete reality: i t will receive a
name; i t wil l consis t o f a  text ; i t wil l b e edited/formatted i n a  particula r
way, etcetera . I n short , usin g a  compute r mean s t o mak e th e abstrac t
concrete. Correspondenc e t o th e rea l worl d (a n office , fo r example ) i s
ensured throug h th e semiotic convention s o f the interface and primaril y
through th e convention s o f likeness  j resemblance i n th e min d o f th e
intended user .

The commo n representatio n o f th e user  distinguishes th e novic e fro m
the experienced user. This is a linear representation, very comfortable, but
not necessaril y appropriat e (se e Figur e 15) . I t implie s that a  novic e will
sooner o r late r becom e a n expert , a  suppositio n tha t i s fa r fro m
confirmed. I t als o implie s tha t onc e initiatio n i s over , th e exper t must
work with the limitations, inherent in the system, that made it approacha -
ble to th e novice . A more complex model is necessary, one which at least
does no t contradic t th e knowledg e th e use r accumulate s whil e working
with variou s computers. Althoug h experienc e i s important , a  semioti c
property of computer-aided activity is that in order to understand and use
sign systems , a use r has t o brin g into the activit y comprehension gained
from culture and general education. The improved user model is supposed
to hel p th e designe r o f interfac e evaluat e hi s choic e o f sign s (se e
Figure 16) . The two-dimensiona l matrix ca n b e improved , first of al l by

Naive Experience d

Figure 15 . Simplified  user  model
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Figure 16 . Improved  user  model

Experience
High

involving other qualities that hav e proved essential i n computer us e and
are acknowledge d i n compute r culture . Imagination , t o giv e jus t on e
example, play s a n importan t rol e i n programmin g an d i n runnin g
programs for some stereotype applications or adapting program s t o new
functions (se e Figure 17) . The fuzz y natur e of some elements also has t o
be considere d i f w e indee d inten d t o dea l wit h a  use r a s concretel y
determined a s possible. A n interface that lead s to a  fas t levelin g of user
performance is the result of unacceptable simplifications in the designer' s
idea o f th e futur e use r (the interpretant  i n th e comple x sig n the system
represents). Perhaps the matrix should also deal with how we quantify the
cognitive modes of human thinking. Whether or no t th e distinction left -

High
ι

I
1

High\&
Low Experience High

Figure 17 . Suggested  user model: a multidimensional matrix
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right hemispheres of the brain can be sustained — an issue very much on
the minds of psychologist s an d cognitiv e scientists — we cannot ignore
the semiotic observation tha t sign s can be structured in sequence (arrays
of symbols) or configuration (for instance, visual constructions). The two
modes in which we perceive an d organize information are reflected in the
characteristics of thei r interpretation . A s far a s we know, human beings
process symboli c information mainl y sequentially . Computers functio n
the same way (Figure 18) . Configurational systems of signs are processed
in a parallel way. In the first case, a predominantly analytical dimension is
apparent; in the second, a synthetic dimension. In sequential processing of
signs, ther e i s a  dominan t attemp t t o differentiate ; i n configurationa l
processing, integration dominates . Tim e is related t o sequenc e (our time
representations ar e sequential) , whil e space i s related t o configuration .
The tw o modes ar e interrelated , interfer e with, or tr y t o suppres s eac h
other; unde r certain circumstances, they enhance eac h other . To involve
the use r i n a  homogeneou s environmen t —  tha t is , t o avoi d abrup t
switching from on e mode to the other — is a minimal requirement almost
consistently ignore d b y interfac e designers . Eve n whe n th e designe r
provides a  pointin g device , suc h a s a  mouse , som e user s wil l rel y o n
emulating key s i n orde r t o avoi d swif t change s tha t hav e prove n
exhausting. A  secon d requirement , reflectin g the fac t tha t user s ar e s o
different, i s to give the user a  choice of dominant mode. Cooperation o r
interference between the basi c cognitive modes takes place through both
hardware an d software . (Se e Figur e 19. ) Physica l propertie s (o f th e
keyboard, display, printer, pointing device, etcetera) are but an extension

System User Interface

Mouse

• e

Figure 18 . Sequential  processing  o f symbolic  information.  .. . = sequence mode ;
— configuration mod e
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292 M.Nadin

Figure 19.

of th e propertie s o f th e syste m i n it s entirety . Whil e estheti c an d
functional criteri a ar e difficul t t o codify , the y are par t o f th e interface .
Actually, t o provid e a  reall y user-friendl y interfac e mean s t o mak e
possible no t everything , bu t onl y wha t i s acceptable . Estheti c an d
functional acceptability , as well as cultural adequacy , are becoming ever
more critica l qualities . Only a  superficia l designer , on e who targets the
lower level of the market, would think that cultural adequacy is reducible
to emulatio n o f character s use d i n foreig n languages . Unfortunately ,
almost nothing is ever attempted beyond this. (IBM is a rare exception,
AT&T a promising challenger with impressive user interface accomplish-
ments). Typically , designer s approachin g interfac e issues , particularl y
communication aspects , ar e obsessed wit h quantitative aspect s o r make
intuitive decisions. Neither can be ignored, but to reduce interface issues
to quantity or to some irrational 'whispering ' into the ears of the 'gifte d
few' is unacceptable. Knowing that communication i s a semiotic activity,
we can rely on semiotic principles in order to improve the communication
functions o f interfaces .

The information theory approach o f Shannon and Weaver (1947), long
the dominan t mode l i n th e theor y o f communication , identifie s source,
encoder, channel,  noise, decoder, an d receiver  (see Figure 20).

The observe r ca n inser t himsel f a t eac h sequence , conveyin g hi s
observation in metalanguage. Parameters suc h as entropy  o r redundancy
(of th e message) , whil e pertinent t o 'messages ' move d bac k an d fort h
during compute r use , are no t th e mos t importan t an d d o no t begi n t o
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Source I Channel

I

Figure 20. Information  theory  approach  (afte r Shanno n an d Weave r 1947 )

reflect th e specifi c natur e o f interfac e activities . Eve n th e semioticall y
improved mode l is not adequate , althoug h th e rol e o f th e repertor y o f
signs use d i s in evidenc e (Figure 21). Th e overlappin g o f th e repertory
(attached t o th e syste m o r th e user ) i s a  necessary  conditio n fo r
communication, but not a sufficient one . Reasons exist for seeking a more
specific model to deal with the sufficient conditions . Such a model should
take int o accoun t th e fac t tha t th e communication t o tak e plac e i s not
homogeneous, and that mixed systems of signs, as well as different forms
of interpretation adapted t o these different signs , occur. A first represen-
tation, again identifying a  source and a receiver, introduces relations that
have remained unaccounte d fo r i n previous models . Here , th e medium
(CRT display , printe d output , sound , eve n voic e inpu t devices ) i s
important, as are the context and th e set of codes applied (fro m natura l
language codes , algorithms , an d binar y code s t o code s o f high-leve l
programming language s an d s o on) . Figur e 23 — inspire d mainly  b y

Figure 21 . Semiotic  information  theory  approach
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Code

Addresser
.Medium

Message
Medium

Addressee

Context
Figure 22.

Bühler's (1933) study of social communication and base d o n Jakobson' s
(1960) understandin g o f linguistic processes —  makes possibl e bot h a n
integrative (ho w th e whole  works ) an d a  differentia l (part-by-part )
approach. Severa l partial function s ca n be identified:
1. Th e function of communication — actually the function of maintain-
ing communication, identified  a s the phatic function.
2. Th e expressive function —  relating addresser an d th e message.
3. Th e metalinguisti c functio n — dealing wit h th e functionin g o f th e
code(s) use d (expressin g bot h th e addresser-cod e an d addressee-cod e
relations).
4. Th e pragmatic functio n — dealing with the contex t an d th e way it
influences communicatio n (relatio n betwee n addresser , addressee , an d
context).
5. Th e connative function —  representing the attitude o f the addresse e
toward th e messag e (imperativ e messages ar e quit e differen t fro m op -
tional o r query messages).
6. Th e design function — reflecting the way the addresser an d addressee
(in particular) relate to the medium.
7. Th e referential (or cognitive) function — dealing with the meaning of
the message.
8. Th e forma l (poetic) functio n —  pertaining to th e message' s forma l
qualities (synta x errors , fo r instance , ar e bu t a n indicatio n o f thi s
function).

Calude an d Marcu s (1981 ) offe r a  simplifie d versio n o f thi s tabl e o f
functions. Looking at a symmetrical communication structure , we have to
consider 8x 3 specifi c situation s relate d t o th e thre e basi c segment s
identified i n order t o obtain optimal design: user-computer, computer-
computer, an d computer-user. In the spirit o f Shannon, furthe r distinc -
tions shoul d b e accounte d for . Th e transmitte r formall y change s th e
messages by adapting it to the medium (encoding). Once the electric signal
arrives at the intended destination , decodin g — that is, reconstitution o f
the messag e i n a  for m adequat e t o th e compute r laye r addresse d
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Interface design  29 5

(processor, memory ) — takes place. I f we add her e the semiotic distinc-
tion o f th e thre e interdependen t level s of th e sig n (syntax , semantics,
pragmatics), we have a more adequate image, but one that is complex and
not eas y t o handl e in the design of a computer system.

Let us attempt a  short description o f the three segments mentioned by
Calude and Marcu s (1981) which constitute the user-computer interrela-
tion called, for th e sake of simplicity , communication (Figure 23).

User

User
Interface

Algorithm

I
Problem

Process
Interface

Computer

Computable
Function

Figure 23. Th e user-computer  interrelation

The message is the problem to be solved with the computer's help ; the
context and th e code ar e represente d b y the computable functio n whic h
describes the problem an d b y the program a s based o n som e known or
newly developed algorithm . A  minimal requirement is that communica -
tion b e maintaine d (th e phati c function) . Thi s minimu m proves quit e
complex (eve r hear d o f compute r crashing? ) an d involve s the relation s
among user-computabl e function , computabl e function-program , pro -
gram-computer, and user-computer. Some computable functions describe
a given problem bette r tha n others , bu t no t al l are equally computable ,
and i f i n principl e the y ar e computable , the n som e limitation s i n th e
hardware ma y affec t th e respons e time . Sinc e eac h syste m come s with
specifications impossibl e t o avoid , whethe r or no t th e give n syste m can
accept th e program become s a n issue ; and i f it can , ho w effectiv e i s the
program going to be? Finally, the messages meant for the user (and 'issued'
by th e computer ) shoul d b e concise , precise , an d understandabl e —
conditions easier to claim than to implement. I shall refer here only to the
connative function from among the others, mainly because interface issues
are concerned wit h the types of problems a  system is supposed t o assist
the user in solving . Two differen t form s of 'intelligence' are evident : the
'intelligence' buil t (wired) into the hardware and th e 'intelligence' of the
program. Several design decisions are expected in regard to error handling
(interface an d compiler , o r interfac e o f a n environmen t lik e LIS P o r
PROLOG), feedback t o th e user (how? what? why?), type of processing
(effective, virtual) , etcetera . Th e referentia l functio n i s difficul t t o ap -
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Program
and Data

1
Process *  Use r

Computer
Interface Computable

Function
Interface

User

Figure 24.

Operational
System

proach becaus e whil e the compute r i s a  Boolea n machine , th e relation
between th e concret e proble m an d th e computabl e functio n ca n b e
described i n modal, not binary logic. The expressive function, influenced
by the same two-valued logic, reflect s the state o f the art in deterministic
thinking, hopefully to be improved by the use of fuzzy logic or of the logic
of vagueness (see Zadeh 1984) . Looking from th e computer t o the user ,
we see a slightly differen t pictur e (Figur e 24). Obviously , th e referentia l
function o f this segment is the same as the metalinguistic function of the
user-computer segment . Two interesting aspects relat e t o th e expressive
function:
1. A s a  Turin g machine , th e compute r ca n dea l wit h th e computabl e
function ste p by step (one thing at a  time); that is , no evaluation o f the
entire functio n is possible.
2. Moreover , the computer evaluates only a limited part of the generally
infinite function , which brings into discussion th e so-calle d approxima -
tion o f th e infinit e b y th e finit e (i n compute r terms , th e evaluatio n o f
algorithms b y machines) .
Recently, artificia l intelligenc e concept s (Reichman-Ada r 1987 ) hav e
suggested ways to improve this function. The problem t o be approache d
in thi s respec t i s the presentation o f a computable function i n machin e
language. Operationally satisfactory definitions for computable functions
are fa r fro m bein g a  trivia l issue . Th e designe r o f interfac e (proces s
interface in this case) should be aware of the semiotic implications o f this
issue. W e ca n refe r t o compiler-relate d aspect s a s a  particula r cas e
pertaining t o th e sam e segmen t o f communicatio n (Figur e 25). Ver y
relevant here is the metalinguistic function, since what actually goes on is
'transition' (from programming language to machine language). We refer
to three semiotic aspects of such translations: I s it faithful? Ho w complex
is it? How efficien t i s it? Although the user is not distinctl y referred to in
this segment , th e forma l (poetic ) functio n i s ver y important. Th e pro -
gramming languag e influence s the wa y th e searc h fo r syntacti c error s
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Machine
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Process ?  Proces s

Computer
Interface Computable

Function
Interface

Computer

Program
and Data

Figure 25.

takes place and, in the case of more advanced systems, the so-called leve l
of gravity (permissiveness of the system) as well. Some languages support
this function bette r by allowing a higher level of gravity (that is, although
a program may have some errors, it is 'accepted' in the processing phase).
More recentl y developed programming languages provid e an improve d
formal function .

The las t segmen t t o b e considere d concern s th e compute r use r (se e
Figure 26). Basically , this segmen t deal s wit h th e wa y th e result s o f
computing (finite subset of the range of the computable function used) are
made available/communicate d to th e use r (assumin g that th e progra m
was accepted an d run and that the data was compatible with the software
requirements). Semantic considerations are prevalent in this segment. The
user ignores the metalinguistic function i f the program performs well. In a
debugging mode , thi s functio n become s ver y important . Fo r reason s
difficult t o understand, interface designers treat application environment s
and programmin g an d debuggin g environment s a s thoug h the y wer e
totally independent . Basically , thi s treatmen t make s severa l distinc t
channels o f communicatio n necessary , a  decisio n tha t deserve s furthe r
examination fro m th e hardwar e an d softwar e perspectives . Thi s issu e
brings me to th e last aspect o f the semiotics o f computer interface.

Everybody knows, or would agree, that a n effectiv e computer , an d i n

Program
and Data

Communi- 1
cation f
Protocol ^ Computabl e

Function

t
Memory

Output
Devices

Display
Processor

Figure 26.
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298 M . Nadln

general an effective device of any sort (car, radio, dishwasher, etcetera), is
more tha n goo d (o r goo d looking ) hardwar e o r goo d softwar e (eac h
device we use is driven by some sort of program). The bottom line is that
it shoul d allow fo r goo d us e (no t necessaril y easy o r friendly ) an d fo r
quality performance. The different ways users interact with such devices is
very important and should be accounted fo r in the design of interface. But
while we understand how the machines we build work, and even manage
to find ou t wh y their functioning sometimes seems 'irrational', w e only
partially understan d processe s i n whic h our thinkin g and emotion s ar e
involved. Som e progres s ha s bee n mad e i n understandin g behaviora l
aspects; cognitiv e processe s hav e bee n extensivel y and intensivel y re -
searched too. The results are frequently applied in the design of interfaces.
The followin g aspect s ar e routinel y observed : messag e fro m use r t o
computer, feedback , an d computin g an d retur n o f results . A s alread y
mentioned, interfacin g goe s wel l beyon d thes e aspect s an d extend s t o
everything a user wil l come into contac t wit h when using a syste m an d
getting output from i t (on CRT display, slide, film, hard copy, etcetera) .
Two attitude s regardin g ho w interfac e shoul d b e approache d ca n b e
identified:
1. Emulat e th e curren t huma n wa y o f thinkin g an d actin g o n th e
computer. ('It is important tha t the formal computer procedure s d o not
prevent the user from changing his representation o f the problem o r task
environment necessary to reach th e best solution'.5

2. Challeng e the use r with a totally ne w language, .thus with a totall y
new way of thinking and acting .
In both cases, a better understanding o f what languages are , how they are
used, and how they work is necessary. Interface is a semiotic issue on both
of the level s at whic h it takes place : proces s interface and use r interface .
Our expectations are reliability (with tolerance toward the user, if possible),
self-sufficiency, eas e o f use , an d adaptability . Al l relat e t o th e semioti c
qualities o f interfac e language . W e ca n distinguis h betwee n a s man y
languages, a s man y sense s a s we have. A  'taste ' statemen t ca n g o a s a
mixture of or succession from sour , bitter, sweet.... Hot, warm cold ... can
represent an example of a touch-interpreted statement . The same holds for
smell. Va n Da m (1984 ) confirm s thi s whe n h e states , Th e compute r
interface may eventually metamorphose into a total sensory environment'.

The mai n system s o f sign s ar e th e visua l an d th e verba l (natura l
language). I n reality , th e distinctio n i s les s obvious , an d influence s
between both are very important. Another distinction is between natural
and forma l languages . A  suggestiv e representation ca n b e give n a s a
matrix (Figur e 27) renderin g fou r possibilities : formal-visual , formal -
verbal, natural-visual , and natural-verbal.
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formal

verbal visual

natural

Figure 27 . Language  matrix.

Voice inpu t devices , o r othe r I/ O feature s (hea t sensitiv e o r touc h
sensitive, for instance) will, of course, require a more sophisticated matrix
which is not just multidimensional but also reflects influences between the
different components . Th e visual-verba l distinctio n refer s firs t o f al l t o
possible forms of representation. The natural-formal distinctio n refers t o
the logica l structure and thu s to th e nature o f language (cultural versus
artificial). The matrix takes combinations into consideration too. Forma l
verbal languag e ma y prov e difficul t fo r peopl e t o rea d o r write . Suc h
languages require special trainin g an d a  competence leve l demanded by
specialized fields (mathematics, symboli c logic, languag e programming ,
dance, music , etcetera) . Readin g text s writte n i n a  programmin g lan -
guage, o r a  musica l score, o r a  choreographi c labanotatio n i s difficult .
Formal visua l languages ma y prove difficul t t o 'write ' bu t ca n b e read
more easily (though not necessarily with precision). Research has recently
approached suc h languages and th e attempts to resuscitate visua l modes
based on pictographic representation o r to improve such forms o f visual
representation (fo r example , diagrams , charts , lists , etctera) . Althoug h
controlled b y grammar, natura l languages are easier to write because this
grammar is not a s rigidly specified as the grammar of formal languages.
On th e othe r hand , i t i s harder  t o b e specifi c an d precise , t o avoi d
ambiguity i n natura l language . I n th e cultura l environment , thi s i s a n
advantage evidence d b y qualitie s whic h ar e usuall y no t duplicate d i n
formal languages. This is not to say that natural language is easier to use,
as so many assume. Bar Hillel (1970) maintains that 'Natural languages
are essentiall y pragmatic , free' . Whethe r somethin g fundamenta l ha s
changed since 1970 in respect to ou r understandin g of the pragmatics of
formal language s or t o th e wa y such language s are use d i s a matter of
controversy. Nevertheless , th e pragmatic s o f natura l language s i s fa r
more difficul t tha n th e pragmatic s o f an y othe r languag e (forma l in -
cluded). If we again use the metaphor o f 'governing', the environment in
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300 M . Nadin

which natura l language is used i s one o f important amounts of 'govern -
ing'. Type is not th e issue ; 'dissidence' is allowed, but th e regim e is very
bureaucratic. Transactions essential to normal life involve 'red tape'. The
language user is under the heavy burden of the 'institution of language'.
In th e artificia l environment, 'dissidence ' i s no t possibl e (especiall y i n
compiler environments) ; bu t onc e th e languag e i s used accordin g t o it s
rules, no pressure from th e language is noticed. The amount o f 'govern-
ing' is small; type is the issue. Wha t I  have addressed her e are issue s of
language us e i n tw o differen t environments : one i n whic h th e use r i s
comfortable, since it is the environment of his everyday life; and anothe r
in which the user faces something less familiar, i n which interface should
play a mediating role. The idea l situation', as Van Dam (1984) describes
it, i n tune with many computer scientist s and/or scienc e fiction writers,
'would b e t o interac t wit h the compute r a s i f i t wer e a helpfu l huma n
being, perhaps chatting in natural language'. This should be contradicted,
not onl y because i t raise s fals e hopes , bu t als o becaus e th e underlyin g
principles of digital computers ar e those o f Boolean logic — a reductio n
from th e multivalue d logi c o f natura l language s t o two-value d logic .
Progress in better emulating natural languages (English, basically) i s to be
expected, but th e use of natural languages can become possibl e onl y on
computers applyin g the logic of such languages. Interfac e is a trade-off in
which amount and typ e (of signs used) are the fundamental parameters .
Norman (1983) , who introduced a  remarkabl e quantitativ e metho d fo r
trade-off analysis , make s th e basi c statement : 'An y singl e design tech -
nique i s ap t t o hav e it s virtue s alon g on e dimensio n compensate d b y
deficiencies alon g another' . Mayb e th e followin g comparativ e chart s
(Table 2) will explain the kind of trade-off implicit in the semiotic decision

Table 2. Language  chart.

Natural languag e Forma l languag e Communications characteristic s of
formal language s
write select  read

general
unlimited
vocabulary
indefinite gramma r
intuitive structure
easily acquire d

competence
difficult t o obtai n

performance

specific
limited vocabular y
predefined gramma r
logical structur e
difficult t o acquir e

competence
easy to attain hig h

performance/easy
to lear n

understand
system

concrete
knowledge

have purpos e
syntax erro r

read syste m
intuition
have purpos e
semantics

error

model syste m
intuition
indefinite

purpose
semantics

error
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involved i n th e desig n o f interfaces . A n integrated , interdisciplinary
approach t o interfac e consider s th e contributio n o f eac h component .
Semiotics coordinate s the relationshi p between everything that partici -
pates i n interfacing . Produc t design , softwar e engineering , hardware ,
ergonomics, etceter a —  highl y specialize d field s —  shoul d eac h b e
evaluated i n turn an d integrate d i n th e comprehensiv e language o f th e
product. O f course , semiotic s ha s t o provide  th e necessar y mean s
required. This article has given some examples.

Notes
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