Semiotic engineeringprinciples for evaluating end-user programming environments

Clarisse Sieck enius de Souza

Departam ento de Inform ática, PUC-Rio

Rua Marquês de São Vicente 225

Rio de Janeiro, RJ ˘ Brazil

E-m ail: clarisse@inf.puc-rio.br

PUC-Rio Inf M CC10/99 M aio’99

Abstract

End user programm ing (EUP) environm ents are difficult to evaluate em piricall y. Most users don´t engage in programm ing, and those who do are often discouraged b ythe com plexity of programm ing task s. Often the difficulties ar ise from the progr amm ing languages in which users are expected to express them selves. But there are other difficulties associated to des igning extensions and adjustm ents to artifacts that have been originallydesigned b yothers. T his paper characterizes EUP as a sem iotic des ign process, and presents two princ iples that can be used to illustrate the distinctions between the various k inds of techniques and approaches proposed in this field. T heyintroduce a pr elim inar ytheoretical m odel of EUP and thus facilitate the definition and interpretation of em pirical evaluation studies. T heyalso describe som e specific sem iotic qualifications that m ore usable and applicable EUP languages could be expected to have.

Ke ywords: sem iotic engineer ing, end-user programm ing, evaluation m ethods, usability, theoretical m odel de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 2 /--

Semiotic engineering principles for e valuating end-user programming en vir onments

Clarisse Sieckenius de Souza

Departamento de Informática, PUC-Rio

Rua Marquês de São Vicente 225

Rio de Janeiro, RJ ˘ Brazil

E-mail: clarisse@inf .puc-rio.br

Abstract

End user programm ing (EUP) environm ents are difficult to evaluate em piricall y. Most users don´t engage in programm ing, and those who do are often discouraged b ythe com plexity of programm ing task s. Often the difficulties aris e from the progr amm ing languages in which users are expected to express them selves. But there are other difficulties associated to des igning extensions and adjustm ents to artifacts that have been originallydesigned b yothers. T his paper characterizes EUP as a sem iotic des ign process, and presents two princ iples that can be used to illustrate the distinctions between the various k inds of techniques and approaches proposed in this field. T heyintroduce a pr elim inar ytheoretical m odel of EUP and thus facilitate the definition and interpretation of em pirical evaluation studies. T heyalso describe som e specific sem iotic qualifications that m ore usable and applicable EUP languages could be expected to have.

Ke ywords: sem iotic engineer ing, end-user programm ing, evaluation m ethods, usability, theoretical m odel

Introduction

End-user programm ing (EUP) has been gaining im portance in software engineering because of at least two identifiable reasons. One is that the cost of building and m aintaining m ulti-functional applications is high, and users are always dem anding enhancem ents and extensions to successful software tools. T he other is the growing awareness that users are not alwa ys passive software cons um ers but that the ycan pla ythe role of software designers and producers. T he form er argum ent in favor of EUP gained popular it yin the ear lynineties (see [Myers´92, Nardi´93]), and the latter has been evolving both in the fields of HCI and Design (see [F ischer´93,

Cypher´93c, Nardi´93, DiG iano and Eisenberg´95, Fischer ´98]). But the practical needs encountered b yusers of applications such as CSCW system s [Malone et al.´95], text editors

[Cypher´93b], and spreadsheets [Nardi and Miller´90] alwa ys point at the tension between requirem ents related to usabilityand expressiveness [Repenning and Am bach´97].

In contrast with volum inous research on the usabilit yof software applications from a non-EUP perspective, r esearch about usable EUP environm ents is scarce [Nardi´93, T raynor and

W illiam s´97]. One of the reasons for this is obviousl ythe fact that, with the exception of advanced spreadsheet users, onl ya ver ysm all percentage of softwar e consum ers have ever tried to program an application (be it bym acro-recording, param eter configuration, or scripting). Yet, another im portant reason is that EUP environm ents are typicall yplainlyuninviting for nonprogramm ers, which explains and in a wa yperpetuates this situation.

T he difficulties posed for em piricall y-based usabilit yevaluation in EUP start with the identification of the typical subject in a heterogeneous, scattered, and sm all comm unity. As a result, heur istic de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 3 /-- approaches lack significant em pirical evidence from which to build a solid bod yof practic al k nowledge. However, there is also a theoretical problem with EUP usabilit ystudies, not entirel y due to the lack of em pirical data. Most of the m odels and m etrics em ployed in non-EUP studies are inadequate in this case, because they( im plicitl yor ex plicitly) assum e that the sem antic m odel of applications is stable. Despite som e prelim inar ysuggestion that user-centered m ethods could dem onstrate the power of tailorable applications [Malone et al.´95], for instance, no theoretical or em pirical grounding has yet been full yestablished to sustain consistent evaluative investigation of

EUP envir onm ents from a user´s point of view.

So, EUP environm ent designers are currentlyill supported in their effort to provide us eful tools for software extension and custom ization task s. T he challenge to usabilityevaluation in this scenario is that the nature of task s perform ed byusers is radically different from those performed outside

EUP. Nam ely, EUP task s are semiotic design task s that introduce new m eanings and expressions in the original environm ent. T heyar e shaped bythe users´ interpretation of the application, the available programming tools, and the representation s ystem s the tools act upon.

T he abilit yto turn users from consum ers into designers has been repeatedlyvoiced by researchers lik e Fischer and his associates [Fischer´93, Repenning´94, Eisenberg and Fischer´94,

Fischer´98]. T heyc laim that adding functionalit yto software will never account for the situated needs of users who are experts in their dom ains of activit y, and m ust not be prevented from exercising their creativityb ytechnological shortcom ings. In their view, software s ystem s m ust be designed to evolve and reach not onl yfor usability at low c ognitive and physical costs, but also for applic ability to relevant situated problem s.

T his paper tak es a sem iotic engineering approach [de Souza´93] to EUP task s and proposes two principles that should hold relative to the user interface language (UIL) and the end-user programm ing language ( EUPL), if designers want to reach for usabilit yand applicability. T he

Interpretive Abstraction Princ iple and the Semiotic Continuum Principle provide som e theoretical under pinning that can serve as a basis for anal yzing and explaining specific evaluation issues in

EUP envir onm ents.

In the next three sections of this paper, the reader will see how the sem iotic dim ensions of problem s faced byusers of som e comm ercial applications can character ize EUP as a representation and comm unication des ign activity. T he natur e of signs and s ign s ystem s (or languages) that co-exist in extensible software applications, along with som e of the relations that hold between them , set the basis for the Interpretive Abstraction and the Semiotic Continuum principles, whose effects are dem onstrated in concrete situations.

A discussion of the challenges posed b yEUP for m anyevaluation m ethods, and of how the proposed principles advance the theoretical foundations for EUP evaluation can be found in the last section of this paper. T he approach is shown to characterize m ore preciselyFischer´s paradigm of users as designers, to provide a structure for categorizing EUP environm ents as having qualitativelydistinct profiles, and to provide explanations for som e of the points m ade b y

EUP researchers in ad hoc em pirical obser vations.

Examples of usability problems in EUP environments

As pointed out b ysupporters of the programm ing bydem onstration paradigm [Cypher´93c], the leading m otivation for reprogramm ing parts of an application is having to perform repetitive task s.

So, let us consider a scenario in whic h a user repetitivel yperform s the following sequence of comm ands over a wide range of docum ents:

a) Given a specificallyselected cursor pos ition in the docum ent, b) all occurrences of the word Chapter , dow n to the end of the document , are replaced b ythe word Section .

de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 4 /--

In Lotus´s W ordPro ä (LW P) [Lotus´95], the designer-to-user m essage im plicit in its interface suggests that the task can be easilyachieved bythe following set of events (see Figure 1):

I. Click on the desir ed cursor pos ition in the docum ent

II. T ype Ctrl+F (or select Find and Replace... in the Edit m enu)

III. T ype in the word Chapter next to the label F ind in the Dialogue Box

IV. T ype in the word Section next to the label Replace with in the Dialogue Box

V. Check that the arrowhead pointing to the r ight is selected

VI. Click on the button nam ed Replace All

Figure 1: Lotus´s W ordPro screen shots.

Against the us er´s expectations, steps (I) through (VI) do not cause all the occurrences of Chapter

from the current cursor position onwards to be replaced b y Section . Instead, all occurrences of

Chapter , either onwards (as expected) or back wards (as not), are replaced b y Sec tion . W ith

som e further explorations in the interface and online docum entation, the us er m ayfind that the

Replace All action overrides the directional choices signaled b ythe arrowhead buttons. T he user

can then conclude that once the search m echanism has reached the bottom end of the

docum ent, it continues from the top, in a circular m ode ( wrapping in text editing jargon). So, the

interface is perceived to suggest affordances (esp. a wrapping control) that the application does

not reall yprovide.

If the user turns on the script-recording tool while perform ing steps (I) through (VI), the

autom aticallygenerated script will consist of the following code in LotusScript [Lotus´95]:

Sub Main

.Application.FindAndReplace.FindString = "Chapter"

.Application.FindAndReplace.ReplaceString = "Section"

.InitFindAndReplace True

.ReplaceAll

.InitFindAndReplace True

End S ub de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 5 /--

W e see that, although the arrowhead button is m ark ed as pressed during the recording (see

Figure 1), apparentl ythe script does not capture this param eter. And, if the user repeats the

recording pressing the arrowhead back wards, she will again find out that all occurrences of

Chapter are replaced b y Section . However, with this explicit change of the default direction of the

search, the r ecorded script will consist of a slightl ydifferent code:

Sub Main

.Application.FindAndReplace.FindString = "Chapter"

.Application.FindAndR eplace.ReplaceString = "Section"

. Application.FindAndReplace.FindForwardDirection = False

.InitFindAndReplace True

.ReplaceAll

.InitFindAndReplace True

End S ub

T his first scenario highlights two im portant problem s. One is that the UIL suggests affordances

that do not reallybelong in the sem antic m odel of the application (e.g. the direction of search

cannot be com bined with the Replace All capability). T he other is that autom aticall ygenerated

EUPL code does not reflect the relevant s igns of the UIL sentence produced b ythe user (e.g. the

param eter forward for the search is not pr esent in the first script).

Figure 2: MSW ord interface for find and r eplace task s

In another application in the sam e dom ain, Microsoft´s W ord ä (MSW ) [Microsoft´96] , the sam e

task can be carried out in a slightl ydifferent way. F ind and replace task s lead users to a dialog

window that has two different states. T he default one (or short state) does not directl yafford

directed searches. A button labeled ^More~ (graphicallyplaced where the button labeled ^Less ~ is

in Figure 2), tells the user that ther e are other param eters that can im pact the r ealization of this

task . So, bypressing this button, the user can see the second state of the dialog window, where

m ore details ar e provided. In it, the direction of search can be explicitl yset.

So, in order to achieve the sam e find and replace task of the previous scenar io, the user now

perform s the following interface steps:

I. Click on the desir ed cursor pos ition in the docum ent

II. T ype CT RL+H (or select Replace... in the Edit m enu)

III. T ype in the word Chapter next to the label F ind what in the Dialogue Box

IV. T ype in the word Section next to the label Replace with what in the Dialogue Box

V. Click on More to see further options for the task

VI. Select ^Down~ in the list next to the Search field

VII. Click on the Replace All button

VIII. Read a m essage saying that the end of the docum ent has been reached and ask ing if the

search should continue from the beginning de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 6 /--

IX. Ans wer No

Although there are three additional interactive steps (given the sam e user strategies for

interaction used with LW P), the goal is successfullyachieved this tim e. T he recorded

corresponding m acro in Visual Basic for Applications ä ( VBA) cons ists of the following code:

Sub CorrectSections()

Selection.Find.ClearFormatting

Selection.Find.Replace ment.ClearFor matting

With Selection.Find

.Tex t = "Chapter"

.Replacement.Tex t = "Section"

.Forw ard = True

.Wrap = wdFindAsk

.Format = False

.MatchCase = False

.MatchWholeWord = False

.MatchWildcards = False

.MatchSoundsLike = False

.MatchAllWordForms = False

End With

Selection.Find.Ex ecute Replace:=w dReplaceAll

End S ub

T he dialogue that tak es place in steps VIII and IX is signaled in the code as ^.W rap =

wdFindAsk ~ . Although the term s are som ewhat cr yptic, with a little effort theycan be correctly

tak en to m ean ^ASK <som ething having to do with> FIND~, and eventuall ytheycan be

associated to the confirm ation that is ask ed from the user. However, if the user answers Yes

instead of No, the generated code is exactl ythe sam e. Consequently, the m apping between UIL

signs, on the one hand, and the m acro code, on the other , is once again obscure.

A m ore intuitive value for .W rap param eter would be a choice between T rue or False, and not

wdFindAsk . And in fact, if we replace the wdFindAsk value with False , quite sur prisingl ythe

m acro not onl yexecutes without problem , but also does exactlywhat the user´s intent has been

shown to be in (a) and (b), above. In other words, a sm all change for:

Sub CorrectSections()

�

. Wrap = False

�

End S ub

achieves the task without ask ing for confirm ation. T he logic of T rue and False, however, does not

lead us too far. If we replace T rue for False and tr yto run a m acro with:

Sub CorrectSections()

�

.Wrap = True

�

End S ub

the outcom e is not a circle search of text, but a ^Runtim e error 4608~ m essage, telling us that

there is a value out of range . T he user is left wondering. W hat range? W hat does error 4608

m ean?

So, in this second scenar io, there are also three m ain problem s. One is that the sem antics of UIL

signs is confusedlydescribed in the EUPL. It is unintuitive, if we com pare the wdFindAsk with

True or False , and incom plete, if we tak e into account that false generates executable code, but de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 7 /--

true does not. Another is that a user m aywonder what is the role of choosing between all, up and

dow n , in the dialogue window, if there is no apparent effect of this choice in a Replac e All

situation. And the last one is that while work ing in the EUP environm ent, the user is exposed to

inexplicable signs that are foreign to the application´s dom ain.

T he third k ind of problem m ayalso be encountered in LW P, if the user records a script that

autom aticallys aves a file on a floppydisk . If the flopp yis lock ed or not inserted, once the script is

invok ed and triggered, the follow-up m essage is quite disconcerting (see Figure 3).

(a)

(b)

Figure 3: Disrupted dialog while tr ying to

execute a script in LW P

T hese are significant ex am ples of the k inds of problem s that discourage the vast m ajorityof

potential EUP users and perpetuate the separation between users and programm ers.

Comm ercial scripting and m acro languages are genuine programm ing languages, garnished with

dom ain jargon and trimm ed short of m ore elaborate data and control structures. And theya r e just

as difficult to use as anyprogramm ing language [Cordy´92, Nardi´93]. Mor eover, the

correspondence between UIL and EUPL is often inconsistent in spite of the fact that whatever

users k now about the application is m otivated b yand constructed within the sem iotic (i.e.

representational and comm unicative) s ystem s that are pr esent in the interface language.

T he debate about EUP can be superlativel ysumm arized b ythe titles of two papers that appeared

in the earl ynineties: T he user interface is the language [Dertouzos´92] and W hy the interface is

not the programming language, and how can it be [Cordy´92]. In both, authors present their

argum ents for powerful interface languages that allow users to extend applications. T his was the

line adopted bym anyfollowers of the pr ogramm ing byex am ple (or b ydem onstration) par adigm

(see [Cypher ´93a, Lieberm an´93a, Lieberm an´93b, C ypher and Sm ith´95] for exam ple). T he other

alternative was followed b ythose that tr yto introduce users t̀ o the art of programming´ in a gentle

way(see [Eisenberg´95, DiG iano and Eisenberg´95, and Malone et al.´95] for exam ple).

The Semiotic dimensions of EUP challenges

Sem iotics provides a wealth of insights for the anal ysis of EUP itself and the associated usabilit y

problem s frequentl yfound in this environm ent. T he discipline is devoted to investigating the

nature of signs and comm unication [Eco´76, Sebeok ´94], and has been felt b ym anyto bring

im portant contributions to software designers [Nadin´88, Andersen´90, Andersen et al.´93, Mullet

and Sano´95, Jorna and van Heusden´96, Pim enta and Faust´97] and com puter scientists de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 8 /--

[Me ystel´96, Gudwin and Gom ide´97]. Our work in Sem iotic Engineering [de Souza´93] focuses

on two central ideas:

a) Interactive s ystem s are m essages sent from designers to users, about how to send and

receive other m essages in the s ystem .

b) Interactive s ystem s are also performing m essages that send and receive a range of

input/output m essages. T hus, theyar e in fact metacommunication artifacts .

It is in EUP environm ents, however, that sem iotics can bring forth innovative insights [Barbos a et

al´99] and potentiall yadvance investigations about the usabilityof extension facilities in s oftware.

T he anal ysis of task s, roles, and resources involved in EUP sheds light on different facets of such

environm ents.

Signs, interpretants, unlimited semiosis and abduction

W e draw on theoretical concepts proposed b yPeirce, who lived m ost of his life in the 19 th

centur y, and had his work published in eight volum es in the first half of 20 th c entur y[Peirce´31-

58]. T he fundam ental concept of peircean sem iotics is the sign . It differs from the concept of

s ym bol, in form al linguistics, because of the definitional requir em ent that it m ust be interp reted

by a subsequent thought or action [Hoopes´91]. T he subsequent thought or action generated

bya sign is called its interpretant . An im portant feature of interpretants is that the ycan,

them selves, be signs that trigger further interpr etants. So for exam ple, when faced with the OK

Button shown in F igure 3(b), the user actuall ygener ates a chain of interpretations that are

associated to each other bycausal r elations. In this chain there m aybe signs related to such

notions as: ^something went wrong~, ^the script has a bug~, ^the file is corrupted ~, ^the application

will crash~, ^the diskette is not in the drive~, ^computers never work as we want~ . And there m ay

also be actions lik e: <check the disk ette>, <click the button>, <r eset the com puter>, <ask for

help>.

T he significant contribution of sem iotic theor yto hum an-com puter interaction (HCI), as illustrated

bythis case, is that the interpretation of a sign is an associative pr ocess , whose depth and length

cannot be fullypredicted. T his process has been called unlimited semiosis [Eco´76], and has

m otivated Peirce´s theor ies about pragm atics and the s ituated nature of the m eaning. However, it

has also raised the fundam ental challenge for all accounts of successful communication: if sign

interpr etation is unbounded, how can anytwo people effectivelycomm unicate with each other?

T he answer to this challenge in peircean sem iotics is the notion of abductive reasoning (or

abduction , for short). Abduction is characterized as the process of form ulating explanator y

hypotheses. Unlik e deductive and inductive reasoning processes, abduction involves the

introduction of new (i.e. extra-theoretical) inform ation. In Peirce´s terms, ^deduction proves that

som ething m ust be ; induction proves that som ething actuall yis ; and abduction suggests that

som ething m aybe ~ [Peirce´31-58]. T hus, in hum an com munication, successful sem iosic

processes m ayconverge to a steadypoint as soon as the interpreter reaches a satisfactor y

m eaning for the sign under interpretation. T he reasoning m ethod used to generate it m aybe

deductive, inductive, or abductive in nature. In abductive reasoning situations, sign interpretation

is the sam e as sense m ak ing. As soon as a plausible hypothesis is form ulated to explain the

presence of the sign, it is tak en to be at the heart of the sign m eaning.

T his type of reasoning elegantl yexplains not onl ysuccessful communicative exchanges am ong

people, but also unsuccessful ones. T he latter result from faultyh ypotheses (or m isconceptions),

that m aybe further corrected through rem edial dialogue or counterfactual inform ation. It also

explains wh ywe can handle conversation without reall ybothering to understand the detailed

m eaning of each and ever ys ign in it. In HCI scenar ios, as seen in the previous section, a user

m aynot reall ybother to understand what ^error 4608~ m eans, in prec ise extensive term s. She

m ayperfectl yget b ywith the hypothesis that this is ^an internal error code related to the value

True~ and generate an interpretant with the <restore .wrap=wdFindAsk > action. Note that this is de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 9 /--

neither logic deduction, nor logic induction, but m erelya work ing hypothesis that proves to be

satisfactor yfor the situation at hand.

Language interpretation and language generation

Sem iotic theor yhas dealt fundam entall ywith sign interpretation phenom ena. But, the adequac y

of interpretation m ust be m easured against factors that or iginate in the sign production process.

In other words, the m eaning of a sign m ust be evaluated against the intention of the person ( or

the entity) that comm unicates it.

T he T heor yof Sign Pr oduction (T SP) [Eco´76] aim s to describe the processes bywhich a

comm unicating agent chooses how to express som e action, idea, sensation or attitude. If signs

are linguistic in nature and agents are hum an, the code used for expression is natural language,

and sem iotic theor yis often r eplaced bylinguistic theories related to discourse analys is

[Brown´95]. However, the spectrum of comm unicative codes used b yhum ans extrapolates

natural languages b yfar, and tak es us from linguistics (which deals with natur al language

phenom ena) into sem iotics (which deals with all comm unicative codes, linguistic or not).

An account of com puter language interpretation and com puter language generation, as actuall y

carried out b yend users, would provide EUP with valuable theor etical foundations for sem iotic

and cognitive research. Norm an´s Cognitive Engineering [Norm an´86] represented a m ajor step in

HCI, because it accounted for the comm unication processes that tak e place between us er and

com puter, from the radical perspective of users. Hence, s ign interpretation and s ign generation

have been characterized and evaluated in interpretation-centered cognitive term s [Hutchins et

al.´86].

Nevertheless, in EUP scenar ios, interpretation and gener ation processes operate on a higher-

order coded m essage. W hat the user m ust be able to interpret is the patterned com bination of

actual and potential signs that appear in HCI. T hese com binations follow design principles that

govern the artifact´s behavior and determ ine the affordances it exhibits. Unless such patterns are

correctlyinter preted, the user can never generate novel utterances (i.e. extensions or

custom izations) to be interpreted bythe m achine.

In the MSW exam ple, we see that the m eaning of the sign ^wrap~ in the user ´s m ind is lik elyto

trigger an abductive reasoning path in which True and False are potential s igns standing for total

and partial searches, respectivel y. In Eco´s T SP, these two latter signs ar e character ized as the

result of a sim ple recognition that the yare tok ens of an established expressive t ype s ystem for

binar ychoices. However, not onl ydid one of these c om binations not work as expected, but also

som e new invented sign was used ( wdFindAsk ), potentiallyim posing a heavier abductive labor to

hum an interpr eters.

Inferring the grammar of a new language

T he im portance of design patterns in software engineering [Gamm a et al.´95] has been

extensivelydem onstrated and explored in recent years. Although HCI patterns pla ya par am ount

role in us able com puter applications, in EUP their im portance is m agnified b ythe com plexit yof

the intrinsic language acquisition task the user m ust perform .

Man yHCI textbook s and des ign m anuals em phasize the interactive patterns that can and at

tim es m ust be used to ensure adequate us ability. Som e authors even c laim that these patterns

constitute a language [Rheinfrank and Eveson´96] per se . Nonetheless, at a closer exam ination,

som e distinctions becom e evident.

Firstly, a language , in form al terms, is a full ycoded sem iotic s ystem (which includes a

vocabular y, a gramm ar, and a set of sem antic interpretation r ules), deepl yem bedded in a

(sub)culture ( which pr ovides m ost of its pragm atic rules of interpretation). T hus, the so-called de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 10 /--

^interactive languages~ are not really languages in the sam e sense, but rather a st yle (a

hypercode), or a set of gener al patterns (a h ypocode) [Ec o´76, Leite´98].

Secondl y, a com puter application´s interface does have a language. But this is a unique

language that can onl yrefer to elem ents of the application´s unique sem antic m odel. T he

com bination of widgets and labels, the effects of m enu selections, the icons and m anipulations

that a user discovers through the application´s interface can never be used to inter act with a

different application (i.e. in a different context). W hat can be, and actuall yis, transferred from one

application to another ar e the h ypocodes and hypercodes, which contribute to the ^nativeness~ of

software in different platforms, and to ^com puter literacy~ in general.

Consequentl y, the m ajor (and essential) endeavor of ever yc om puter application user is to

acquire a new and unique language of interaction. But if, in addition to this, users are expected to

do programm ing tasks and tailor the application to their needs, their com petence m ust

extrapolate the abilit yto interact with the s ystem , and allow them to produce correct linguistic

descriptions of the application. In other words, not onl ym ust the users speak the application´s

language, but the ym ust also be able to explain and predict gramm atical constructs in it.

T he sensitive aspect of this extrapolation is that the language used for des igning new m eanings

is not a general-purpose language, but a single-purpose one. Although this m aysound too radical

at first sight, especiallyin view of som e general agreem ent that EUP languages m ust be special-

purpose languages [Nardi´93], a higher level of precision has som e advantage for character izing

usabilit yproblem s.

For instance, a special purpose-language m aybe tak en to m ean that it is designed to represent

and comm unicate a set of phenom ena of a given dom ain, or a given class of problem s across

various dom ains. However, this approach is pr ecisel ythe pr oblem with the exam ples in section 2.

LW P and MSW extension languages are designed to ser ve not onl ythe text editing applic ations

used in those exam ples, but also to serve other applications in the sam e software pack age

(which includes spreadsheets, database, and graphic presentation software in both cases). T hey

thus include constructs and requir e im plem entation solutions that entail incom prehens ible signs

from a single application´s perspective.

From designing interaction to designing interaction grammars

T he basic challenge in EUP is then to design a single-application language whose gramm ar can

be easil yintuited, used in all the dir ectl yafforded wa ys, and (m ost of all) be abducted and

explained b ythe us ers. W ithout an im plicit 1 or explicit, form al or inform al 2 , representation of the

operating sign com bination and s ign interpretation rules of the language, a user cannot be

expected to achieve EUP successfully.

Man yof the so-called extension languages (e.g. Visual Basic for Applications [Microsoft´96],

LotusScript [Lotus ´95], H ypercard [Apple´98], and the lik e) will not m eet this challenge. T he gap

between their own linguistic m odel and that of an yapplication the ycan be used to extend is too

long for real ^end users~ to bridge.

Moreover, unless software developers have a highlydisciplined use of design patterns, an

application m ust be born extensible. Usable and applicable extensibilit ycan onlybe added at a

1 An implicit representation of such rules is, for example, a regular consistent pattern of sign combinations

that can be aprehended by users through repeated reinforcing evidence of the combinatorial principle [Mullet

and Sano´95].

2 An informal representation of such rules is, for example, a graphical depiction of patterns and a visual

characterization of correct and incorrect arrangement of elements [Chang´90].

de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 11 /--

later stage (or in the next release of a product) if the extensible part of the UIL 3 can be

gramm aticallydescribed in term s of the EUPL, or if the linguistic instance can be bypassed and

inferred b ya r easoning subs ystem em bedded in the application (as with som e programm ing by

dem onstration techniques [C ypher´93a]).

Finall y, although we k now that m anyand varied sem iotic s ystem s are drawn upon to

comm unicate m eanings in the UIL (e.g. natural language words and expressions, icons, spatial

organization, visual and audio cues, am ong others), the k ind of EUP exem plified in section 2 is

basicall ylinguistic. T hus, linguisticall y-based EUP applic ation designers need to project all types

of signs the yhave used in the UIL onto a single integrative linguistic s ystem that ser ves as a

sem antic description environm ent for the or iginal application ( and all of its extended versions).

Failure to m eet this requirem ent results in break downs such as the inneffective arrowhead signs

of the first LW Pscenario.

Users as designers of interactive tokens

One last relevant point in our sem iotic anal ys is of EUP task s and environm ents is that, unlik e

what seem s to be the target of m anyEUP enthusiasts, users cannot reall ybuild other

applications with an ything less than a pr ogramm ing language. Because ever yapplication has its

own unique language, and because this language is the front door for EUP, the EUPL itself is

unique, too. So, strictl yspeak ing, the EUPL should onl ygenerate application-related m eanings,

but not other applications per se .

T his is equivalent to generating tok ens of actual or potential inter active t ypes that are intr insic to

the conception of the or iginal des igner-to-user m essage. In the LW P save-to-disk ette script, the

UIL responds consistently(and helpfull y) to an attem pt of saving a file to a disk ette when it is not

inserted in the drive. T he user receives a m essage with a num ber of possible reasons wh ythe

action cannot be perform ed in that situation. T his interactive exchange is not expressed as a type

in the EUPL. T hus, users are not prom pted to pr oduce a tok en for the error-trapping type of

interaction that is present in the UIL.

Semiotic engineering principles for evaluating EUP usability

T he following principles are m eant to be applicable to computer languages . In natural languages,

the ydon´t m ak e anysense basicallybecause of the unbounded m etalinguistic power of an y

hum an language ( which allows us to ^interface~ and ^program ~ NL interpreting agents with the

sam e code ). Nevertheless, NL has provided us with the radical inspiration for the form ulation of

these two principles. T heyare m eant to help us saywhy and when two com puter languages can

be used to appr oxim ate the effect we would achieve in NL if s ystem s could be so programm ed

and extended.

The Interpretive Abstraction Principle

T he Interpretive Abstraction Pr inciple r elies on two specific notions, defined as follows:

� a LEXICAL SIGN is a m eaningful wor d of a language; and

� a PHRASAL SIGN is a m eaningful gramm atical construct of a language.

T hus, given anytwo com puter languages Li and Lj, Li is an interpretive abstraction of Lj if:

· the sem antics of Li can be described in Lj ; and

· a user of Li can m ak e sense of all of Li´s lexical and phr asal signs b yresorting to three fundam ental and possibl yintersecting sources:

i. the intrinsic patterns of occurrence of such signs in situated Li discourse ;

ii. som e extrinsic m etalinguistic k nowledge about Li; and iii. the user’s cultural back ground.

3 From this point on, the acronym UIL will refer that part of a User Interface Language that is involved in extension and configuration tasks.

de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 12 /--

The Interpretive Abstraction Principle is a qualified form of the Abstraction Principle known to all computer specialists. The latter emphasizes the mechanisms by which details are hidden from users, allowing them to focus on relevant aspects of the discourse domain. It is primarily employed in programming language design to support the generation of clear and concise code, although it evidently increases code legibility in debugging and maintenance tasks. But the Interpretive Abstraction Principle is targeted primarily at the interpretation of situated discourse produced by computer systems (as they show users some application´s output) and by users themselves (as they input commands or data to the system). The generative aspects of the Interpretive Abstraction Principle are cast in the guise of how users interpret what they are ^telling~ the system, or namely what they mean by what they are saying.

The qualifying term ^interpretive~ is thus added to the familiar principle for sake of emphasis and clarification.

In an EUP environment, computer languages all contribute to design tasks. Design tasks are driven by intentions. And all intentions are determined not only by the user´s experience with the medium and the domain of activity (items (ii), and (iii), above), but also by the expressiveness of the language in which this experience can be stated (items (i) and (ii), above). So, in fact, it is not only a matter of abstracting the semantic layers beneath syntactic constructs, but also, and maybe more importantly, of abstracting the purposes and effects that can be achieved as soon as signs are put together.

In order to explain and illustrate this principle, we can instantiate the variables in it with values drawn from an EUP environment. Thus, the UIL of an extensible application is an interpretive abstraction of some underlying computer language (e.g. the EUPL, the programming languages used by the application´s developers, or even the assembly and machine languages) if users can fully understand all signs in it because of:

i. the patterns of signs and sign combinations they encounter while interacting with the application;

ii. the available explanations about the UIL (as provided by online help and tutorials, screen tips, and documentation in general); and iii. their own experience with computers (bringing forth the associated knowledge tapped by interface metaphors, application domain knowledge, and sheer common sense).

Notice that in order to understand the interface language, the user should not need to know about the abstracted languages. All sign constructs in the abstracting language (i.e. the UIL) should make satisfactory sense to the user by virtue of the abductions that can be made from the summative knowledge base that integrates (i), (ii), and (iii), above. For a concrete example, consider the following evidence.

Figure 4: An example of faulty interpretive abstraction

T here are m anys igns and s ign constructs in the UIL ^text~ shown in F igure 4 whose m eanings cannot possiblybe assigned byusers who do not have spec ialized k nowledge of low-level software architectur e and operating s ystem s. However, the application whose installation gener ated this sort of output belongs to the category of ^desk top general-pur pose pr ogram~

(nam ely, a text editor). Nowhere in its online docum entation can the user find out a satisfactor y explanation for ^invalid page exception~, for instance. Quite contr aril y, ^pages~ in the user ´s context have to do with printed docum ents (and not with the m achine´s m em or ylocations).

de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 13 /--

A satisfactory interpretation is the result of an abductive reasoning process determ ined b ysuch factors as the abilit yto gener ate an alternative path towards the achievem ent of the intended goal. T he possibilit yof assigning high-level sem antic features lik e ^a problem ~ or ^a bug~ is unsatisfactor yin this case preciselybecause it cannot help the user in generating possible hypotheses about whythis happened or what m ust be m ade differentlyso that the obstacle is overcom e 4 .

A more useful error message, redesigned for purposes of demonstrating the effect of observing the

Interpretive Abstraction Principle, can be seen in Figure 5. Terms and expressions that belong in any online help documentation or tutorial have been used to replace the operating system jargon. The text also includes an explanation of why the user should restart the computer and why everything may occasionally keep on working properly if the user does not do it.

Figure 5: The effect of observing the Interpretive Abstraction Principle

T his k ind of decision-support inform ation is the k eyto pragm atic adequac y, a feature that the

Semiotic Continuum Pr inciple will tr yto capture.

The Semiotic Continuum Principle

T he Semiotic continuum Princ iple introduces the last two definitions required in this paper:

· An ACT UAL SIGN in a language is an existing wor d or phrase of that language; and

· A POT ENT IAL SIGN in a language is non-existing word or phrase in that language, which can however be generated b ylexical and/or gramm atical extensions that abide to its derivational patterns (i.e. to m orphological and gramm atical m eta-rules).

In the previous section we have seen wh ythe distinction between actual and potential signs, as well as the existence of m eta-rules that gover n the creation of new words and new s yntactic com binations is of crucial im portance in EUPL design. F or instance, in som e programm ing languages, contr ol structure block s are lexicallym ark ed bythe k eyword that s ignals that structure written in reverse other. T hus, an IF block is closed b ythe wor d FI , a DO block is ended b y OD , and so on. If a new release of one such language includes a CASE c ontrol structure, all users

(programm ers) will intuitively k now that the block end will be m ark ed bythe word ESAC . T his is a

4 All computer users encounter installation or execution failure messages every once in a while, but only very few e xperts can assign the correct semantic meaning to them. However, many annecdotes are told about how to generate a satisfactory meaning for error messages. Not surprisingly, many people are satisfied with the notion that these messages contain garbage , and in practice you just have to press ESC,

ENTER , or RESET.

de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 14 /-- quiet m orphological pattern of the language that is quick lypick ed up b yusers, and which m ust be observed in all extens ions and/or m odifications m ade to the language.

Syntactic patterns have the sam e effect. For instance, if param eters are passed in the s yntactic form :

<procedure_name>´(´<parameter_name>{´,´<parameter_name} * ´)´ it would be surprising and unreasonable if a new release of the pr ogramm ing language passes program s as param eters using the following s yntactic structure:

<procedure_name>´(goto´ <program_name> ´return)´

Hum an pattern-recognition m echanism s are thus the m ost im portant resource to be tapped by

EUP envir onm ent designers, because the yare innate to our spec ies. Hence the im portance of sem iotic design patterns that applyto all comm unicative s ystem s a com puter user encounters in software applications.

So, the Semiotic Continuum Princ iple states that, given two com puter languages Li and Lj , they are said to be sem ioticall ycontinuous if:

· Li is an Interpretive Abstraction of Lj;

· Lj is itself an Interpretive Abstraction of som e other language(s);

· Lj has a s yntactic instance of <text> , as a specific structured organization of sentences

(whose m eaning incorporates intentional elem ents); and

· anyuser who k nows Li and Lj can alw ays translate an ar bitrar yinstance of Lj <text> into Li.

Unlik e the Interpretive Abstraction Pr inciple , which focuses on the upper-level language, this second pr inciple focuses on the lower-level language. T he m ost im portant point in the above definition is that if som ebodyk nows both languages, he or she can alw ays translate anyarbitrar y text of the lower-level language into a sign of the upper-level one. T his can onl ybe achieved because of a pragm atic com ponent that is projected onto s yntactic structures. It can separate signs that express intentions from those that do not, and thus sort out lower-level language texts that should have a tr anslation in the upper-level language from those that should not.

From a different perspective, we can see that what the Semiotic Continuum Pr inciple is tr ying to achieve is to r ule out EUPL candidates that cannot distinguish pr agm aticall yinadequate sign com binations from pragm aticall yadequate ones. T his tight coupling between EUPL and UIL is precisel ythe feature that guarantees the correspondence between well-form ed EUPL and UIL texts. For a concrete exam ple of this princ iple´s effect, we can show a sim ple evidence drawn from Microsoft´sW ord 7.0 environm ent.

In Figure 6, we see that the or iginal m enu configuration of this application (see the left-hand side of the picture) suggests that users can save their files in som e specific form at, nam elyHT ML. If the ychoose to do so, there is a follow-up dialog window ( not shown in this figure) in which the user can specif ythe desired path and file nam e for the current docum ent. A quite plausible extension of the application´s functionalitywould be to save files in RT F form at (which is interpr eted b ya num ber of other brand software tools). Although the phrasal sign ^Sav e as RTF

�~ does not actuall yexist in that m enu, it is certainl ya potential sign (see the right-hand s ide of the picture).

If a m acro recorder is used to produce the code for the new function Sav e as RTF� the gener ated code can be the following:

Sub Save_as_RTF( )

ActiveDocument.SaveAs FileName:="test.rtf", FileFormat:=w dFormatRTF, _

LockCo mments:=False, Passw ord:="", AddToRecentFiles:=True, WritePassw ord _

:="", ReadOnlyRecommended:=False, EmbedTrueTypeFonts:=False, _

SaveNativePictureFor mat:=False, SaveFormsData:=False, SaveAsAOCELetter:= False_

End S ub de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 15 /--

Figure 6: Extending MSW ord 7.0

Note that the file nam e has been captured as a constant value (^test.rtf~, in this case), and not a variable. Although m acro recorder users m aynot notice this before too late ( when the ydiscover that different files are being r ecorded under the sam e nam e if in RT F format! ), there is an im portant inconsistenc ybetween the UIL and the EUPL text. W hat is suggested b ythe sequence of steps in the UIL is indeed that onl ythe t ype of the file is being changed (not its path and nam e). T he above m acro was generated b ythe following sequence of steps:

I. Click on F ile on the m enubar;

II. Position cursor on Save A s� on the pulldown m enu;

III. In dialogue box, roll Save as t ype list of form ats till Rich T ext Form at (*.rtf) is found;

IV. Depress m ouse button and click on the S ave button.

T he user never provided the file nam e and path in the above dialogue, so there is no r eason to believe that the m acro should capture input that the user has not specified. T he coded gener ated bym acro recording is not an adequate sem antic description of the interactive discourse produced b ythe user at the interface level. An acceptable sem antic description of the interactive steps m entioned above would be:

Sub Save_as_RTF( )

ActiveDocument.SaveAs FileName:="*.rtf", FileFormat:=w dFormatRTF, _

LockCo mments:=False, Passw ord:="", AddToRecentFiles:=True, WritePassw ord _

:="", ReadOnlyRecommended:=False, EmbedTrueTypeFonts:=False, _

SaveNativePictureFor mat:=False, SaveFormsData:=False, SaveAsAOCELetter:= _

False

End S ub

T he ^*.rtf~ sign in the EUPL code would be sem ioticallycontinuous to the s igns the us er encounters in the interface dialogs. Im plem entation intricacies of Visual Basic do not allow for this sort of coding, and dem and that users reallyk now an enorm ous lot of the EUPL to be able to de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 16 /-- program how to capture the nam e and path of the current file being edited. So, the translation from EUPL into UIL is flawed in this case.

However, other sorts of problem s m ayoccur. For instance, if the user chooses to use the m acro editor instead of the recorded (supposing that he or she k nows the EUPL well enough), all the programm ing power of the language is suddenl ywithin reach. T hus, an ything that constitutes a s yntacticallycorrect program in VBA is an executable (though possibl ynot purposeful) m acro.

Such is the case of:

Sub EditedMacro( )

SaveAsAOCELetter = False

End S ub

T he AOCELetter attribute does not appear in anyof the t ypical SAVE dialogs in W ord 7.0 (it is a highl yspecialized param eter valid onl yin Macintosh com puters). T hus, although the m inim al code above is s yntacticall ycorrect, it is pragm aticall yus eless from an interactive perspective. Not onl ydoes a PC user ignore the potential sign that could be associated to it in the UIL he or she is accustom ed to, but also the effect of this m acro on the docum ent m aybe null 5 .

Here, another dim ension of the Semiotic Continuum Princ iple can be used to rule out this k ind of code. W e will suppose that the gramm atical rules that operate for the VBA m acros above are roughlythe following:

Vocabular y(excerpts):

ActiveDoc um ent.SaveAs: task _object, type:file

FileF orm at: param eter,type:file,subt ype:{ wdform atRTF,wdform atDOT ,�} wdform atRtf: value,subt ype:wdform atRT F

SaveAsAOCELetter: <param eter>,t ype:file;subt ype:{true,false}

False: value,s ubt ype:false

Generative Rules (sim plified excerpts):

<m acro> ® ` Sub´, <label>, `( )´ , <bod y>, `End Sub´

<body> ® <task _object[type:t]>, {<param eter[type:t, subt ype:st]>, `:=´ ,

<value[subtype:st]>} +

<bod y> ® {<param eter[type:t, subt ype:st]>, `=´, <value[subt ype:st]>} +

<param eters> ® <label>, { `, `

<label>}* | e

Given the requirem ent that texts in the EUPL m ust be translatable into UIL actual or potential signs, we should rewr ite the above gramm atical excerpts so that the yreflect, s yntactically, the continuum between the two languages (the EUPL as the source, and the UIL as the target). T he following set of rules illustrates the k ind of phenom ena that could be captured:

Generative Rules (sim plified excerpts):

<m acro_text> ® ` Sub´, <label>, `( )´ , <body>, `End Sub´

<body> ® <task _object[type:t, dialog:d]>,

{<dialog_param eter[type:t, subt ype:st, dialog:d]>,

`:=´ ,

<value[subtype:st, dialog:d]>} +

Basicall y, the invariant featur e dialog:d is binding all the s yntactic elem ents of a m acro_text together, and representing the cohes ion and consistenc yof the generated c ode. In F igure 7 we see the corresponding dialog for this exam ple. In it there are a num ber of widgets that m ust be m ark ed for co-occurrence in this context. So, the Save button would have the sam e dialog featur e

5 Running this macro on a PC causes no tangible effect on the document or the application.

de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 17 /-- value d_save_as as the Canc el button or the Save in: pulldown list. T hus, an enhanced new

<m acro_text> structure code for the Save_as_RT F, given the dialog in F igur e 7, could be:

Sub Save_as_RTF( )

ActiveDocument.SaveAs FileName:="*.rtf", FileFormat:=w dFormatRTF, _

SaveVersion:=~No_change~, Options:="No_change"

End S ub

In it, the textual cohesion control feature ^dialog~ and its constant value d_save_as would be specified in the Vocabular yof the language, in the following illustrative way:

Vocabular y(excerpts):

ActiveDoc um ent.SaveAs: task _object, type:file, dialog:d_save_as

FileF orm at: dialog_param eter,type:file,subt ype:{doc,rtf,dot,txt,�,htm l}, dialog:d_save_as

*.Rtf: value, subt ype:rtf, dialog:d_save_as wdform atRtf: value, subtype:wdform atRT F, dialog:d_save_as

SaveVersion: <dialog_param eter>,t ype:file;subt ype:{Cahnge,No_change}, dialog:d_save_as

Options: <dialog_param eter>,type:file;subtype:{Change,No_change}, dialog:d_save_as

No_change: value, subtype:no_change, dialog:d_save_as

Figure 7: the UIL base for a sem ioticallyc ontinuous EUPL code

T he <m acro_text> structure code results from the four steps listed at the beginning of this exam ple. T hus, the ^*.rtf~ sign stands for the case where the nam e of the file is inferred by the application, and not t yped in b ythe user. T he ^No_change~ s ign stands for unchanged settings in subdialogs engaged if the user presses either the O ptions� button or the Save V ers ion� button on the left. If these buttons are pressed, the <m acro_text> structure is extended with the changes that are signaled and achieved there. In addition, the fact that the EUPL is itself an interpretive abstraction of som e other language (the applic ation´s programm ing language) allows us to predict that the ^*~ sign can be correctl yinterpreted bythe EUPL, as well as the <m acro_text> constructs them selves.

Discussion

Software evaluation m ethods and techniques have been classified into five groups [Preece et al.´94]: user observation; questionnair es; exper im ents; interpretive evaluation; and predictive evaluation. Depending on whether designers are engineering towards a target, tr ying to understand reality, com paring design alternatives, or verif ying conform ityto standards, the value of a m ethod or technique will increase or decrease. Given that EUP is itself a design activit y whose pr oduct m ust be usable for the user-designer ( who is also, t ypically, the onl yuser of the product), im portant distinctions m ust be m ade about this classification.

de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 18 /--

Starting with the aim s of evaluation, engineer ing towards a tar get requires a quantitative m etrics with which to m easure the product´s perform ance. T he product of EUP environm ent design is, as we have seen, a sem iotic (comm unicative and linguistic) s ystem . T hus, the quantitative m etrics required to perform this k ind of evaluation should assess the languages in which users express and applynew des igns. T he imm ediate hurdle on the wa yto selecting such m etrics is that there is no wayto isolate and delim it the user´s design intent. And, without an objective and reliable representation of the goal against which success or failure m ust be determ ined, quantitative m etrics lose value. Even if users state, in fluent natural language discourse, what their goal is when tr ying to extend an application, there is not a wayto capture the exact sem antics of what is said.

T he m eaning of a new need and feature is in the m ind of the end user that extends the application under pragm atic conditions that have not been antic ipated bythe original application´s designer. Consequentl y, such m etrics as sem antic and articulator ydistances [Hutchins et al.´86] onl ym ak e sense relative to the product of EUP, but not to the pr ocess. Other m etrics lik e error rates and duration of the task also require that the goal and context of the design task be controlled, other wise the identification of dependent and independent variables m aybecom e im possible.

But if evaluation is done to understand reality, then EUP environm ents not onl ycan but also should be extens ivel yevaluated. Although there is a considerable am ount of research about EUP techniques and approaches, a character ization of what EUP is and what cognitive task s the users perform while the yare m ak ing changes to an original application has not reached the front stage in HCI.

A com parison between concurrent EUP design alter natives requires an underl ying m odel of EUP, against which the variations in perform ance can be explained and justified. But, since EUP itself is little understood, m odels are still incipient and im plicit in various research initiatives that strive to develop EUP applications in which experim ents can be run. W ith the result of experim ents, m ore will be understood, and m odels will certainlyem erge.

In this context, the conform ityto standards is definitel ya prem ature aim for EUP evaluation. T he m ost adequate one is certainlythat of understanding realit y, for which som e techniques have been proposed. Preece and her colleagues propose that obser ving users, applying questionnares and interviewing, as well as perform ing interpretive anal ys is, are alternative ways to reach for this goal.

One of the characteristics of observing phenom ena is that inevitabl ythe obser ver is im pregnated with what he or she wants to obser ve. Nevertheless, logging software usage, using video and audio tapes, register ing verbal protocols, all of these techniques collect data that can not onl y reinforce and discard hypotheses, but also be revisited when m ore solid theoretical tenets are k nown or proposed.

Ask ing for the user´s opinion about selected aspects of EUP or about EUP in general produces a wealth of insights about reality, and can be used to identif ythe dim ensions of end-user design that extensible application designers m ust, them selves, have in m ind. However, interpretive evaluation m ethods seem to com plem ent the form er with the perspective that EUP is a highl y subjective activity( if not totall ysubjective, cons idering the creative pr ocesses that it strives to support). It can help des igners see the nature of EUP as dealing with the unpredictable and the undefined, for which no engineering m ethod in a strict sense can be applied.

Other m ethods and techniques for evaluating non-EUP applications are inadequate for EUP because the yassum e (im plicitlyor explicitl y) that the application´s m odel is stable and that the application´s designer is the one in charge of creating and comm unicating this m odel. F or instance, popular heuristic evaluation m ethods deal with design pr inciples (tak en from [Preece et al.´94]) such as:

de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 19 /--

· Use sim ple and natural dialogue

· Speak the user language

· Minim ize the user m em or yload

· Be cons istent

· Provide feedback

· Provide clearl ym ark ed exits

· Provide shortcuts

· Provide good error m essages

· Prevent errors

Exam ples presented in this paper show that these pr inciples applyto EUP as well as to non-EUP applications. Nevertheless, the yfail to show that the original application´s designer m ust also design the m eta-language for his or her design principles in such a wa ythat a user can understand it and use it. So, the above principles m ust be applied to them selves, and be stated recursively, lik e in the following few illustrative instances:

· Use sim ple and natural dialogue about using sim ple and natural dialogue

· Use sim ple and natural dialogue about speak ing the user language

· Use sim ple and natural dialogue about providing feedback

· Use sim ple and natural dialogue about providing clearl ym ark ed exits

· Provide feedback about using sim ple and natural dialogue

· Provide feedback about providing feedback

· Prevent errors when tr ying to pr event errors

T he sem iotic engineering principles proposed in this paper are one step in the direction of m odeling EUP. T he availabilityof a m odel, even if prelim inar y, strengthens the power of evaluation and helps dem arcate the lim itations of m ethods, techniques, and m odels, them selves.

W e have shown that, in view of som e typical EUP situations, these principles can characterize the source of problem s and inform the expected solutions.

T he Interpretive Abstractions and Semiotic Continuum principles can also be used to classif y different types of languages (or sem iotic s ystem s, in m ore precise term s) that can be encountered in EUP applications. T he im plicit m odel in these principles is one in which there are two related languages in ever yextens ible application: the UIL and the EUPL. If the UIL is an interpr etive abstraction of the EUPL, and the UIL and EUPL are sem ioticallyc ontinuous, then we have a qualified EUP environm ent. W e cannot sa y, without em pirical evidence, that this qualification is sufficient to guarantee EUP usabilityand applicabilit y. However, it is certainl y distinctive of m ore and less sem ioticall ycom plex environm ents. Sem ioticall ycom plex ones require from users longer abductive chains in generating successful interpretations for signs. T his is a cognitive indication of the com plexit yof the environm ent, but a ps ychological account of EUP falls outside the scope of this paper. If the adequac yof this qualification is back ed bycognitive evidence, we can conjecture that end user programm ing languages must be sem ioticall y continuous with the user interface language of the applications in which the yare em bedded.

Nevertheless, the surve yed EUP languages are not sem ioticall ycontinuous with the UI languages of their respective applications. T he two pr inciples can, in this case, char acterize variants of

EUPL. In T able I we summ arize the different consequences of a sem iotic discontinuitybetween

UIL and EUPL, and thus identif yfour of these variants. Note that there are dependencies between the conditions on the first colum n. For exam ple, if the EUPL cannot provide a sem antic description of the UIL, then it doesn´t m ak e sense to tr yto translate EUPL text into the UIL. Also, without a s yntactic m ark er for text, the last condition is not applicable.

I T he UIL is not an

Interpretive Abst raction of the EUPL.

· If the sem antics of UIL cannot be described in

EUPL, then a consistent Macro

Recording/Editing m echanism cannot be de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 20 /-- designed and the expression of EUPL texts in the UIL is not guaranteed.

· If a user of UIL cannot m ak e satisfactor ysense of all lex ical and phrasal UIL signs based on pattern recognition, UIL docum entation and his or her own com puter literacy, then the user cannot design extensions to the UIL in the first place.

II T he EUPL is not itself an

Interpretive Abst raction of some other language(s).

· If a user of EUPL cannot m ak e satisfactor y sense of all lexical and phrasal EUPL signs based on patter n recognition, EUPL docum entation and his or her own com puter literac y, then the user cannot express him self or herself in EUPL.

III T he EUPL does not have a syntactic instance of

<text >, as a specific structured o rganization of sentences.

· W ithout a s yntacticallydistinct construct of a higher-order than that equivalent to an executable instruction, block or program , the user is prone to generate executable code that is disconnected from the interface m odule (and thus, unusable).

IV Even if a user know s the

UIL and the EUPL, h e or she cannot alw ays translate an arbitrary instance of EUPL <text> into UIL.

· T here are texts in EUPL that cannot be expressed b ythe UIL, and therefore require that the user designs another interface language

(not a just a der ivation of the existing one).

T able I: A character ization of EUP language types

T able I also supports the conclusion that building novel applications in an EUP environm ent extrapolates the boundar ies of sem ioticall ycontinuous languages. Novel applications are novel languages per se . T heyare single-purpose languages, as we have argued previousl y. T hus, the abilit yto generate novel and distinct single-purpose languages cannot be achieved b ya s inglepurpose m etalanguage. Onl ya programm ing language can achieve this goal. W e can see that this differentiation leads to a m ore accurate elaboration of the goals stated b yFischer, for exam ple [Fischer´98]. If users are expected to be able to design novel applications, then the y m ust be able to program with general-purpose languages. However, if users are expected to be able to design an elaboration of the original software application, then the ym ayfind enough resources in end-user programm ing as qualified b your sem iotic engineer ing princ iples.

T here are, additionall y, som e im portant open issues associated to the principles proposed in this paper. T he yconstitute an agenda for further research about EUP usabilit y, applicabilit y, and m odeling. One of these has to do with the contents of docum entation about com puter languages.

T heyplayan indisputable role in helping users m ak e sense of the languages the yuse, but the y are them selves the result of a design pr ocess. In EUP environm ents, the or iginal des ign intent conve yed b ythe application´s interface m ust be addressed b ydocum entation writers, since users need to becom e proficient in that unique application language. However, software docum entation

[T heodos´91, Careyet al.´92] and design docum entation [Mor an and Carroll´96] techniques do not allow us to predict the k inds of contents a user will find in this source.

Another open question has to do with the granular ityof signs in the UIL and the EUPL. If granularit yis the same (though this is an ideal situation), we can think of an isom orphism between interface and end-user programm ing language. T his is apparentl ya condition that m ust de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 21 /-- prevail for visual programm ing proposals [Chang´90]. However, if the granular ityis not the sam e, the length and the nature of the reasoning process m aylead to different approac hes. For instance, if the reasoning requires onl ydeductive reasoning, we m aythink of m echanizing the gener ative steps, and having s ystem s lik e those proposed in the programm ing b ydem onstration paradigm . Nonetheless, if long abductive reasoning is required, m echanization m aybe too com plex or im possible, altogether. T hus, onlya hum an programm er would be able to spec if yhow goals can be achieved b ysteps of actions.

In sum , the ideas presented in this paper are intended to help m odel EUP on a sem iotic basis, and provide principles that can be used to distinguish the various k inds of EUP techniques and approaches. T his should facilitate the definition and inter pretation of em pirical studies, and point at directions in which sem iotic engineering should itself be im proved to provide m ore adequate accounts of end user programm ing activities.

Acknowledgment

The author would like to thank her colleagues Raquel Prates and Simone Barbosa for their substantial contributions to this work. She would also like to thank Tom Carey and two anonymous referees for insightful feedback about the first version of this paper. Last, but not least, the author expresses her gratitude to the members of the Semiotic Engineering Research Group, in PUC-Rio, for their constant enthusiasm and incredible intellectual energy. This research project is partially funded by CNPq, the

Brazilian council for the development of science and technology.

References

[Andersen´90] Andersen, P.B. A Theory of Computer Semiotics . Cam bridge. Cam bridge

Universit yPress. 1990.

[Andersen et al.´93] Andersen, P.B.; Holm qvist, B.; Jensen, F.F. (eds.) The Computer as Medium.

Cam bridge Universit yPress. 1993.

[Apple´98] Apple Com puter. Hypercard. Software Docum entation. 1998

[Barbosa etal.´99] Barbosa, S.D.J.; da Silva, S.R.P.; de Souza, C.S. ^Extensible Software

Applications as a Semiotic Engineering Laboratory ~ . T o be published in W orking Papers in the Semiotic Sc iences . Legas, Ottawa, Canada. 1999.

[Brown´95] Br own,G. Speakers, listeners and c ommunication . Cam bridge. Cam bridge Universit y

Press. 1995

[Careyet al.´92] Care y,T .;Nonneck e,B.; and Mitterer, J. ^ Prospects for Active Help in O nLine

Documentation~ . In Proceedings of the ACM Tenth International Conference on Systems

Documentation 1992 p.289-296

[Chang´90] Chang,S.K. Visual languages and visual programming . New York . Plenum

Press.1990

[Cordy´92] Cordy, J. ^ W hy the user interface is NOT the progr amming language: and how it can be~. in M yers,B.A. ( Ed.) Languages for developing user interfaces . Boston. Jones and

Bartlett Publis hers. 1992

[Cypher and Sm ith´95] C ypher, A. and Sm ith, D.C. ^KidSim: End User Programming of

Simulations ~ . In Proceedings of ACM CHI’95 Conference on Hum an Factors in

Com puting System s 1995 v.1 p.27-34

[Cypher´93a] C ypher, A. ^Eager: Programming Repetitive Tasks by Demonstration~ . In Cypher, A.

(ed.) W atch W hat I Do: Progr amming by Demonstration .

[Cypher´93b] C ypher, A. ^The Practical Use of Macro Recording: A Case Study Customizing

Interfaces ~ . In Proceedings of the East-W est International Conference on Hum an-

Com puter Interaction: Proceedings of the EW HCI’93 1993 v.2 p.203-210

[Cypher´93c] C ypher, A. (ed.) W atch W hat I Do: Programming by Demonstration . T he MIT Press.

Cam bridge MA. 1993.

[de Souza´93] de Souza, C.S. ^The Semiotic Engineering of User Interface Languages ~ .

International Journal of Man-Mac hine Studies . No. 39. pp. 753-773. 1993.

[Dertouzos ´92] Dertouzos,M. ^The user interface is the language~. in Myers,B.A. (Ed.) Languages for developing user interfaces . Boston. Jones and Bartlett Publishers. 1992 de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 22 /--

[DiGiano and Eisenberg´95] DiGiano, C. e Eisenberg, M. ^Self-disclosing design tools: A gentle introduction to end-user progr amming~ . In Proceedings of DIS ´9 5 . Ann Arbor, Michigan.

August 23-25, 1995. ACM Pr ess. 1995.

[Eco´76] Eco,U. A T heory of Semiotics . Bloom ington. Indiana Universit yPress. 1976.

[Eisenberg and Fischer ´94] Eisenberg, M. and Fischer,G. ^Programmable Design Env ironments:

Integrating End-User Programming with Domain-Oriented Assistance~. In Proceedings of

CHI´95 ACM Conference on Hum an Factors in Com puting. ACM Press. Pp. 431-437

[Eisenberg´95] Eisenberg, M. ^Pr ogramm able Applications: Inter preter Meets Interface~. SIGCHI

Bulletin . Apr. Vol. 27(2), ACM Press. 1995.

[Fischer´93] Fischer, G. ^Beyond Human Computer Interaction: Designing Useful and Usable

Computational Env ironments ~ . In Proc eedings of the HCI’93 Conference on People and

Com puters VIII 1993 p.17-31

[Fischer´98] Fischer, G. ^Beyond `Couch Potatoes ´: From Consumers to Designers ~ . In

Proceedings of T he 5 th Asia Pacific Com puter Hum an Interaction Conference. IEEE

Com puter Society. 1998. pp.2-9.

[Gamm a et et al.´95] Gamm a, E.; Helm , R.; Johnson, R.; Vlissides, J. Des ign Patterns: Elements of Reusable Object-Oriented Software . Addis on-W esley. 1995.

[Gudwin and Gom ide´97] Gudwin, R.R. and G om ide, F.A.C. ^An Approach to Computational

Semiotics ~. In Proceedings of ISAS´97. NIST . Gaithersburg, Md. pp. 467-470.

[Hoopes´91] Hoopes, J. (ed.) Peirce on Signs . T he Universit yof North Carolina Press. Chapel

Hill. 1991.

[Hutchins et al.´86] Hutchins, E.L., Hollan, J.D. and Norm an, D.A. ^Direct Manipulation Interfaces .

In D.A.Norm an, S.W .Draper (eds.) User Centered System Design, New Perspectives on

Human-Computer Inter action. Lawrence Erlbaum Associates. Hills dale, NJ. 1986. pp. 87-

124

[Jorna and van Heusden´96] Jorna, R. & van Heusden, B. ^Semiotics of the user interface~ , in

Semiotica 109 - 3/4, 237-250, 1996.

[Leite´98] Leite, J.C. ^ Modelos e For malismos para a Engenhar ia Semiótica de Interfaces de

Usuário.~ Ph.D. Dissertation. Departam ento de Inform ática. PUC-Rio. Rio de Janeiro.

October, 1998.

[Lieberm an´93a] Lieberm an, H. ^Mondrian: A Teachable Graphical Editor ~ . In C ypher, A. et al.

(eds.) W atch W hat I Do: Programming by Demonstration .

[Lieberm an´93b] Lieberm an, H. ^Tinker: A Programming by Demonstration System for Beginning

Programmers ~ . In Cypher, A. et al. (eds.) W atch W hat I Do: Programming by

Demonstration .

[Lotus ´95] Lotus Developm ent Corporation

®.

Smart Suite 96 . Software Docum entation. 1995

[Malone et al.´95] Malone, T .W ., Lai, K. and Fr y, C. ^Experiments with Oval: A Radically

Tailorable Tool for Cooperative W ork ~. In ACM Transactions on Information Systems .

Vol. 13, No. 2, April 1995. pp.177-205.

[Me ystel´96] Meystel, A.M. ^Intelligent Systems: A Semiotic Perspective~. International Journal of

Intelligent Control Systems. Vol.1, No. 1. March 1996.

[Microsoft´96] Microsoft Corporation. Microsoft

®

Office 97. Softwar e Docum entation . 1996.

[Moran and Carroll´96] Moran,T .P. and Carroll,J.M Design Rationale: Concepts, Techniques, and

Use . Lawr ence Erlbaum Associates. Mahwa,NJ. 1996

[Mullet and Sano´95] Mullet, K. and Sano, D. Designing Visual Interfaces . Menlo Park . SunSoft

Press. 1995.

[Myers ´92] M yers, B.A. Languages for Developing User Interfaces . London. Jones and Bartlett

Publishers, Inc. Boston. 1992.

[Nadin´88] Nadin, M. ^Interface Design and Evaluation ˘ Semiotic Implications ~ . In Hartson, R. e

Hix, D. (eds.), Advances in Human-Computer Interaction , Volum e 2, 45-100. 1988.

[Nardi and Miller´90] Nardi, B. and Miller, J. R. ^The Spreadsheet Interface: A Bas is for End User

Programming Applications and Case Studies ~. In Proceedings of IFIP INTERACT’90:

Human-Computer Inter action 1990 p.977-983

[Nardi´93] Nardi, B. A Small Matter of Programming . T he MIT Press. Cam bridge, MA. 1993.

de Souza(Apr´99) ˘ Semiotic Engineering Principles� p. 23 /--

[Norm an´86] Norm an, D.A. Cognitive Engineer ing . In Norm an, D.A. e Draper, S. (eds.) User-

Centered Systems Design . Lawrence Erlbaum and Associates. Hillsdale, NJ. pp.31-61.

1986.

[Peirce´31-58] Peirce, C.S. Collected Papers . Cam bridge, Ma. Harvar d UniversityPress. 1931.

[Pim enta and Faust´97] Pim enta, M. & Faust, R. 1997. ^Eliciting Interactive Systems

Requirements in a Language Centr ed User-Des igner Collaboration: a semiotic approach~ , in SIGCHI Bulletin, v.29, n.1, 1997.

[Preece et al.´94] Preece, J.; Rogers, Y.; Sharp, H.; Ben yon, D.; Holland, S.; and Care y, T .

Human-Computer Inter action 1994 Reading, Mass. Addison-W esleyPublishing

[Repenning and Am bach´97] Repenning, A. and Am bach, J. ^The Agentsheets Behavior

Exchange: Supporting Social Behavior Processing~ DEMONST RAT IONS: ^Pr ogramm ing with Less Programm ing~. In Proceedings of ACM CHI 97 Conference on Hum an Factors in Com puting System s 1997 v.2 p.26-27

[Repenning´94] Repenning, A. ^Pr ogramming Substrates to Create Interactive Learning

Environments ~. In Journal of Interactive Learning Environm ents. Special Issue on End-

User Environm ents. 1994. No. 4. Pp. 45-74

[Rheinfrank and Eveson´96] Rheinfrank , J. and Eveson, S. ^Design Languages ~ . In T .A.

W inograd (ed.) Bringing Design to Software . New York . ACM Press (Addison-W esley).

1996. pp.63-80.

[Sebeok ´94] Sebeok ,T .A. Signs: An introduction to Semiotics . T oronto. Universit yof T oronto

Press. 1994

[T heodos´91] T heodos, R.D. ^Text in Context: W riting Online Documentation for the W orkplace~.

In Proceedings of the Ninth ACM International Conference on S ys tem s Docum entation

1991 p.140-148

[T raynor and W illiam ´97] T raynor, C. and W illiam s, M.G. ^A Study of End-User Programming for

Geographic Information Systems ~ . In Empirical Studies of Programmers: Seventh

W orkshop . 1997 p.140-156