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ABSTRACT

Work is stuated adivity. Teking into account human fadors in evdudion invdves corsdering na orly
users but aso ther contexts of use. Consequently, the evduation d systems—from video-games to safety-
criticd interfaces—requires andysis of cortext to understand na only the dfed of cortext on usability but
adso the impad of atifads usability on usars  enviromrments. In the cae of safeyticd systems (SCS),
errors (by users or designers) may threden humean lives.

To asessthe degreeto which interface gauation methads currently acount for cortext, we have used the
reseach draegy taxonamy of McGrath as a framework for dassfying exising evduaion methads of
avidion domain and generd HCI interadive sysems. This framework enabled us to describe common
grounds and key differences of methads used in HCI and SCS, and to highlight aspeds of cortext thet
could beardyzed Lang eat Sraiegy.

For indance, charaderidtics of SCS, such as time-criticdity, unpredictability and dynamics, emphesize the
leading roe of operatiord cortext on the remaning work context incdudng physcd or tedincd
corgrants defined by organizatiordl, socid, culturd and tedhricd contexts which is na the cae for
generd HCI.
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I ntroduction

Best pradice in usar-catered design d interadive systems invdves iterative evduation In conducting
these evdudiors, it is necessry but na sufficient to find representative usars. In fad, taking into acount
humen fadors in evauation invdves corsdeing na orly users bu dso their cortexts of use So to
implement their evauations, developers must design experimental protocols that cover as many of the
relevant contexts of use a posshle These @ntexts may vary enamoudy. For example, depending on the
domain gpplicdion d the atifad to be evduaed, the mnext may be more or less sfety-criticd. But
developers eking to employ best pradice in evdudion face aproblem: how to charaderize @rtexts of
use in away thet is g/stematic encugh to engble them to design gppropriate evauatiors. Frst, we discuss
the importance of acounting for cortext in evduation Serd, we propose aset of dimensiors of cortext
that would be ussful for evauation Then using these dimensions, we review the extent to which interface
evauaion methads in human-computer interadion, both generdly and then spedficaly in the safety-
criticd domain of aviation, currently acount for cortext.

1. Context relevance in evaluation
1.1 Whyisitimportant to account for context in evaluation?

Cortext can be seen as a frame of reference a gpaceof shared knowledge (Brézillon, Pomerdl, & Saker,
1999, explored and exploited by participants in the interadion So to be usable, interfaces cannd be
divorced from cortexts as they depend onsituaiors of use and furthermore, they may affed social cortext.
Situational validity. Usability qualifies user-system interadionin a ontext of use (ISO, 1998 Karat, 1997).
Winogad & Flores (198§ emphasized that cortext, indudng socid and linguistic environrment, shapes
interpretation and gves meaning to adion From the standpoint of  Suchman (1987, cortext can be seen as
a resource upon which usars can draw. Therefore, the study of cortext is essantid becaise usars adiors
ae necessxily Stuated within particular spatid and tempora cortexts that are aqudd to the use' s
interpretation d computer systems (Cogper, 199). As context of use shapes usability, many authas,
indudng Beyar & Hdtzblat (1999 and Beven & Madeod (1994, remmmended representative
evauaiors in cortext (chace of representative tasks, users; red world environrment or, if na possble, a
very daose smulaion) aswell as context-oriented andysis methads.

Social context. Corntext sudy na orly helps determining the dfed artifad’ s usability in its cortext of use,
bu aso enables to identify the impad of the atifad on socid, culturd, and organizatiord cortexts (Brown
& Duguid, 1994, and espeddly on user praxis (Sachs, 1995. Brown & Duguid (1999 introduced three
dimengiors for the study of cortext: the ceter (the atifad in use), the periphery (the @ntext) and the
border which is distingushable if it plays a soddly reagnized roe. They argued that designers neal to
understand the role of border resources and to negatiate their change with users. Sachs (1999 emphesized
the neal to study work pradices before the desgn o a new atifad insteal of relying on the organizatiorel
view; atherwise, pradicewill bethe result of prescriptiors plus workarounds.

Thus cortext and wsability have atwo-way rdationship. Developers rely on cortext to hep users interad
with the system, and use of the system shapes the usars' contexts. Understanding the dfed of corntext of
use on usability and the impad of usability on cortext credes a basis for sysemdic iteraion d evauatiors,
indudng tracedili ty, assessment and reuse.

1.2 How do contexts vary across domains?

As domains vary, they provide different cortexts for interadion For example, the definition d what is an
“effedive” human-computer interfaceis na necessxily the same in aviation as in the office While mgor
gods of inteface usability indude minimizing human information processng, minimizing cognitive
demands on the user and avaiding errars, the relaive importance of these gods differs gredly between the
safety-criticd domain d avidion and the nonsafety criticd domain of the office In dfice atomation, the
gad is to avaid costly rework and schedue ddays (Butler, 1996, erors or poar performance lest unusable
software “result in employee disstisfadion, high staff turnover, absentedasm and tardiness (Henderson,
Podd Smith, & VardaAlvarez, 1995 p. 412. In cortradt, in sefety-criticd domains the key issle is to avoid
three dasses of risk: vitd, emlogicd and emnamic (Amdbeti, 1995 McCarthy, Hedey, Wright, &
Harrison, 1997). Safety-criticd systems (SCS) indude nudea power plants, avigtion, ar-traffic cortrol and
gpace missors. For SCS, the human performance that leads to incidents is sgnificantly shgped by the
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context (Woods, 1994. Moreover, cortext shauld be interpreted kroadly in conducting acddent
investigetiors (McCarthy e d., 1997; in this st of case, the naion d cortext shauld ke extended to
indude fadors guch as deficendes in training, lak o dtention to the human-computer interface and
ignarance of work routines and pradices. And evauaion d SCS requires greder dtention to context then
in the cae of nonsAfety-criticd systems because of the risks incurred in the event of error. Therefore, the
evauaion shauld corcen nd only the isolated usability of the tested interface bu aso the integrated
effed of interadionwith theinterfaceonoverdl useradivity.

2. Which context?

Given that domain cortexts have sgnificant variations, how can these rtexts of use be daraderized in a
way that is yystemdic enaugh to enable them O design gppropriate evdudiors? We aldressthis question
by employing a decompastion d the @rcept of context. Chater (2000 highlighted the main categories of
context to be oradeed in evduaion (1) work cortext, (2) organizatiordl, socid, culturd, tednicd
(OSCT) cortext, and (3) evduation cortext (see Figure 1). We examine eab part of this multidimensordl
Structure of cortext in turn.

1WORK CONTEXT
Team H
- | User 1 | | User i | i
Operational S errorrrrron, ol B vy ool
Context AN\
time-critical Tasks p
& dynamic Legende:
Y
Other Artifact in ﬁAffects
Artifacts use
‘HCI
II Users perform
tasks using
artifacts
2-OSCT CONTEXT 3-EVALUATION CONTEXT // :

Figure 1: A multidimensiond structure of context

Work context can be ather static, including users, tasks, the atifad in use, the other artifads (such as
for instance operatioral procedures, or other interfaces nat currently in use). It may dso be
operationd described by the adivity history, ongoing adivity, work phase, systems gdates, occurred
and ocaurring events, and the kind of situationin progress such as narma, abnarmal, and emergency.
OSCT (Organizational, Social, Cultural, Technical) context is defined by internatiordl, and natiorel
safety rules, natiord and organizatiord culture, organizatiordl knowledge, memory, drategies and gods
(safety, effidency, emnamy, paformance), the task doman, work, product sandards, rules, standard
operaing procedures, and laent erors (Reason, 1993. Organizatiord latent errors may indude, for
instance dedsion erars a the management leve, training problems, tedhnicd latent errors may indude for
instance atifads desgn erors or incorsstencies and equipment maintenance falures. Organizatiord,
socid and culturd cortext may invdve peoplé s judgment a these different levels as wel as usars
acountability. (See eg., the andyss of McCarthy, Hedey, Wright, & Harrison (1997 of the rdationships
betweenwork adivity and acountabili ty). Thesefadors may influenceusers  behaviors acordingly.
Evaluation context is described by the evauation charaderistics, including evauation dojedives,
experimental protocol (such as enarios, evauation methods, evaluation criteria, smulation tods and
environment, and test users). These data can be used to assessthe redism (the gap between evauation
implementation and work cortext), the generaizability and the predsion d the evduation and its
results.

3. Context and evaluation methods

Maost of the evduation methads used in the safety-criticd domain o avidion, are methads adgpted from
generd HCI pradice (eg. Irving Pdson & Irving 1994 Pdmer, Rogas, Press Laordla, & Abbott, 1995.
Irving et d. (1999 suggested that modern automated offices and advanced-tedindogy cockpits are

-3/7-



Submisson to CALIE’ 01

comparable in the sense thet both dfice workers and plots supervise mmplex automated systems. They
corcluded, therefore, that evauaion tedniques developed for human-computer interadion could be used
and adapted to the aiaion doman. Smilary, the generd-pupose @gnitive wakthrough evauation
tedingue hes been adgpted to uerding procedures for commercid arcraft (Nowvick, 1999 Novick &
Chater, 1999 The algptation d methads lies essntidly in ther implementation, in the means used and,
most importart, in the data they andyze. These daa indude domain and cortext knowledge & wel as
criticd issues (Cheter & deBrito, 1999.

In ader to asessto what extent evaluation methads acaunt for cortext, we have dassfied HCI and SCS
evauaion tedinques (see figure 2) usng McGrath' s (1995framework (see Chater, 2000. McGrah
disinguished quedrants correspording to four reseach drategies fidd drategies, experimentd Srategies,
respordant Strategies, and theoreticd drategies McGrah' s taxonamny setshe limits for ead reseach
Srategy of: (a) the generdizability of the evaluation methad results (b) the predson d measurement of the
behaviours being suded (c) theredi sm of the situationwithinwhich the eviderceis gathered.

Experimental strategies
Labexperiments | Experimental simulations
« Debriefi . . * Usability testing and engneering
S:dl'”g :J“‘S"g"g“'“’e ex: [Nidsen, 1993] * Video andlysis
[Marshall et al., 1995 ex: [Kennedy, 1989
* Think doud * Protocol analysis
ex: [Wrightetal., 1991] ex: [Ericsonet al., 1980]
L N H e u
'g *Evauaingadatdink interface *Evauatingfor dataink %
B [Chater et al., 1998] interfaces Q
E N [Rehmann, 1995] B
€ *Guiddines j ~Ciiteria « i * Deviation form 3
3 [amithetal, 108g | [AE1994) Evduation of ! 3
N ! *HAZOP textud formats 9'0@"5 L ) b
o in [Kirwan,1998] [McGann1992] [de Brito, 1998] PGS + Contextud design
*Ergonamic criteria ! " [Speyer e al., 1995] iBeyar etal, 1997]
@  [Basienetal 1997] | *Guiddines i i
s i T
IS S [?a!ma aail.l,j].QQS] o *Minima crew catificaion o
§ *Inspection E o cJOge:tlveV’i‘l Fdziggon P [Speyer, 1992] ¥ Ethnamethoddgy o
B [Niesnetal,1994] | Procedues[Novick,1999] i : [Stchman, 1987] 2
= ; s
% *Viglancein long-range flights [Cabgn E’
2 al., 199 [ o
5 | . aal., 3 Ir* Ethnayaphy 7
! * Devidtionfrom e [Nardi, 1997]
g *Interview ! procedures *Distributed cognition E
Johreonetal., 1996] | i i
[ 1 | [deBrito, 1998] (Hutchinsetal 19911 L v/er anlysis
: * COCOM * CES X : [BrunCottanet al.,
« UMI ' [Hollnagd, 1993] | [\woocs et al., 1995] 1995]
& [Kirakowski et al., 1992]1 H s
2 i ) * COSMO =
3 * GOM SontheCDU [Irving [Cacdabieet al., 1993] Q
% etal., 1994 s
5 _____________________________________________________________ [}
* SRK
. [Rassmussen, 1986]
* Theory of adion
[Norman, 1986] * Interading blocks N * CCT
[Boy, 1998] PUM i al., 198!
+ GOMs[Cade d., [Younget al., 1989] [Kieras et al., 1985]
1983 John, 1995] *TAG
[Payne e al., 1995]
Formal theory Computer simulations
Theoretical strategies

Figure 2. Classfying instances of HCl and SCS ewaluation methods in McGrath's adapted research taxonamy
(methods used in HCI are in the periphery, methods used in SCSare in the center)

These methads are drawn from the generd HCl literature (Beyer & Hdltzblatt, 1999 Boy, 1998 Brun-Cottan
& WaAl, 1995 Card, Moran, & Newdl, 1983 Ericson & Simon, 1980 John& Packer, 1995 Johrson & Nardi,
1996 Kennady, 1989 Kieras & Polson 1985 Kirakowski, Porteous, & Coarbet, 1992 Marshdl & Nowick,
1995 Nardi, 1997 Nidsen, 1993 Nidsen & Mack, 1994 Norman, 1986 Payne & Green, 1986 Rassnussn,
1986 Scapin & Badtien, 1997 Smith & Maode, 1986 Suchman, 1987 Wright & Monk, 1991 Young Grea,
& Simon, 1989 and the SCS literature (Cabon Coblentz, Mdlard, & Fouillat, 1993 Cacdable & Kjaa-
Hansen, 1993 Chater, Skorski, & Boy, 1998 de Brito, 1998 Halnagd, 1993 Hutchins & Klausan, 1991,
Irving Polson & Irving 1994 Kirwan, 1998 McGann, Morrow, Rodvdd, & Mackintosh, 1998 Novick, 1999
Pame, Rogars, Press Latordla, & Abbott, 1995 Rehmann 1995 SAE, 1994 Speyer, 1992 Speyer & Elsy,
1995 Woods & Rath, 1995 Wynn, 199]). McGrah' s caegories can be in turn dassfied acording to the
place of evaduation red world context (fidd dSrategies), Smulated cortext (experimenta Srategies), and
out-of-cortext (theoreticd and respondant strategies).
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4. Context perspectives and representation

Given the kinds of cortext and the kinds of context-based evaudtion tedniques presented in Sediorns 3
and 4, how can these dassficaion schemes be used? Perspedives of cortext depend on evauaion
objedives, on the epertise, and kills of the evduators, on data-colledion methads used, on domains in
which they are studed, and on the range of cortexts provided by the place of evdudtion (red-work
contexts, smulated cortexts, and out-of cortexts). We oriragt ead d these threekinds of cortext in terms
of their effeds onevauation, particularly interms of how cortext is represented.

More mmplete evduatiors of work in cortext can be made in a red-world cortext, as the work and OSCT
cortexts drealy exist and db nd neel to be reproduced. However, it is essntid to teke into acount bias
derived from suljedive interpretations and behavior trandations from the perspedives of usars, andysts
and designers. Experimentd smulations invdve asubsat of red-world cortexts and need to be reproduced,
and sometimes this kind of bias will be introduced. Controlled experimenta smulatiors reaede users
envirorments and enable the didtation d catan behaviors, dtitudes, dresses, arars, and adiors with
resped to working corditiors, everts, and artifads in use. Baas (1980, dited in (Reason, 1993 emphesized
the interrdaiorship between fidd studes and experimentd smulaiors, naing that “Without naturdistic
methads, experimentad reseach may becme narow and Hind; but withaut experimenta reseach, the
naurdigtic goproadh is in danger of being suparfidd and uncatan.” (p. 39. Red-world and smulated
context drategies emphasize the andysis in the dynamic, time-criticd, complex operatioral envirorment,
ad its effed on usy' s adivity Stuak within sodd, culturd, and organizatiord cortexts badground.
While the focus of fidd studes in HCI generdly is primerily organizatiord and socid, their primary focus
in safety-criticd systems is more operdiordly oriented; the dynamic, time-critica, complex fedures of the
operatiord domain drive the adivity, which is corgtraned by organizatiordl procedures and rules.
Community issies such as tean coadination task divison ae essatid fedures of adivity in these
setings. Representatiors of cortext are usudly informd.

In aut-of-cortext drategies, the kind of cortext andyzed (organizatiordl, socid, culturd, tednicd, work
context) depends on the evdudion djjedives and on the evauaors. In generd, evaudiors are performed
based on farly representative scenarios of use thet restore part of the @ntext focused on the tested artifad
and tasks. Representation d cortext is thus informa and tadt in the cae of respordent Strategies, and in
the cae of theoreticd dtrategies, modds can represent part of contexts formally, depending on evauation
objedives, and the experience and kills of modds  designers. Respordent drategies are based on andysts
and wsers  representations of cortext. In cortrast, theoreticd Srategiesay on desgners representations of
cortext. In generd HCI, represented cortexts in the cae of respordent srategies and theoreticd Srategies
ded more with work cortext in terms of artifad, tasks, and wsars charaderidics. In the cae of SCS, these
tedingues emphasize the lealing rde of the dynamic, time-criticd, and risky operatiord cortext as
corgtrained by organizatiord fadors such as rules and operaing procedures. Corcaning the evauation
cortext, we have to corsder na orly the ggps between the pictured modd of cortext and the red world
but asothe gaps between cortexts  interpretation

The use of redundant or complementary methads to gather more relicble data (Mackay & Fayard, 1997
McGrath, 1995 is useful in the cae of dfficelike systems and reguired in the cae of safety-criticd
domains. In ader to maximize the vaidity of reseach results, Madkay and Fayard recommend wsing a
triangudion gpproadh acaoss the disciplines that meke up human-computer interaction psychdogy,
sociology, anthropology, ergonamy and computer science

5. Conclusion

As Suchman (1987 obsarved, work is stuated adivity. Consequently, the evduation d systems—from
video-games to safety-criticd interfaces—requires andlysis of cortext to understand na orly the dfed of
context on usability but dso the impad of atifads usability onusars  envirorments, espedadly in the cae
of SCS where arors (by users or designers) may threden humen lives. In this paper, we dassfied
representative tedhnques from generd HCI and the avigtion domain usng McGrath' s reseach taxonamy
framework. This framework enabled us na orly to describe @mmon grounds and key differences of
methads usad in HCI and SCS, bu dso to highlight aspeds of cortext that could ke andlyzed usng ead
drategy. Domain knaviedge determines at least part of the rtext to be mrsdered in evauaing a user
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interface For insance charaderidics of SCS, such as time-criticdity, unpredictability and dynamics,
emphasize the lealing role of operatiord cortext on the remaining work cortext incduding physicd or
tedincd cordraints defined by organizatiord, socd, culturd and tedincd contexts. In cortred,
complexity and avoidance of and recovery from erors, more conreded with sub-cortext of atifads and
their integration in the working environment, point up the importance of organizatiordl, sodid, cultura and
tednicd cortexts asmord or psychdogicd corstrants.
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