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Abstract

In this paper, we begin by discussing a definitbdérirust and settle on one provided by Lee and(8664). This
definition emphasizes the nature of trust as aitudé toward the uncertain future actions of annageSome
important implications of this definition for adam automation systems are discussed includingr(@} is not
synonymous with user acceptance; in fact, trustilshbe tuned to result in accurate usage decidignsperators,
(b) trust becomes more important with complex, &istla@utomation precisely because it becomes lessible for
a human operator to fully understand what and hiogv gutomation will operate in all contents, and gs)an
attitude, trust is produced and affected by methmtier than rational cognition. In fact, Lee arek$rovide a
model with three methods of tuning trust—analyticalagic and affective—with special emphasis onrtheles

trust for adaptive automation. Of these, we artiat the latter two will be more important in humateraction
with adaptive automation than they are with traditii automation. We define and discuss a methotlirihg

analogic and affective trust: the “etiquette” ofnfan interaction with automation. We provide exasgrom two
recent projects, one involving a laboratory experitrand the other involving human interaction veitiomation in
a realistic full mission simulation, which illusteatrust effects from etiquette-based design arstiesy behavior
manipulations.

1 Introduction

1.1 Whatis “Trust’?

Any discussion of trust, especially as it appliesittman-automation interaction, should begin wittheéinition of
terms. Trust is all-too-readily taken as synonymuwiith user acceptance, but repeated work ovepdse twenty
(Lee and Moray, 1992, 1994; Lee and See, 2004;skBaren and Riley, 1997) years has shown that biothese
concepts are complex and intertwined. Users somestiuse automation that they are suspicious ohgpsr
because they do not have the time or workload égpacdo otherwise) and sometimes do not use aatiom they
believe is competent (perhaps because they enjog doe job themselves).

Lee and See (2004) in their recent comprehensivieweof trust literature in the field of human facd, identify
trust as “the attitude that an agent will help eghian individual’s goals in a situation characiediby uncertainty
and vulnerability.” (Lee and See, 2004, p. 51).isTdefinition is based on a careful analysis ofaatvnumber of
studies and experiments of human operators trietiecebehaviors and | will use it in the remaindgthis paper. It
also conveys several subtle distinctions that mmgortant to both the study of trust in human-maehirteractions
and in deS|gn|ng systems so thaturatetrust results:

Trust is an attitude, which means that it is a oaspe to knowledge or belief about world statesttiat

not, itself, those beliefs. Even less so is ieaision based on those world states. Many otlutorfs

may intervene to produce automation usage or nageudecisions and, while trust is an important

element in those decisions, it is far from the amig.

Trust is an attitude, which means that, in paif @ffective. Trust and mistrust produce feeliagsut

the agents they are directed at, and we base firtigiein part on such feelings.

Trust is ego-centric in that it is centered onrarripretation about an agent’s ability and williega to

help me achieve my goals. In this sense, it isa#t potentially separable from basic knowledgmusb



how and agent works or what it does in an abss@gse, though if | know these things, | can geheral
infer (at the cost of cognitive effort) whetherraot the agent is likely to prove helpful to me ispecific

set of circumstances and, hence, whether or ritdust” it in those circumstances.

Trust plays its largest role in ‘situations chaesizied by uncertainty and vulnerability”. Trusays a
smaller role to the degree that the situation i$ wederstood and predictable. This distinctiowrigical
when discussing trust in highly complex and ad&ptivtomation systems and will be discussed in more
depth below.

1.2 Why trust matters (especially) for Adaptive Automation

If trust is an attitude about the future, uncerta@havior of an entity in context, then it is vemarly irrelevant to
speak of “trust” in a thoroughly understood anddjfcable system. | may say that | “trust” thatagple will fall to
the ground if | drop it because, after all, thexalways some uncertainty in the world, but thisasdly in the same
league as saying that | trust that my shares of gamy X will increase in value on the stock markétrust is
important precisely to the degree that knowledgk@artainty about future behaviors is absent.

When we fail to comprehend all the causal mechashiassociated with an observed behavior, or fdig@ble to
track them in a timely fashion in context, we aneréasingly forced away from an analytic understagnacbr
prediction of an agent’'s behavior and instead areefl to rely more heavily on trust. As automasgdtems
become ever more complex, their behaviors becorae legs predictable and even comprehensible to tiseirs.
This is likely to be even more prevalent with adaptiutomation systems whose very nature is nextobit the
same behavior all the time and, therefore, whictessarily introduce another dimension of uncenainto the
human + machine system. Worse, is the fact thawarg automation support (and, especially, augntecgnition
support) in exactly those situations were our bhsiman cognitive capabilities are inadequate—eitleeause they
are limited in their range of knowledge or in tipesed with which we can use them to analyze andddeor both.
Adaptive automation systems should, where posdilgbave in a predictable fashion and users shautdained to
understand how they will make their behavior decisi(Miller and Hannen, 1999), but this will not jpessible to
the degree that the automation reduces user warkiyaremoving some elements of decision and exacuti
authority from him or her (Miller and Parasuramanpmitted; Miller, Funk, Goldman, Meisner and Whist
volume).

Trust matters especially for adaptive automaticecisely because it will be largely unreasonablexpect human
operators to know (by analytically reasoning thiouhe same cognitive processes as the automatiorgll
circumstances, whether the adaptive automatiorhsing in a correct manner or not. Instead, dpesavill need

to haveaccurately tunedrust as to whether to accept or reject behadndsrecommendations provided by adaptive
automation. If we are to assume that the humamatgeshould remain in overall charge of operatigth the
adaptive automation in a subservient, aiding rtien this puts the designers, and ultimately, therators, of
adaptive automation systems in the position neetdingnderstand how trust is developed and used.

2 Methods for Trust Tuning

Lee and See (2004) identify 3 alternate routeshhatans use to develop and tune their trust: dnabmalogic and
affective methods. In each case, the method affacproduces the ‘attitude about the future, uagebehavior of
an entity’ as described above, but the route tdeamoig that effect is different, making use of diént cues,
knowledge and different degrees of cognitive preices

Analytic methodsnvolve a detailed understanding and rational sssent of the mechanisms by which the entity
produces its behaviors. Analytic methods assumienal decision making on the basis of what is kn@kout the
motivations, interests, capabilities and behavafrthe other party. In other wordsrdason taking into account
uncertainty, about your likely future behaviorsdih®n what | know about your motives and goalmsay trust you

to help me write a paper because | believe thatayeumotivated to publish good work (and get cretiit).

Analogic methodénvolve using observable cues to infer broadeegaty membership in a group or context and
then to apply trust assumptions for the group ashele to the newly encountered individual. Anatogiust can
also be based on the word or endorsement of intbames whom we trust. We trust bankers to behave
responsibly with regards to our money in large padtause they are a member of a category thated,Hrained,
supervised and watched over to ensure that thosavimes are maintained. When we encounter an iihaka



behind the counter in a bank, we are comfortabledimg them our money largely on the basis of tmalegic
reasoning about their category membership, notuseceve deeply reason through their motivations vétfards to
our money.

Affective methodare based strictly on the affect generated bytawdrd the entity. This method accounts for the
frequently recorded and observed finding (e.g.)Jdtia 1993) that we tend to trust those people dadices that
please us more than those that do not. While taffetrust tuning may be used as a shortcut foaibket reasoning

in the analytic or analogic senses, it is neveehelan effective method of managing our time atehtiwn under
conditions of cognitive overload. It is always legsant to have someone thwart our goals or pkamd,the
correlation of unpleasant feelings with thwartednsl is generally stronger than with outcomes thdeé up being
good for us. Thus, in conditions of uncertaintd @&specially when there is no time or attentioaglacity available

to perform more detailed reasoning about the stnatt may well be an effective heuristic to assuthat, if
something or someone is irritating, it does notehany best interests at heart and is, thereforetonog trusted.

A interesting and important final element of Lea &ee’s model is the realization that there isnapteral element
to trust building. It takes time to acquire, wheatlthrough experience, training or attending toréea and the
experiences of others, the knowledge required ¢oeither the analogic or analytic methods of ttustng. When
experiencing a new person or a novel system foffiteetime, with no background knowledge about #uent's
motivations, behaviors, or group memberships, tilg imformation a person may have about whetheratrto trust
it will be affective information. Furthermore, tie affect is negative enough to prompt a strong fidt trust”
response, then no further information will be gatlde Analogic trust, in turn, requires less knalge gathering
and cognitive processing than does analytic trndt@an, again, serve as a kind of hurdle to furéhxgerience. In
other words, if a person or system does not daasormble job of providing appropriate cues to ashi least
moderate levels of affective and analogic trustesf may never have a chance to build analytistiru

3 Applying Trust Tuning Methods to Adaptive Automation

The three approaches to building or tuning trust thee and See (2004) lay out can be used to fonaase
taxonomy of approaches to achieving accurate frustdaptive automation. Furthermore, as noted abthe
framework emphasizes the importance of analogic a&ffettive approachesto trust tuning—and, as we sdk
below, these methods take on particular importamcemplex, high criticality systems.

In the case of complex automation, | will generdigve a less than complete knowledge of the preseard
knowledge by which the automation operates. Thigarrticularly true of automation which is perfongimillions

of computations in a highly time pressured envirentnsuch as much decision support and controlngation in
high criticality domains. Indeed, one of the prineasons automation has been incorporated into systems is
because it can either do things that a human sirophnot do, or can do them faster than the human ca
Nevertheless, operators are still expected (andkrgéiy trained) to understand the basic “motivasibnf the
automation—that is, the reasons why it was built—duedprimary factors on which it bases its conclasioln this
sense, then, analytic trust approaches may not mtraadetailed thorough thinking through of the altyu
computational methods by which automation produbesbehaviors it does, but instead an applicatfogeneral
heuristics or presumed intentions.

3.1 Analytic approaches

Simplified analytic approaches provide some methioetgularizing, “chunking” and/or constraining ¢(htherefore
simplifying) the potential behaviors of the ageAtfamiliar, if far from simple, example of this Azimov’s “laws”

of robotics—a simplified set of heuristics that)edst in Asimov’s stories, nevertheless served liglidy abstract
view of how his robots actually produced their bébes. Robots were deemed to be motivated ‘newdrarm a
human or, through inaction, allow harm to come touanan’ and this, in turn, served as an elememixplaining
their behaviors. A human in Asimov’s fictional Maicould “trust” a robot even without completelydanstanding
its thought processes because s/he knew that idwiouturn reason and behave in accordance wihrtiotivation.

A somewhat more practical and current example wipkfying analytic trust tuning is represented bgylor's
(2001) Pilot Authorisation and Control of Tasks PP approach to human-machine interaction wherdigy t
human constricts the set of alternative behaviggslable to cockpit aids in an initial “PACT” or ntract which



coarsely predefines acceptable ranges of autombébavior. Later automation behavior can therefoueh more
readily be predicted and evaluated against thedvaork established in the PACT and, thus, analytistt(positive
or negative) is more easily produced even for § eemplex and adaptive automation system. Furtbezpthe
human operator has an enhanced awareness of ttem&ysability to behavior in accordance with the A
precisely because the operator provided the behawitstraints in the first place, they were not stiing s/he had
to learn. A similar benefit is sought in our owelehation and Playbo8% approaches to human-automation
interaction (Miller, Pelican and Goldman, 2000; Ieti| Goldman, Funk, Wu & Pate 2004; Miller, Funigl@man,
Meisner, Wu, this volume).

3.2 Analogic approaches

Analogic methods of engendering trust for autonmatitay be as simple as the knowledge that the atimmaas
produced by a “trustworthy” company or approvedabyagency known to be familiar with the operataidsnain.
Similarly, user communities and their accumulategpriessions and “lore” about how a complex piece of
automation behaves can place a very large roleildibg operator trust or mistrust.

Another way in which automation can tune trustasi@logic methods is via elements of the “personassumes—
and encourages the operator to perceive in itautbmation uses the professional “jargon” of a highained

domain (for example, the cadence, syntax and pdatizocabulary items of Air Traffic Control), thérencourages
operators to assume, via analogic trust reasottiaf)jt has the competence and range of reasobifiies of other

agents (primarily human air traffic controllers) avhise such language. Such an approach might iesmrer-trust

in the system if, in fact, it does not have thosgabilities.

Note that the “embodiment” of the system in an aied character (a la Cassell, Sullivan, PrevostGimarchill,

2000) is not required to achieve this effect—simigleguage usage or the presentation of informaitiostyles
unique to a specific domain might be sufficienttrigger analogic trust, whether warranted or n@n the other
hand, embodiment and personification open manytiaddi channels (i.e., voice, gesture, movemerpeapance,
facial expressions, etc.) via which the systemisriiace can either succeed or fail in conveyingugrmmembership
and therefore triggering analogic trust mechanisr@assell and Bickmore (2004) report a particuladynplex,

embodied real estate sales agent that manipulatesisational small talk in order to build enougiial trust to
enable it to introduce personally threatening temach as income levels and expected family size gart of its
attempts to suggest real estate properties anidghdivor couple might be interested in.

3.3 Affective approaches

Affective methods involve essentially anything whicesults in producing positive or negative affemwvard the
system. While we might like to believe that operatof highly complex equipment in high criticalipmains are
above being influenced by “interpersonal” annoyan¢er, conversely, pleasing layout and design)rethis
increasing evidence that this is simply not theec@d. Norman, 2004). Indeed, much of the phil¢sopehind
techniques of Crew Resource Management (e.g., Weframki and Helmreich, 1993) are based on undedsatg
and managing these “etiquette” and “style” variabfehuman-human cockpit interactions.

4 The Importance of Automation Etiquette

As Lee and See (2004) themselves point out, omedsting approach to achieving analogic and affedtiust in

complex systems is the “etiquette” that they exhibBy “etiquette”, we (Miller, 2002; 2004) meanettargely

unwritten codes that define roles and acceptableacceptable behaviors or interaction moves df @acticipant
in a common ‘social’ setting, that is, one betweetors which are presumed to be both complex aasbrably
understood according to intentional assumptionsn(i@#, 1989). Etiquette rules create an informahtiawt

between participants allowing expectations andrjpmegations to be formed and used about the behatiothers.

As such, they can serve an analogic function in dnsautomation interaction—for example, the useaohifiar

domain jargon in advice or reporting can serve asl&@ator that the agent using it (whether humaawdomation)
falls into the category of “those experienced ia ttomain” and should, therefore, be accorded tis teserved for
those in that category. Because etiquette beltmwar also intimately tied to what we traditionalyerpret as
“polite” or “rude” behaviors (cf. Brown and Levingp1987), automation etiquette also holds the pdagroduce
affective reactions in users, both positive andatigg.



As Nass has pointed out (Reeves and Nass, 1996&)arsiare highly prone to interpret computer belravio
according to the same scripts or schema that amemomly used for human-human interactions. As dised
above, the sheer complexity of adaptive automagimiems provides reason to believe that the roktigfiette in
tuning trust via analogic and affective methods rbayeven larger than it is in less complex systemée are
beginning to see some examples that trust, usexptaiece and even human + machine system perfornsarce
affected by etiquette variables. We will brieflgcliss two of these below.

4.1 Interaction expectations and their role in tuning trust: Rotorcraft Rlot's Associate

example

The U.S. Army’s Rotorcraft Pilot's Associate (cfolGcci, 1995), a highly complex adaptive automatsystem
designed to assist the two pilots of an advancedlascout helicopter, operated by inferring ongaimd necessary
tasks and then adapting information presentatiom$ @utomation behaviors to best support those .tadks
designing the information management and task atioc aspects of the RPA, we noted (Miller and Hamri999)
that rotorcraft crews are trained to communicati wach other about ongoing and future tasks. dByesestimates,
nearly a third of the crew members’ time is spentrew coordination activities—particularly in maiirting shared
awareness and coordination over who is doing wask tvhen. We suspected that for the associat®rwve this
capability—that is, not to behave in accordance withexpected etiquette for the task domain-- nmigake it seem
less trustworthy (via analogic means). Partly ireffort adhere to the associate metaphor in thisade, to provide
an ‘associate’ that would be a good team playerattempted to give the RPA some of this capabdisywell
(Miller and Funk, 2001). The RPA cockpit desigelided an innovative, task-based display to proWidecrew
with both insight into, as well as some degree aitml| over, RPA’s understanding of their interithis “Crew
Coordination and Task Awareness” display consisfedur small LED buttons located in the upper jmortof each
pilot's main instrument panel. The buttons reparttextual form, (1) the current inferred higlvéé mission
context, (2) the highest priority current pilotkag3) the highest priority associate task, andti) highest priority
copilot task. Pressing these buttons permitteueeipilot to override RPA’s current inferred tasksd assert new
ones (from an automatically scrolled list of higiherel tasks from the overall task network) viaragte push button
input.

Figure 1 shows the RPA cockpit simulation creatadefvaluation trials at the Boeing Company in Me&dzona.
The location of the Crew Coordination display icled in Figure 1 and an enlargement and intenggetketch of
the display is provided for clarity.

HOVER

AREA MANUAL

MISSION PILOT ASSOCIATE COPILOT

Figure 1. Location and appearance of the Crew Codination and Task Awareness display.

While pilots were not asked explicitly about thefust in the RPA, pilot's acceptance of the LED \&re
Coordination and Task Awareness display was highshkeown in Table 1. In spite of the perceived sial
inaccuracies in RPA’s task inferencing mentionedvah and in spite of some pilot complaints aboaidegquate



training in their use, most pilots found the indiwal task reports of the LED buttons ‘Of Considézabse’ or
‘Extremely Useful’. This provides some supportiagidence that our inclusion of a capability for threw to
interact directly with the associate’s assumptiabsut active tasks was a capability that pilotscaled—and that
may have served to improve their overall impressiohCIM’s capabilities and usefulness.

Table 1. Perceived usefulness of the LED Task Awaness Display (where 4.0="Of Considerable Use’ and
5.0="Extremely Useful'.

LED Button for: \

Mission Task 4.4
Pilot Task 4.3
Copilot Task 4.3

Associate Task 4.0

The subjective pilot response data obtained frogerées of full mission simulation trials (cf. Mitle1999; Miller
and Funk, 2001) suggest that the RPA system wegmediand implemented generally met pilot expeatatio
contributed to perceived pilot effectiveness, retlworkload and gained pilot acceptance. Pildéarty felt that
RPA provided benefit. Perfection in aiding and kiag pilot intent was not a prerequisite to theglsvof acceptance
we gained. To say what aspects of RPA design wéimately responsible for these levels of acceptais
somewhat difficult, but we suspect that two attrésuplayed a significant role. First, RPA was gesd to provide
high degrees of predictability, even at the codtefibility in managing displays in some instancéda some ways,
RPA was behaving like a new member of the crew—r{\tb avoid doing unexpected things and makingakéest
until it gained some acceptance. Second, thetiadddf an effective Crew Coordination and Task Aereess
display may have contributed to pilots’ willingnesstolerate these occasional ‘mistakes’ on RPAig.p Again,
from the crew’s perspective, RPA was adhering toeeied crew etiquette and behaving like an accepjahior
member of the crew. Instead of jumping ahead akihg an action when it thought it knew what waggaon,
RPA generally reported what it thought was happgnfallowed the pilots’ lead, and gave the crewharce to
correct it before it made major mistakes.

4.2 Experimental manipulation of etiquette behaviors: Trust, usage and p®rmance
impacts

While the RPA example cited above was for a raalisystem tested in a full mission simulation, tleeults of
adapting an interface to support analogic trushgiare not conclusive. In this section, we sunineathe results of
a laboratory experiment (Parasuraman and Mille®42tn which etiquette variables were directly npatated and
the resulting impact on trust, automation usagdsé®ts and performance we observed. We were tein
whether “good” (i.e., pleasing) etiquette would gmnsate for poor automation reliability and resultncreased
usage decisions and whether “poor” (i.e., disptegsetiquette would wipe out the benefits of goatioanation
reliability.

From the vast range of human etiquette behavioes,chose to concentrate on a single dimension wel lab
communication style. Communication style referred to the specific wording of communications (efhiwas
held constant across conditions), but to the “migiiveness” and “impatience” of delivering text ssages. This
was chosen as an etiquette dimension availablecio firly primitive and non-personified automatioterfaces.

We tested 16 participants (both general aviatitstgoand non-pilots) on a flight simulation tadke tMulti-Attribute

Task (MAT) Battery, which has been used extensiulgrior high-criticality automation research (Rsuraman &
Riley, 1997). The MAT incorporates primary fligfite., joystick) maneuvering, fuel management, andine
monitoring/diagnosis task. Participants always qrened the first two tasks manually to simulate lthsy operator
of a high-criticality system. Intelligent autonati support, modeled after the Engine Indicator @nelv Alerting

System (EICAS) common in modern automated aircvadts provided for the engine monitoring/diagnosiskt
Automation monitored engine parameters, detectotgrgial engine faults, and advised participantenwand what
to examine to diagnose the faults. For exampleazh@sory message was: “The Engine Pressure RER&) is



approaching Yellow Zone. Please check. Also,a®ck Exhaust Gas Temperature (EGT). There saile
flame out of Engine 1.”

“Good” automation etiquette involved a communicatgtyle that was “non-interruptive” and “patienthile poor
etiquette was the opposite. In the non-interrgtiase, advice was provided after a 5-second waarid not at all
when the operator was already doing the requestédna Non-interruptive automation was “patient” timat it
would not issue a new query until the user hadsfied the current one. Interruptive/impatient aatoom, by
contrast, provided advice without warning and camewnhen the user was already querying EICAS . Aation
also “impatiently” urged the next query before tiser was finished with the current one.

These good and poor communication styles were edogdth the effects of automation reliability. Twevels of
reliability were chosen: low, in which automatiompided correct advice 60% of the time and higH480

We were primarily interested in the effects of eétie and reliability on users’ performance andhmir rated trust
in the automation. The percentage of correct diagamf engine malfunctions in all four conditiome ahown on
the left side of Figure 2. As expected, user diafjnoperformance was significantly (p < .01) bettenen
automation reliability was high (80%) than low (60%ess obviously, good automation etiquette sigaiftly (p <
.05) enhanced diagnostic performance, regardlessitoimation reliability. Perhaps most interestmghe effects
of automation etiquette were powerful enough torcome low reliability (p < .05). As the dotteddion the graph
on the left side of Figure 2 indicates, performaimcthe low reliability/good etiquette condition svalmost as good
as (and not significantly different from) that ihet high reliability/poor etiquette condition. Thefiedings on
diagnostic performance were mirrored in the redoltaiser trust, shown in the center of Figuretgh reliability
increased trust ratings significantly, but so dibd automation etiquette—to an even greater degrewlly, good
communication etiquette seems to have had a censisffect in reducing perceived user workloadaththigh and
low reliability conditions—as illustrated in the gitaon the right side of Figure 2.
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Figure 2. Results of etiquette manipulations in @wmation diagnostic recommendations presentationsno
correct performance (left), user trust (center) andsubjective workload (right).

A possible objection to these findings is that amerruption might be expected to degrade useropewnce.
Where the findings above due to the “rudenesshif automation—which interrupted to “nag” (thattis,provide
directives that users were working on, therebyatiffely telling the operator’s to ‘hurry up’)—or due the simple
interruption itself? To answer this question, Barean ran a control group of four participantsgsnterruptions
which were non-specific in content—for example, ‘iNaining primary flight performance is importabyt do not
forget to check engine parameters for possibleunatfon.” These interruptions were varied in thietrusiveness
as above—they were either preceded by a warningnahdffered if the user was engaged in diagnosis{n
intrusive) or were given with no warning regardlesk user activity (intrusive). Under these corutis,
intrusiveness had no significant effect on coridiegnosis of engine malfunctions or user trusigsti Thus, in
contrast to the main experiment, less rude, nosifipénterruptions were more easily ignored and dot adversely
affect user-system performance or trust, implyingt the adverse effects on trust and performansereéd in the
first experiment were the result of the rude “naggireminders to do work already being performatieathan the
intrusions per se.

These results provide strong, if preliminary, evicke for the impact of automation etiquette on ba#er
performance and trust in using an intelligent faméinagement system to diagnose engine malfunctihie we
did not collect any measures to indicate whethertthst (and, arguably, the performance) impactsevaeie to



analogic or affective mechanisms, it would seen #fiective methods are the most likely. We caecsiate that
analogic cues in the instructions that were prayideuld, if anything, have tendeditreasetrust since messages
were given in the form and using the language ddtierg (and, arguably, trusted) cockpit displays aernacular.
On the other hand, interruptions and “nagging” faustrating and unpleasant and, by the simplifiedrections
which exist at the analogic level, those who ddhstinings are unlikely to have my best interesthestrt and are,
therefore, not to be trusted or heeded.

These results also clearly show that building bdisautomation may not be enough for overall humanachine
system efficiency: both user diagnostic performaanue trust were lowered by poor automation etigueten when
the reliability of automation advice was high. thermore, there is some hint that good etiquetteccanpensate
for low automation reliability since users did leettvith well behaving automation (good etiquettegre if the

automation was unreliable. Some may find this tedisturbing, since it suggests that developingusbbsensitive,
and accurate algorithms for automation, a challemp¢msk at the best of times, may not be necessalgng as the
automation “puts on a nice face” for the user. Mild clearly be a violation of the dictum thatdt should be
tuned to reflect the actual level of performancehef automation, but it might nevertheless be targpespecially
in a commercial products setting. While some “simght be papered over in this manner, it wasrctlat thebest

user performance (and the highest trust) was addaiim the high reliability condition in which thetamation also
communicated its advice to the user in an etiqdegadly way. Hence, good automation that behavel should

always be the highest goal. We have shown, howelrat automation trust can be tuned to some extgrthe

etiquette that the automation exhibits and this maywe a useful tool in crafting automation behavifor optimal

use.

5 Conclusions

We have argued above that trust is not identicaiser acceptance, but instead should be regardagaxess of
tuning the user’s attitudes toward automation (ghdrefore, willingness to accept it's advice arahdviors) to
comply with the actual performance of the autonmatié\s designers of complex, high criticality syste we must
be aware of the factors that influence that trostbletter and for worse. The goal is not to gersiso accept our
systems, but rather to get them to accept and mskef those systems when they will be helpful taneject them
when they will not.

The conceptual framework of Lee and See (2004)igesvus with a taxonomy of methods for influendingt and
a model of how they interact. For complex, highiaality automation, and especially for adaptivetamation
which operates using augmented cognition technefygihere are many reasons to believe that anabigic
affective methods of trust tuning will play a coptelly greater role than do more memory, knowledge
experience intensive analytic methods. A promiding of research and design adaptations to tunst wia
affective and analogic methods is via the etiquetteibited by the automation. We have provided éxamples,
one a laboratory experiment and one a high fidslityulation of a realistic work environment, oftasces in which
we believe that the etiquette influenced the tofistperators of advanced automation equipment. iMuture work
remains to be done to refine our understanding tifuette and its impact on trust, but this work slathe
foundations.
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