Radical Empiricism, Empirical M odelling and the nature of knowing

Meurig Beynon

Computer Science, Universit yo fWarwick, Coventr yCV4 7AL

Abstract

This paper explores connect ions between RadicalEmpir icism (RE), a philosophic attitude developed by William James at the beginning ofthe

20 th century, and E mpir ical Modelling (EM), an approachto computer - based modelling that has been developed bythe author and his collaboratorsover a number ofyears. It focuses in particular on how both

RE and EM promote a perspective on the nature of knowing that is radicallydifferent fromthat typically invoked in contemporaryapproaches to knowledge representation in comput ing. This is illustrated in detailwit h reference to the modelling ofseveralscenar ios oflift use . Some potential implicat ions for knowledge management are brieflyreviewed.

This paper considers the potentialsignificance ofWilliamJames’s philo sophic attitude of

’RadicalE mpir icism (RE)’ [13] in relation to contemporaryproblems ofknowledge repres entation in the infor mat ion sciences. Current trends in co mputer techno logyand use provide a strong motivat ion for reviewing RE in this light. For instance, as Gooding relates in [11], our understanding ofhow scient ific knowledge relates to interaction w ith the naturalwor ld and wit h our peers is challenged bythe development ofvirtualrealit y environments, and the role that virtualexper iments have come to playin science. Such considerations have prompted a reappraisal ofthe fundamentalassumptions th at infor m the logicist approach to knowledge representation in AI, and called into question the extent to which knowledge is mediated by language rather than engagement with the world (cf. Cantwell - S mit h [9], Turner [16]). Inthis connect ion, the relevance ofRE stems fro mthe prior it yit ascr ibes to ’pure exper ience’, and its contention that (to paraphrase WilliamJames) the who le o fthe natureofknowing can be put into exper ient ialter ms ([13], p.56). The problemat ic aspect ofRE, as ident ified byBird i n [8], is that it is ofits essence inarticulate: " ... James’s pure exper ience has to be such that nothing can be said about it, ifit is to fulfilthe role for which it is cast". This distances

RE both fro mthe mainstreamphilo sophical tradit ions, and fr omthe received views of computer programming as intrinsicallybound up with for mallanguages and logical specification.

Empir ical Modelling (EM) is an approach to computer - based modelling that has been developed bythe author and his co llaborators at the Universit yo fWarwick over several years ( for background, see [1,2,3,4,5,6,7,15,17,18]). The product ofan EM exercise is fir st and foremost to be regarded as a source ofexper ience whose interpretation bythe modeller is not preconceived, but is to be es tablished in the mind o fthe modeller through an associat ion between exper ience ofthe modeland exper ience externalto the model.

Knowledge in such a context has the qualit ies that James attributes to knowledge in [13]:

it is a personalawareness on the p art ofthe modeller that one exper ience stands in a particular relat ion to another. To borrow James’s expressio n, exper ience ofinteraction with the modelis ’an exper ience that knows another’ that can act as a subst itute for exper ience externalto the mod elin a definite practical sense ([13], p.61).

This paper explores the extent to which, through model - building using EM, it is possible to track James’s exposit ion ofthe empir ical roots ofknowledge, with its emphasis on the fundamentalsignificance in s ense - making ofour capacit yto exper ience conjunct ive relat ions between things. This explorat ion touches on manyissues topical in moder n comput ing that are addressed in James’s account of RE, such as the nature of consciousness ([13], p.132 - 3), agency ([1 3], p.178 - 80, 185 - 6) and realit y([13], p.159 -

60). In what sense, and to what extent, it is possible to establish meaningful connect ions between James’s philosophic attitude and EM is itselfpotentially a controversial issue.

The author’s just ificat ion for proposing such connections stems fromhis own direct exper ience ˘ in particular fromthe wayin which James’s discussio n of’pure exper ience’ in [13] resonates with the issues invo lved in a detailed exposit ion ofmodelling wit h definit ive scr ipts. In Jame s’s terms, the thrust ofthe exposit ion will be to make it plausible that the exper ience o fEM ’knows’ pure exper ience.

The paper is in two principal sect ions. Section 1 reviews E mpir ical Modelling (EM) pr inciples and practice. Section 2 discusses William James’s philo sophic attitude of

RadicalE mpir icism and the parallels that maybe drawn between James’s account of’pure exper ience’ and exper ience ofEM. The paper concludes by identifying significant issues in knowledge management for which RE and EM may be seen as particular ly relevant.

1. Empirical Modelling

Empir ical Modelling (EM) is a termthat has been introducedto describe pr inciples and tools that support an unusualkind ofco mputer - based model - building. The development ofthis approach has be en the subject ofan extended research programme at the

Universit y ofWarwick that originated with the design ofa notation for interactive graphics so me 20 years ago (see [17]). EM is unusualin that it represents a for mof modelling oriented towards capt uring ’state - as - exper ienced’ and leads to the construction ofcomputer - based artefacts that have no preconceived or formallycircumscr ibed behaviour. It willbe helpfulto put this claimin context before present ing concrete evidence to illustrate it.

1.1 . The nature of EM models

It is a co mmo nplace fundamentalnotion ofcomputer science that the significant semantics ofa co mputer programis captured in the algorithmic behaviour that it implements. This notion leads onto the idea that alllegit imate com puter use is necessar ily essent iallyconcerned wit h specifying and implement ing abstract behaviours.

Whilst computer science acknowledges the need to design inter faces through which the user can direct or monitor computer behaviours, this is t ypicallyseen as beyo nd the remit ofthe core science ofco mput ing. Such a view ofcore computer science as fundamentally concerned wit h abstract mathemat icalconcepts ofcomputation and behaviour is cur ious in view ofkeytrends in the historicaldevelopment ofco mput ing pract ice.

The use ofthe computer ˘ or more preciselyo fcomputer - related techno logy ˘ to generate so - called virtualrealit y(VR) environments epitomises so me ofthe most significant issues. I fa VR environment is to have the qualit ies ofa realit y su ch as we exper ience in our ever yday life, the character ofthe inter face to the under lying co mputer modelofstate is a crucialrather a peripheralissue. In a realenvir onment, the user can observe the environment in ways that have not been preconceived, and conduct authent ic measurements and exper iments. It maybe possible in pr inciple to conceive how such a realenvironment can be implemented ifwe accept a reductionist view o frealit yand a logicist account ofhuman intelligence. Such a conception is of litt le interest either to the computer practit ioner or to the user, whose view of construction and use is guided by pragmat ic concer ns. For instance, we should not necessar ily expect to have per fect knowledge in order to construct an environment to assist us in the task of’knowledge management’. In anyevent, an environment in which onlyknowledge that has been previously encoded is recoverable is o flimited use.

Viewed fro mthe classicalco mputational perspect ive, the idea ofbuilding co mputer - based mod els that offer the user more than has been consciouslyencoded by wayo f’use cases’ (cf. [12]) seems paradoxical. To see this fromanother perspective, it is helpful to consider other model - building act ivit ies, such as those associated with what Levi - Stra uss character ises as br ico lage [14]. In br ico lage, the modeller ’s concept ofthe artefact under construction develops in conjunct ion wit h the artefact itself: the modeller gains feedback fro mexper ience ofthe unfor med artefact itself, and uses this feedba ck to guide its further development. To the extent that prototyping plays a part in computer program development, practical co mputer programming can be viewed in this light. In practice, feedback routinely affects the br ico leur ’s concept ion ofthe developi ng artefact in a much more radical waythan prototyping affects software development. The br ico leur is not constrained bythe pre - established convent ions for interpretation that typically frame a software product: in contrast, the wayin which the artefact is to be interpreted and used is in many aspects ill - defined and open to negotiat ion throughout its construction. EM may be seen as offer ing an approach to model - building with the computer that has these key character ist ics in co mmo n with br ico lage.

The classicalview ofco mputation is complementar yto a classicalview ofknowledge.

The concept ofbuilding programs that are optimis ed to serve a specific narrow function, and ofencoding infor mat ion in for maldata structures, promotes a prosaic view ofwhat knowledge and knowledge representation entail. Knowledge is seen as so mething to be possessed that can be expressed and recorded as a proposit ion, as in "I know the telephone number ofstaff member X". This view is appropriate in its proper context, as is implied by the use ofthe expressio ns ’per fect knowledge’ and ’only knowledge that has been previouslyencoded’ above. It makes sense to speak ofrecording the telephone numbers ofalluniversit y staffin a directory, and ˘ in the absence ofany further c ontext ˘ it would be absurd to search this directoryfor those who are blue - eyed and can play the bassoon. On the other hand, it is evident that developing a VR environment invo lves much more than encoding abstract knowledge about a real - world do main. A ke yissue is how knowledge about the domain is reflected in the interactive exper ience that the environment offers to the user.

EM differs fro mclassicalco mputer - based model - building in its relat ion to both computation and knowledge. The dist inct ion betwee n an EM modeland a computer programis analogous to the ’real - world’ dist inct ion between an open environment and a circumscr ibed procedure. To be familiar with an EM modelis analogous to being familiar with a cit y; to be familiar with a computer program is analogous to knowing how to use the underground to get fro mone station to another. It is helpfulto think ofthe EM model as something organic that grows and changes over time: there is no sense in which being familiar wit h a cit yis a limited notion ˘ we explore and obser ve more ofa cit yover time;

the cit ychanges; we change in our response to the cit y; we change the cit y. There is no reasonable sense in which familiar it y with a cit ycan be comprehensivelypreconceived;

in anymo ment, we can at most testifyto what is familiar in the particular aspect ofthe cit yofwhich we have immediate and direct exper ience. Though I maytell you with convict ion that the cathedralis out ofsight but lies just around the corner, I appealto my memor yand to my fai t h in the per manence ofplace, and know what only the act of taking us to the cathedralcan confir m. An EM modelis more generalthan a co mputer programin much the same waythat ’knowing how to use the underground’ sits wit hin the broader framework of’be ing familiar with the cit y’. The analogyalso helps to illustrate the ontologicaldist inct ion between the modeland the program. Ifwe take the per manence and reliabilit yo fa cit yenvironment and the gener ic and routine nature of our observation o funderg round transport for granted, then ’knowing how to use the underground’ is a skillthat can be viewed as independent ofany particular cit y, that can be exercised wit hout engaging wit h the totalexper ience of’becoming familiar with the cit y’. It is possibl e to imagine how a robot can be programmed wit h the stimulus - response patterns needed to use the underground, but much harder to conceive what might be meant byprogramming a robot to get to know a city.

The metaphor of"knowing the cit y" is helpfulwhen understanding boththe wayin which an EM modelis realised on a computer, and the philosophical stance it reflects on knowledge. As I look out ofmy studywindow at this mo ment, myview ofthe cit yo f

Coventryis limited to the roofofmy neighbour’s hous e and the skyabove. In my imaginat ion, I can trace the path fro mthe house to the cit y, though the act oftracing this path is no part ofmy present direct exper ience. My knowledge ofCoventr yinvokes the conjunct ion in mymemor yo fall the direct exper ie nces I have had over many years o f different aspects ofthe cit y. There is no sense in which allthese pr ior exper iences can be taken as one exper ience, any more than I can be in more than one place at once. Fromthis perspective, the ’per fect knowledge’ o n which we might aspire to base a classical computer - based modelo fthe cit yis a mere chimer a. What there is to be known of

Coventryis more than I can ever exper ience, and mypersonalknowledge is established, maintained and revised dynamically through m yongo ing interactions with it. Even my current limited view ofthe cit yis potentiallyopen to such elaboration ofknowledge, now that I notice the pigeon droppings on the crest ofthe roof, the silver sliver ofa distant passing plane, and savour the tas te oflukewar mlime juice cordial. As a source ofdirect exper ience, an EM modelcannot compare with my ever ydayCoventryenvironment in its r ichness, but it offers access to potential exper ience and knowledge with which I can engage in similar ways. In ef fect, it supplies an int eractive artefact with which to trace a historyofexper iences that is similar in character to our ever ydayexper ience of purposefullyand accidentally developing our knowledge o fa cit y. In this act ivit y, the computer serves two si gnificant roles: it serves as a physical artefact, similar to the artefacts ofbr ico lage, that generate direct exper iences to which the modeller can make a creative response, and at the same time it allows the modeller to record and elaborate exper iences a s theyare encountered in ’the streamofthought’. Inthese respects, the computer offers support for managing knowledge as characterised as ’interact ion wit h memor y’.

1.2. An illust rative case - study

Empir ical Modelling pr inciples and tools were not init iallydeveloped wit h the general character ist ics ofEM models, as descr ibed above, in mind. Our present understanding o f the character ist ics o fEM models was arr ived at after first appreciating the difficult ies of providing a for malsemant ics for such mode ls wit hin the classical theoreticalframework for computation. Two sources ofinspirat ion have been particular ly significant in reaching this understanding: a large bodyo fpractical work on model - building and tool development that has been carr ied out lar gelyby computer science students at Warwick over the last 15 years, and the philosophicalwr it ings ofWilliamJames [13]. This subsect ion will give a br iefsketch ofpractical EM with reference to a modelofa lift init iallydeveloped in a summer vacat ion project in 1994. (The lift modeland the EDEN interpreter which is needed to run the modelcan be downloaded fro mthe EM website ˘ see [17] and [18]). The next section will then discuss EM in relat ion to WilliamJames’s philosophic attitude ofRadical E mp ir icis m[13].

Figure 1 depicts our EM modelofthe lift as it might be displayed in one particular state.

The lift car appears onthe left, and the five floors that the lift visit s onthe r ight. The stick figures are used to indicate the current locations of lift users: a label attached to the head ofeach stick figure ident ifies the list ofusers at each locat ion. The bo ld vert ical lines between the lift shaft and the floors represent the status ofthe doors between the lift car and each floor: the door o nthe fourth floor is current lyopen. The smallboxes to the right ofthe floors and to the left ofthe lift car are call buttons, and those that are currently selected are indicated in bo ld.

To interpret Figure 1 as associated with a direct exper ience of an actuallift, it is helpful to think oflooking at a glass lift at the side ofa five storeybuilding. Whether this is representative ofthe direct exper ience that is ofpr imar yinterest to the modeller depends uponthe role in which the modeller intera cts. Examples o fpossible roles that the modeller might play, possibly concurrent ly, include: a lift user, designer or analyst, or perhaps even a storyteller for whoma lift is a significant location (e.g. as the venue for murder in a detective story). In practice, ifwe have anyfamiliar it ywit h lift s (even if we are in the posit ion ofuser X in Figure 1, with limit ed access to the actualcurrent status of the lift), we br ing to our interaction with thema generalconcept that there are floors and users a nd a lift car that moves vertically between them, and maybe expected to visit the ground floor at some stage in response to pressing the callbutton.

In our modelling tool( EDEN ), the current status of the lift is deter mined by the current

values ofi ts character istic observables. The names ofso me ofthe keyobservables, as

theyare recorded in our model - building interpreter, are:

_ liftfloor

- where is the lift ? [on which floor: 1 - 5]

_ open3

- is the door open at level 3?

_ car2

- is button 2 in the c ar selected?

_ button4

- is the callbuttonon floor 4 selected?

locX

- where is user X? [0: in lift, 1 - 5:on which floor, 7: nowhere]

_ inliftX

- is user X in the lift ?

_ destX

- where is user X intending to go?

The values ofmost ofthese obser vables ar e directlyreflected in features ofthe display.

For instance, _ liftfloor determines the posit ion ofthe lift, _ open3 determines how

the line that represent the door on floor 3 is depicted and _ button4 determines whether

the callbuttonon floor 4 is highl ighted. It is characterist ic ofmodelling with EDEN that

these features ofthe display can themselves be construed as observables whose values are

specified bydefinit io ns resembling the definit ions that relate the cells ofa spreadsheet.

Taken together, t he definit io ns ofobser vables, whether explicit ly byvalues, or implicit ly

via for mulae, forma ’definit ive scr ipt’ that specifies the current state ofthe model. The

term’definit ive notation’ is used to refer to the under lying notations used to for mulate a

scr ipt. EDEN includes a definit ive notation for defining the screen layout and for defining

planar line drawings. The use ofthese notations is illustrated in Figure 1.

The definit io ns in a scr ipt express expectations about how the values ofobservab les are

linked where ’atomic’ changes are concerned. For instance, when the lift moves, anyo ne

in the lift mo ves wit h it as part ofone and the same state change. The relat ions linking

these changes are called ’dependencies’ between observables. For exampl e, using carpos

and posX respectivelyto represent the posit ions o f the lift car and ofuser X (as depicted

by2D coordinates in Figure 1), definit ions ofthe following generalt ype express

dependencies:

carpos is {liftshaftL , (_liftfloor - 1) * floorheig ht}

posX is if _inliftX then carpos else floorX

_inliftX is (locX == 0)

The use ofa definit ive scr ipt to represent state - as - exper ienced is the fundamental

technique bywhich a modeller constructs environments for interaction in EM. Such an

environment is typicallyor iented towardsexpressing the perspect ive ofa particular agent

where bothobservat ion and interaction are concerned. In this context, an agent is

anyt hing that might be deemed to be responsible for changing the current state ofthe EM

mode l. The archet ypal agent is the modeller who acts to change the state ofthe model

through manually entering redefinit io ns ofobservables into the EDEN input window. As

willbe discussed and illustrated later, the lift users and the lift itselfcan also be viewed

and in var ious different ways animated as agents wit h so me autonomous capacit yto

change state. In viewing the EM model, it is important to understand its primar yro le as a

representation ofstate - as - exper ienced, rather than merelyas a vehicle for automat ing

convent ional lift behaviour. To returnto the analo gyintroduced above, animated

behaviours in EM are in the fir st instance like bus tours ofthe cit y: bydefault, on such a

tour, weobser ve the cit yaccording to a pre - programmed plan, but there is nothing in

pr inciple to prevent us fromleaving the organised partyand cont inuing our exploration

independent ly.

The idea that the lift modelcaptures state - as - experienced can onlybe appreciated by

consider ing the possible modes ofinteract ion with it that areopen to the modeller. To

understand this, it is helpfulto reflect onthe dist inction between the abstract interaction

that is invo lved in using the underground and that invo lved in making the same journey above ground. In the former context, the traveller can get bybypattern matching, relying

onthe wayin which the underground environment itself is built to encode knowledge

about locations and direct ions in place names, keywords and icons. In the latter context,

the personalknowledge ofth e traveller ˘ their abilit yto recognise landmarks, to maintain

a sense ofdirection, to devise strategies for crossing roads, to be able to consult other

people ˘ is paramount: though the environment itselfhas embedded knowledge in the

for mofsignposts and street - names, the logistics of their use are by no means fully

systemat ised. In practice, bothopportunist ic and exploratoryhuman interpretation and

pre - coded knowledge play their part in navigat ion in a cit yenvironment. In a similar way,

interact ion with the EM modelofthe lift can eit her give prominence to how human

intelligence infor ms state transit io n or support routine and automat ic interact ion. What is

more, commit ment to changing the modelis not necessar ilyrequired in playing these

different interactive roles, and eit her can be highlighted according to purpose.

The openness o fthe modeller’s agencyin EM is the platfor mfor intelligent interaction.

The modeller is free to redefine any ofthe obser vables in the scr ipt subject onlyto being

ab le to interpret the consequences o fsuch redefinitio n. As a simple example, a

redefinit io n such as

carpos is {liftshaftL , 0}

relocates the lift car at the base ofthe lift shaft as ifit were out ofser vice. Note that this

redefinit io n in some sense ’de als intelligent lywit h user Z’: in the context ofFigure 1, it

would move user Z within the lift no matter where the lift was placed. Act ions ofthis

open - ended nature are analogous to the unconstrained act ions that the traveller can make

in the cit yenvir onment, that mayresult in reaching the destination inadvertent ly, might

lead to getting lost or to being run over.

To illustrate how knowledge about meaningful interaction can be exposed without being

encoded in an EM model, the lift modelhas been adapt ed and used to animate the

unusualinstance ofreal - life lift use descr ibed in Box 1. For this purpose, the modeller

has only to compile a sequence ofelementar yredefinit io ns ofobser vables to reflect the

actions ofthe users and the lift as theyoccur. B yplaying throughthis sequence o f

redefinit io ns, the modeller can vis it each situat ion as it arises, and reflect uponthe

perceptions and motivat ions ofthe var ious agents invo lved. The modeller can then

construct a narrative to document their infor malun derstanding ofthe scenar io. The EDEN

interpreter provides a proceduralconstruct for playing out this sequence ofredefinit io ns

as ifthey were being entered one - by - one bythe modeller. Such a sequence can be

accompanied by a commentar ythat gives more in sight into the complex co mbinat ion of

observat ion and logic that guides each lift user ’s actions.

Byway ofcontext, the events descr ibed in this scenar io occurred some fifteen years ago,

and have been a source ofpuzzlement to the author ever since. Cons tructing the model

has finallyenabled me to reconcile myassured personalknowledge o fthe circumstances

ofthe interaction with a plausible object ive account ofthe behaviour ofthree sane lift

users. To dramatise the distinct ion between these two perspe ctives on the events, I shall complement the personalaccount in Box 1 with a further analysis in which my role is

descr ibed in the third person, as that of’user I’.

I amat a conference in the Nether lands.

I arrive late at night and hardly notice whe re myroomis.

Next morning, I notice that my roomis on the topfloor.

I walk down to breakfast thinking about my talk later on.

After breakfast I meet two other delegates X and Y.

We get in the lift to returnto our rooms.

X presses the button for floor 4.

Y says he is on the floor above X, and selects floor 5.

Since the top button is selected, I don´t press a button.

We talk as we ascend. The lift stops. The door opens.

The floor numbers aren´t clear lymarked.

I sayto X `this must be floor 4’ ˘ he get s out.

Y and I carryon talking.

When the lift next stops, the floor is st illunclear.

I sayto Y `X is on the floor below you; this is your floor´.

Y gets out. I think so mething is not quite right.

I think `is this the top floor?´ and `should I get out?´ .

I´munsure, but notice that the button for floor 5 is still lit.

I proceed to the top floor which is the next floor, floor 5.

When I get out ofthe lift, I can´t find my room.

There´s no roomwhere my roomis on floor 5.

I walk down to floor 4, and pass Y on his wayto floor 5.

When I reach floor 4, I meet X coming up fro mflo or 3

Howdid I manage to get all three of us to the wrong floor?

Box 1 : Travails in a lift

Figure 2 depicts a crit ical mo ment in the scenar io, at which it beco mes clear to user I that

there is so me conflict between what I obser ves and the wayin which I had conceived X

and Y’s interact ion with the lift up to this point. I supposes that his room is on the top

floor, and realises that the lift has not yet reached the top floor. On the other hand, on

enter ing the lift, I obser ved the select ion ofjust two buttons by co - users X and Y, and

noted that one ofthese corresponded to the top flo or. It would seemfro mthis that I

should have got out at the same t ime as Y. It was just after Y got out ofthe lift that I

realised that perhaps he had misled X, and that the lift had in fact stopped at floor 3 when called byan impat ient user Z. At that point, it was apparent to I that both X and Y had got

out at the wrong floors, but not that he himself was also about to travelupwards to the

wrong floor. The extra detail ofthe profile o fthe building that has been introduced in

Figure 2 represents the other element in the situation bywhich I himselfwas mis led into

supposing that his roomwas o n floor 5 rather than floor 4: in the vicinit yo fI’s room,

floor 4 was the top floor. The pragmatic nature ofthe decisio n that I makes at this po int,

so different in character fro mthe pure reasoning that is so met imes imputed to human

agents (cf. the Men sa problemdiscussed in [1]), is emphasised bythe realt ime

constraints on decisio n imposed bythe lift itself.

Figure 2 can be interpreted as the particular specialisation ofthe vanilla model ofthe lift

depicted in Figure 1 that I ideally should ha ve had in mind in using the lift. In practice, I

was not able to construct this modelin real - time, and acted with a different conception o f

the situation. A crucial aspect ofthe EM modelis that it relies essent iallyupon physical artefacts to account fa it hfully for I’s misunder standing. The geometr ic content ofthe

model, limited as it is as far as realist ic details o fthe physical environment are concerned,

has r ich exper ient ial significance. It is to remembe red obser vat ion ofphys ical models

such as ar e depicted in Figures 1 and 2 that we appealin using a lift, and the exper ience

ofinteracting with these models that exposes their role in represent ing our knowledge of

lift s. Needless to say, manyattempts have been made to abstract the essence fro msuc h

exper ient ialrepresentations in logicist approaches to knowledge representation (cf. [10]).

In practice, there are many other pertinent issues connected with the exper ience oflift use

that influence the behaviour ofusers, manyo fwhich are only tacit ly acknowledged even

in our account ofthe scenar io descr ibed in Box 1. These issues include: the nature ofthe

exper ience ˘ the time it takes a lift to move between one floor and the next, the relative

time it takes to ascend 3 rather than 4 floors, the acc elerat ion ofthe lift car; the nature of

the auxiliar y obser vat ion that might have affected user responses, as determined bythe

status ofthe buttons ofthe lift, the visualcues to distinguish different floors, whether and

how the users’ roomkeys and th e lift car buttons were numbered; the implicit

convent ions framing the lift design and use, such as whether the ground floor was

deemed to be floor 0or floor 1, the fact that the buttons in the lift were orderedtop to

bottomin a 1 - dimensio nal arrayin c orrespondence with the five floors, or that a call

button in the lift was vis ibly de - selected when the door opened at the corresponding floor.

As the above discussio n illustrates, the EM modelofthe lift offers insight into realwor ld

state - transit ions a bout which the automat ion ofthe perfect lift user can give no

infor mat ion. Interaction with Figure 2 offer s a plausible explanat ion for corporate

behaviour that is absurdlydifferent fromthe ideal outcome to be expected, but it also

shows that ˘ taking a ppropriate observational and exper ient ialfactors into account ˘ the

individualactions ofthe users are not so ver yfar fr omsensible as theymight appear.

Logic alone cannot account for the scenar ios that lie near to normalit y’in the

neighbourhoodofse nse’. In explor ing such scenar ios fully, there is no alternat ive but to

allow the modeller to engage as freely as possible in the state - changing activit y. I n the

spir it ofGooding’s definit io n ofthe term, an EM modelcan be interpreted as a construal

[11] . In constructing such a modelusing EM principles, our aimis to embodythe patterns

ofobservables, dependencyand agencythat we deemto be character ist ic ofa situat ion.

The product ofthis activit y t ypicallyhas a personal, provisio naland particular character

that is int imately connected with the ways in which we choose to interact with it. In all

these respects, it is unlike a for malspecificat ion.

In developing a construal, the modeller is not onlyconcerned wit h modelling state change

as it is obs er ved froman externalperspect ive. A further analysis o fthe sequence of

redefinit io ns that are made in realising the scenar io in Box 1 shows how certain groups of

redefinit io ns can be attributed to different agents. The movement ofthe lift and the

manip ulat ion ofthe lift doors are part ofthe automatic behaviour ofthe lift system itself.

Entering and leaving the lift and the selection ofcallbuttons inside and outside the lift are

actions for which the lift users are responsible. To refine the models o that it better

reflects our understanding ofnormal lift operation, it is appropriate to dist inguish

between realist ic transit io ns and transit ions that are pure fantasy, such as might invo lve

simulat ing a user enter ing the lift before the door is open, o r the lift jumping between floors. EM includes techniques for enr iching the lift modelso as to give special

prominence to construals suited to different perspectives and purposes, some ofwhich

may include automated behaviour, or reflect sever alviewpo int s concurrently. It is

important to realise that the specialisation ofan EM modeldoes not invo lve excluding

singular act ions on the part ofthe modeller. In some circumstances, such as when the lift

cable breaks, it maybe appropriate for the lift to exhi bit abnor malbehaviours that can

onlybe simulated bythe intervent ion ofthe modeller in the role ofa super - agent. The

EDEN interpreter is designed to support the opportunist ic interact ion by the modeller that

is required for this purpose, but whether su ch pr ivileges for interaction are exercised is

ent irelyat the modeller ’s discretion. A br ief review ofso me relevant EM techniques is

given here ˘ for more details, consult the references at [17].

In elaborating construals, a significant role is played b yan infor malspecial - purpose

notation, called LSD , that can be used to classifythe obser vables in a situation wit h

respect to an agent. The aimo fsuch a classificat ion is to document the roles that

observables playin determining the interaction ofan a gent. List ing 1 is an LSD account

ofa person X in the role ofa prototypicaluser ofthe lift depicted in Figure 2:

agent person (X) {

state loc[X]

role liftuser {

state dest[X]

oracle open[*], dest[X], loc[X], pos[X]

handle loc[X], dest[X]

derivate

pos[X] is if loc[X]==0 then liftfloor else loc[X],

LIVE

liftuser[X] is 0<=loc[X]<=5

protocol

loc[X]==0 and open[dest[X]] and pos[X] == dest[X]

- > loc[X] = pos[X],

true - > dest[X] = i , (1<=i<=5)

...

}

...

}

List ing 1: An LSD account ofa prototypicallift user

In this account, the observables loc[X] and dest[X] refer to the location and

destination floor ofuser X respectively. The values ofthese obser vables are defined

according to the same convent ions used to defin e locX and destX in the scr ipts

discussed above. The locat ion ofX is classified as a state for X as a person, since

observat ion ofthis locat ion is meaningless in the absence ofX, and the destination floor

ofX is classified as a state for X in the role oflift user, since the concept ofX’s

destination floor is meaningful only when X acts in this role. Whether or not X is

currently playing the liftuser role is reflected in the boolean value ofthe special

observable LIVE

liftuser[X]

, which is true or fals e according to the current value of loc[X]

. As a lift user, X has access to certain observables as oracles , either in the sense

that she can obser ve themdir ect ly, or that she can observe themat certain times, and may

retain so me notion oftheir current v alues. She typically knows her destination floor. She

also knows whether she is in the lift, or at a floor, as determined bythe oracle loc[X]

. If

X is in the lift, she has so me notion ofwhat floor the lift is current lyat, as represented by

the observabl e pos[X]

. The observable pos[X] is classified as a derivate because ofthe

dependencythat defines it in terms ofthe current lift posit ion and the value of loc[X] .

The obser vables over which X can condit ionallyexercise controlare classified as

handles : theyinclude X’s location and dest inat ion. The condit ions under which X can

redefine these obser vables are set out in her protocol . The two example pr ivileges

specified for X indicate that ifX is in the lift, the lift is at her destinat ion floor and the

d oor is open, then X can step out ofthe lift, and that moreover X can change her mind

about her destinat ion floor at anytime.

An LSD account is not in generalto be interpretedas a specificat ion, but rather as

document ing the character istics ofobser vab les as they are exper ienced by the modeller in

the realsituat ion, and ( if the EM modelis sufficientlyconvincing) as theyare

exper ienced in the associated EM model. In effect, an LSD account is intended to

complement an artefact with which the modeller can interact, and is not to be viewed as

an alternative formofrepresentation. An LSD account can play a significant role in

guiding the development ofseveraldifferent kinds ofEM modelfor a mult i - agent system

such as a lift. These include:

Concurrent modelling of user perspectives on lift use. An LSD account can be seen as

descr ibing the systemas viewed fro mthe perspectives ofits var ious users. These views

can then supplythe basis for a distr ibuted EM modelin which the personalconstrualof

each agent is modelled as a client in a client - server configurat ion, and the corporate

behaviour ofthe agents is developed by managing their interaction via the ser ver. For

instance, using a distributed var iant ofthe EDEN interpreter, it would be possible to set

up an EM modelsimilar to that depicted in Figure 2 on a server, and to create EM models

on four clients to recreatethe interaction ofthe lift users X, Y, Z and I in the scenar io as

it appears fro mtheir four different perspectives. In such a model, there will be nothing

that corresponds to the lift users X, Y and I fromthe perspect ive ofuser Z, since Z

merelypresses the callbutton on floor 3then descends to floor 2. The models for X, Y

and I willbe based on different var iants ofthe prototypica l lift user account given above.

For instance, the oracles dest[X] , dest[Y] and dest[I] have to be construed quite

different ly: user X has a correct perception that dest[X] is 4, but (when encouraged by

I), supposes that pos[X] is 4 when it is in fact 3; u ser Y has an oracle to dest[X] which

takes its value fro mthe floor on which X gets out, and interprets dest[Y] as a derivate

defined by dest[X]+1

; user I has the number ofthe top floor ofthe building as an

addit ionalobser vable topfloor and interprets t he oracle dest[I] as a derivate defined by

topfloor

. A distributed modelofthis nature can provide a more vivid reconstruction of

a scenar io than the basic EM modeldepicted in Figure 2, as has been illustrated

elsewhere in our previous research in the re construction ofhistoric railwayaccident

developed bySun [4].

Modelling the lift as a reactive system. An LSD account can be used in analys ing the

stimulus - response behaviour ofautomat ic agents as theyare construed to respond and act

uponobser vables in their environment. Activit yo f this nature has a fundamentalrole in

exper imentalscience. It is also an important aspect ofreact ive systems development,

where it is associated with the exploration and specificat ion ofcontext that precedes the

design ofcontrolsoftware. In applying EM pr inciples to such act ivit ies, the most

significant feature is making the connect ion between model - building fro ma personal

subjective perspect ive and what is interpreted as object ive obser vat ion ofa systembyan

exter nalobser ver. A fulldiscussion o fthe technicalissues invo lved is beyo nd the scope

ofthis paper ˘ it has been one ofthe primar yconcerns ofthe EM project as a whole (cf.

[1,4,6,15]). The basic concept is that oftreating the activit yo fautomat ic agen ts as it were

being carr ied out bya human agent with the appropr iate perceptions and state - changing

capabilit ies. Bywayo fillustration, the lift systemcan be viewed as automatically

carr ying out the sequences ofredefinit io ns required to reset the call buttons and open and

close the doors on visit ing a floor to which it is called. The st imulus for this operation is

the presence o fthe lift car at a floor that is associated with a selected call button. An LSD

account ofthis role ofthe lift systemwould ( for instance) ident ifyoracles ˘ such as the

status ofcallbuttons, handles ˘ such as the status ofthe doors, and include an act ion to

manipulate the doors and callbuttons appropriatelyin its protocol. A similar analys is can

be used to develop a prot ocolto prescribe the motionofthe lift. The EDEN interpreter

includes features, such as procedures that aretriggered bychanges to specified

observables, that can be introduced into the EM modelofthe lift to automate the lift

systemprotocols. Such fe atures make it possible to implement a lift simulation through

an incrementalprocess ofextending the EM model in which the modeller ’s role invo lves

shaping the behaviour to accord with realist ic observat ion and interact ion. The delay after

which the door s close can be adjusted, for instance, and the select ion ofbuttons by lift

users simulated by direct mouse actions. The significant point here is that the LSD

account has no for maloperational semant ics, but documents actualinteract ion with a

computer - ba sed artefact for which behaviours can be developed in much the same

incrementaland empir icalfashio n that an engineer might construct a prototype. In this

process ofempir ical refinement ofthe EM model, the scope for extension is open: simple

extensio ns that feature more realist ic lift motion, implement a lift scheduling algor ithm,

and introduce prototypicalusers based on the LSD account in List ing 1 can be found in

the liftBeynon2003 directoryofthe EM archive [18]. Further extensio ns for this

modelmi ght invo lve introducing greater physicalr ealism bywayo fmodelling lift car

velocit y and accelerat ion, adding 3 - dimensio nal visualisat ion, or linking the modelto

special - purpose hardware that could simulate the impact onthe user of forces generated

by the lift mot ion.

The above descr ipt ion and illustration ofEM sets the scene for the discussio n ofRadical

Empir icism that fo llows. To fullyappreciate this discussio n, it is most helpfulto have

some exper ience o fthe nature ofEM as a practical activit y . Without such exper ience, it is

difficult to appreciate the conceptualdistinction between tradit ional co mputer programs

and EM models that is descr ibed in section 1.1. It is in particular important to realise that

allthe lift models discussed in this se ct ion are to be regarded as part ofa single open -

ended conceptualprocess ofexploration that can be seen as resembling the exploration of a cit y. Each modelis infor mally associated with a particular wayofviewing a lift

situation and oforganising the transit ions between one situation and the next, but each is

apprehended ˘ even when, left to itself, it is executing a particular patternofbehaviour ˘

state - by - state, in such a waythat the modeller can choose to intervene to redirect the

exper ience per h aps wit h a view to its reinterpretation. Inthis respect, the individualit yo f

the different lift models is not defined object ively, but only wit h reference to what

exper iences are coherent for the individual modeller.

2. Radical Empiricism

WilliamJames ’s Essays in Radical E mpir icism[13] was first published in 1912. The

potentialrelevance ofJames’s ’philo sophic attitude’ to a discussio n ofalternatives to a

logicist framework for knowledge representation is apparent throughout these essays. I n

’T he Wo r ld ofPure Exper ience’, for instance, when discussing the philosophic

atmosphere ofhis t ime, James refers to ’a feeling that [the extant school - so lut ions] are too

abstract and academic’, and goes on to write: ’Life is confused and superabundant, and

what the younger generat ion appears to crave is moreofthe temperament oflife in its

philosophy, even though it were at some cost oflogical r igor and of formalpur it y’.

Empir ical Modelling is motivated bya perceived need to develop methods ofcomputer -

base d modelling that can do more just ice to life in its confusio n and superabundance than

can the rational for malaccounts ofagent interaction that under lie typical co mputer

programs. The dist inct ion between these different views ofhuman agency has been

illu strated above when contrasting the farcical scenar io oflift use associated with Box 1

with the prosaic and predictable behaviour that is attributed to prototypicallift users in

List ing 1. This sect ion explores other respects in which the pr inciples and t echniques of

EM can be related to thinking developed byJames in [13]. Our overallaim is to make it

plausible that James’s philo sophicalstance supplies a foundat ional framework in which to

examine issues that seemparadoxicalfro m more convent ional philo sophicalperspect ives.

2.1. Philosophical foundations for EM

Some background motivation for our discussio n can be found by thinking in general

terms about what kind ofphilo sophicalfoundat ions are appropriate for EM. One ofthe

most character ist ic act iv it ies in EM is the constructio n ofa computer - based artefact (for

instance, the lift modelin Figure 2) that embodies patterns ofobservables, dependencies

and agency that can be ident ified in an externalsit uation to which the artefact refers ( for

instanc e, the specific use ofthe actuallift descr ibed in the scenar io in Box 1). Froma

traditionalco mputer science viewpo int, where there is an under lying presumpt ion that all

computer - based modelling can be accounted for byusing the universal abstractions t hat

rest ultimately upon the classical theoryo fcomputation, it is usualto propose that EM

reduces to classicalprogramming through a correspondence ofthe fo llowing general

kind: an observable is a proceduralvar iable, a dependencyis a constraint relat ion, an

agent is a sophist icated abstraction such as an act ive object. The renunciat ion ofeach of

these proposed reductions has been the focus ofspecial attention in our previous work

(see for instance: the discussio n ofvar iables in [5], ofconstraints in [15] and ofagency in

[1]). Broadly, our counter to this suggest ion is similar in allthree cases: that the notion of

’observable’ refers to a feature ofa situation that is exper ienced as having an ident it yand

current status or value; that a ’dependen cy’ is more than a perceived abstract relat ionship

between values ofvar iables and expresses the modeller ’s expectations about the

immediate consequences ofchanging the values of obser vables in a situation; that

’agency’ entails a potentialfor action tha t is o fa trulyexper imentalcharacter, in that the

possibilit y oftaking the action has not been preconceived, and that no prior commit ment

to the possible interpretation ofits consequences has been made. What links each ofthese

counterproposals is the context in which our interaction with the computer model is

conceived to be occurring: a context resembling that through which I as - of - now

exper ience the cit yo fCoventrythrough the sight ofmy neighbour’s house and the sound

ofhis lawnmower.

Our reject ion ofa convent ionalinterpretation for EM has another significant element that

is closely linked to Brian CantwellSmit h’s cr it ique ofclassicalco mputationalsemantics

in [9]. The proposed reduction ofan EM modelto a classical programpurportsto

attr ibute an abstract behaviour to the EM model, in accordance with the ways in which

var iables, constraints and active objects might be used to specifybehaviours in a

convent ional approach to model - building. The development ofan EM modeldoes not

relyupon the ident ificat ion ofan abstract behaviour that can be embedded into the

environment through formalsymbo lic associat ions. This is to revisit our previous

observat ion, that an EM modeldoes not in the first instance specify an activit y, like

travelling ab out a cit yusing the underground, for which ˘ thanks to the traveller ’s training

in symbo lrecognit io n, and the carefulengineer ing and signposting ofthe underground

environment ˘ limited exper ience ofthe cit yis required. On the contrary, the EM model

o ffer s itself to the modeller as a state to be exper ienced, where the correspondence

between the features ofthe modeland those ofits referent are to be direct lyestablished,

explored and enhanced through interaction. This perspective has to be understood with

reference to a philo sophicalposit ion that assumes no given abso lute knowledge, in the

same spir it that (in mycurrent context) I cannot be abso lutelysure that allI remember of

the cit yofCoventrywillbe there to exper ience when I set offto visi t the railway station.

As CantwellSmit h observes in [9], the inadequacy ofthe classicalview ofco mputation is

conspicuously exposed in emerging co mputing practice. The wide range ofapplicat ions

for EM principles that we have ident ified to date highlig hts both the potentialo fEM and

the challenge ofunderstanding its semant ics. The pragmat ic view ofthe semant ics of

modelling ’real - world objects’ that serves wellenough in tradit ional engineer ing design

can to some extent be adapted to an exercise such as using EM to modelan actuallift.

The concept ofa direct correspondence between exper ience ofan EM modeland the

exper ience o fthe real - world situat ion it represents requires more just ificat ion when the

EM modelis a spreadsheet, and the situation a financial scenar io. It is also more difficult

to argue for a direct correspondence between observables for an EM modelto represent a

lift that is under design and has yet to be built. Further complications ar ise ifwe consider

the status ofthe EM modelo fa lift that we might create in a virtualrealit y, where the

relat ionships between observables are no longer subject to familiar physical laws and

constraints. EM has been used to build models that have the exper ient ialcharacterist ics of

the data structu res (such as the heap) that lie behind standard algor ithms (such as heapsort), and therebyto generate an environment in which to explore the design of

algor ithms [6]. In other contexts, it is apparent that the use ofEM principles is not

direct lyconcerne d with issues ofexternalrepresentation. For instance, our tools now

enable us to design new definit ive notations ˘ in particular, for graphics ˘ within the

same paradigm that we use to construct models, and ˘ for such a notation ˘ successful

design is co ncer ned wit h how the syntax ofthe new notation affects the correspondence

between the structure ofa scr ipt and the graphicalimage that it produces on the computer

screen.

A feature commo n to allthese applications ofEM is the construction ofa compute r - based

artefact that in so me respects has the qualit ies ofan instrument (cf. [3]). The term

’instrument’ is used here to express the idea that there is a reliable correlat ion between the

interact ions ofthe modeller with artefact and its associated chang es ofstate. This

correlat ion may be explicit ly engineered by the modeller, or lear ned through skill

acquired in masteryofthe instrument. Explicit engineer ing is prominent in the case ofa

financialinstrument such as spreadsheet, where the definit io ns o fcells are contrived to

express known relat ionships between observables. Skilful interaction is more prominent

in relat ion to a musical instrument, such as the vio lin, where the tiniest nuances in the

mo vement ofthe bow can be used to controlthe sound g enerated. In broad terms, the

account ofEM that we have sought to develop in our project represents EM models as

instruments simultaneously under development and in use by the modeller, in which both

explicit engineer ing and skilful interact ion have a rol e to play. Through explicit

for mulat ion ofdependencies and through exper imentalredefinit io n, the modeller

develops an understanding ofhow interactions with an EM modelreliablyeffect changes

to its state. In this account ofEM, the interaction with the instrument does not acquire

meaning as a result ofa complex abstract process ofoff - line decoding; it direct ly evokes

a parallelexper ience because ofthe perceived similar it ybetween the effects of

interact ion with the instrument and the familiar effect s ofinteraction in another context. It

is in just this manner that the movement ofgeometr ic elements ofthe simple drawing in

Figure 2 evokes familiar interactions with an actuallift.

The correspondence between one exper ience and another that underpins EM is different

in character fromthe realist ic modelling ofbehaviour and appearance that is

commo nplace in routine prototyping ofsoftware and engineer ing systems. For instance,

our primar yconcer n is not with simulat ing the lift dynamics as accurately as possible by

analys ing the forces acting on the lift in detail and applying Newton’s laws, nor with

developing a virtualrealit y modelthat imitates the user’s visualand sensor yexper ience as

fait hfully as possible. As the lift modelillustrates, EM can ser ve to establish such

similar it ies, but the connection between an EM modeland the situation to which it refers

is more direct and pr imit ive in nature. The correspondence between interactions wit h the

EM modeland interactions with its referent is itsel fa matter ofimmediate exper ience,

subject to confir mat ion, exploration or possiblyeven refutation bythe modeller ’as o f

now’. A correspondence o fthis nature is rooted in the notions of’obser vable’,

’dependency’ and ’agency’ as theyhave been discusse d above: it has a concrete and

dynamic rather than abstract and static qualit y. In immediate exper ience, the agency of

the modeller has the capacit yto confir m or confound expectations, to create or destroy observables, to make or break dependencies. In th ese respects, it resembles the agencyo f

the exper imentalscient ist, whose actions can be used to test her construal.

The potential role that language and symbo lic convent ions can playin this context is a

delicate issue. It is self - evident that our appre hensionofcorrespondences in immediate

exper ience can be mediated bylanguage, as when we respond to the value in the column

ofthe spreadsheet that is headed ’balance’ or ’profit’. It is quite another matter to argue ˘

as some philosophicaltraditions ap pear to do ˘ that language plays an essent ial role in all

correspondences between exper iences. A core idea in EM is that not all correspondences

between one exper ience and another can be established by symbo lic convent ions ˘ at

some level, correspondences must be made through direct exper ience wit hout reference

to language. The expectations ofthe exper imentalscientist may wellentailmuch

sophist icated theory, but the pr imit ive correspondences that provide the grounding for

such theoryare arguablybeyo nd words and equations. Exper ience in applying EM

pr inciples and tools suggest the further hypothesis that agency, dependencyand

observat ion have a fundamentalrole in such pr imit ive correspondences.

2.2. Radical Empiricism from an EM perspective

Exper ien ce ofEM, and reflect ion about its semant ics, endorses a philosophical posit ion

that has strong points ofconnect ion wit h WilliamJames’s Radical E mpir icism. The

pr imit ive correspondences between exper iences at the core ofEM are necessar ily

personalexper iences, and in the first instance are associated with subject ive and

provisio nalknowledge. This establishes pr iorit ies that are in line wit h those ofRE: to

account for logic and theor yin terms ofobservation and exper iment, rather than to

account for ob servat ion and exper iment in ter ms of logic and theory. Practical exper ience

ofEM reinforces this perspect ive, demonstrating how EM can be acco mpanied by

transit ions fro mpersonalto public, subject ive to object ive, and provisio nalto assured (cf.

[1] for more discussio n ofthese issues). This sect ion discusses how some keyideas ofRE

are helpful in elaborating on what is invo lved in E M.

In [13], James remarks that, in RE, "the relations that connect exper iences must

themselves be exper ienced relat ions, a nd any kind ofrelat ion exper ienced must be

accounted as ’real’ as anyt hing else in the system". One ofhis pr imar y concer ns is that

traditionalempir icists emphasise the disjunction in exper ience "leaving things

per manent lydis jo ined", whilst the rational ists remedythis disjunct ion "by their

Absolutes ..., or whatever other fict itious agencies ofunio n theymay have emplo yed".

For James, both conjunct ive and disjunct ive relations should be deemed to be given in

exper ience. Amongst these, he includes "the most int imate ofconjunct ive relat ions, the

passing ofone exper ience into another when theybelo ng to the same self".

James’s outlook helps to explain the difficult y we have encountered in understanding and

communicat ing the nature ofEM models. The typi calco mputer scient ist has a natural

desire to attribute a characterist ic set ofdiscrete states and behaviours to the EM modelof

the lift in Figure 1, and to view it as a structure or system. In the mind ofthe modeller,

the character ofthe EM modelis more elusive. We can exper ience the state ofthe lift modelas it is depicted in Figure 1, but interpret this in relat ion to allthe other

exper iences ofthe states that have brought the modelto this po int. Bythe same token,

what we exper ience in the cur rent state ofthe modelstands in an open, yet to be

explored, relat ion to other exper iences we can get byinteract ing wit h the model. What we

understand bythe modelis an unfo lding conjunct ionofexper iences that cannot be

circumscr ibed but is apprehende d as a single relat ion.

An important aspect ofJames’s analys is is the implicit emphasis it places on the

authent icit yo fthe personalexper ience ofthe observer. This distances RE fro mthe

perspective with which empir icism is ordinar ilyassociated, where the ’realit yo fthe given

world’ is seen as the pr imar ysource ofknowledge. As our practicalexper ience ofEM has

shown, it is implausible that we can give a good account ofEM without regarding realit y

as constructed byexper ience. Though it is convenie nt in descr ibing EM to adopt

ever yday termino logy, and speak of’the modeller’s state ofmind’, and ’the real - wor ld

situation’, this should not be understood as subscr ibing to a Descartian dualism. T his

accords with James’s obser vat ion that "subject ivit y a nd object ivit yare affair s not ofwhat

an exper ience is aboriginally made of, but ofits classificat ion. Classificat ions depend on

our temporar ypurposes ... ". In observing the development ofthe EM modelo fthe lift,

we are led to think quite as much abo ut the evo lving state ofmind ofthe modeller as

about realist ic changes to the state ofthe actuallift , whether these take the formofa

mo vement fro mone floor to the next, or adding labels to the call buttons in the lift car.

This is keeping wit h our p erception in EM that, contraryto the received view that a

computer modeloflift should only ˘ perhaps even can only ˘ be constructed with a

specific goaland behaviour in mind, our EM modelo fthe lift is so mewhat neutralto

purpose. Certainly, the exper iences ofthe lift modelthat would be generated throughthe

interact ion ofmodeller s acting in the roles oflift users, lift designers, lift analysts, or

storyteller s would be quite different, and reflect many different kinds ofconjunct ive

relat ion in t heir minds.

Ofparticular relevance to EM is James’s contention that "the fir st great pit fallfromwhich

[RE] will save us is an artificial concept ion ofthe relat ions between knower and known"

[13]. This issue relates direct lyto the discussio n above con cerning how correspondences

between exper iences are established. The artific ialityto which James alludes here stems

fro mwhat is perceived byother philo sophers as the ’indefeasibly dualist ic’ structure of

exper ience [13]. For James, there is no such dual it y: "Allthe while, in the ver ybosomo f

the finite exper ience, ever y conjunct ion required to make the relat ion intelligible is given

in full" [13].

James’s philosophicalposit ion is helpful in understanding the nature ofEM. As has been

argued above, th e fact that the EM modelofa lift stands in a specialrelat ion to an actual

lift (viz. in what James characterises as ’the relation between knower and known’ [13]) is

not illuminated byclassifying the one as a ’mental model’ and the other as a ’real - worl d

object’. What matters is that theyare two portions ofexper ience that are related in a way

that is itself exper ienced bythe modeller (cf. [13]). This leads us to a characterisat ion of

the modeller that matches our exper ience ofEM activit ywell: that o fan agent who

generates an exper ience that knows another. Inthe same spir it, EM principles and tools can be seen as assist ing the generation ofthis exper ience. In this context, our choice of

the word ’model’ belies our faithfulness to James’s account of knowing, as it is commo nly

associated with what James rejects byway o f"representative theories".

The simplicit y ofthe relat ion ofknowing, as James descr ibes it, is consistent with our

exper ience o fhow readily EM models can be co mbined and reinterpre ted. James rejects

the duplicit y ofexper ience that distinguishes ’consciousness’ from’content’ : "Exper ience

... has no such inner duplicit y; and the separat ion ofit into consciousness and content

comes, not bywayo fsubtraction, but bywayo faddit ion ˘ the addit ion, to a given

concrete piece ofit, ofother setsofexper iences, in connect ion with which severallyit s

use or funct ion may be ofdifferent kinds". This explanat ion accounts for the wayin

which the object ofstudyin one exercise in EM seam lesslybeco mes a part ofthe EM

modelin another; for the fact that an EM artefact, like an artefact in br ico lage, can be

developed wit hout a referent in mind; for the ambiguit yabout what features ofan EM

modelser ve a significant representationalro le ( cf. the bold lines indicat ing the lift doors,

the size ofthe callbutton panelin the lift, the presence ofthe roofs in Figure 2). In each

ofthese contexts, the precise character ofthe EM modelis only shaped bythe nature of

the interaction ofthe mod eller as it unfo lds at her discretion ˘ in particular, by how the

values ofobser vables are interpreted and changed, and how these changes to obser vables

are interpreted. Byway ofillustration, a student who used EM to simulate bread baking

in an oven cho se to represent the oven by borrowing a simple line drawing to represent

the floor plan ofa room(see roomviewerYung1991 at [18]), and labelled his

simulat ion bysubst ituting ’Bread baking simulation’ for a warning message that notified

the user when a ta ble obstructedthe door. This meant that the identifying labelcould be

changed by relocating an invis ible table ˘ a funct ionalit ythat the student did not

document, and was unacknowledged in his personalinterpretation ofthe model.

Though both RE and EM share a centralconcern for rooting knowledge in per sonal

exper ience, their agendas are quite different, and explicit connect ions are hard to make.

Despite this, RE is helpful in developing a deeper understanding ofthe pr imit ive concepts

ofEM, for which for mal logical foundations cannot be supplied.

James’s account ofpure exper ience provides a most appropriate setting in which to

explain the notion ofan obser vable in EM. The appropriate sense ofbeing an observable

in EM is ’having an ident it y’ and ’h aving a value that can be direct lyexper ienced’, where

the term’is direct ly exper ienced’ refers to the capabilit yo fthe human interpreter in the

given context to apprehend immediately. There is a most significant dist inct ion between

this notion ofan obs er vable and what tradit ionalempir icis mmight deemto be an

observable. To the infant, the symbo l’2’ on the lift button is a mere patternofsensat ion

that signifies nothing; to a young child, it will be associated with the idea of’so me pair of

objects’; to the competent lift user, it is known to refer to a specific floor. James’s account

ofknowing dispenses wit h the idea that "seeing the symbo l’2’", "thinking oftwo floors"

and "imagining going to the second floor" are categoricallydifferent kinds of exper ience

whose association in the mind ofthe lift user must be explained by"fict it ious agencies of

unio n". When situated in the lift, the lift user exper iences the conjunct ive relation that

connects all three elements ofhis exper ience ofthe button la belled ’2’. The unifor mway in which observables are treated in an EM model, regardless ofthe level o fsophist icat ion

ofthe observat ion invo lved so long only as it is immediate (cf. labelling the call button

by’II ’, or "The smallest prime number"), is c onsistent with James’s outlook. The fact that

in EM, as in life, the scope and significance ofsuch obser vables is dynamically

established as exper ience is acquir ed ˘ perhaps from mo ment to mo ment, as a child might

be taught in situ to connect the symbo l ’ 2’ with a pair offloors ˘ is also in keeping wit h

James’s conception o fknowledge: "Why insist that knowing is a static relat ion out of

time when it practically seems so much a function ofour active life?" ([13], p.75).

In EM, there is an int imate relat ionship between the notions ofdependency and agency.

Dependencyis in effect a wayofbinding together allthe consequences that are deemed

to be an integralpart ofa single act ion. In EM models, this concept is realised pract ically

through modelling wit h definit ive scr ipts (cf. [15]), where a typical atomic act ion

invo lves redefining an obser vable or introducing / removing a cluster ofobservables. An

analys is ofthe notion ofdependency reveals a number ofrespects in which it is related to

agency. Whet her a dependencyis ident ified in a particular context in generaldepends on

the perspective and agencythat the modeller has in mind. The posit ion ofthe lift car

might be seen as dependent on the position o fthe lift cable, but this view is ent irely

appr opriate onlyif we assume an idealised mechanical model(e.g. making no allowance

for the init ialextensio n ofthe cable under load), discount the discrepancies between the

exact posit ions ofthe lift car within the tolerances allowed in the design ofthe lift shaft,

and decide not to modelthe behaviour ofthe lift cable at the atomic level. A naive

mechanical model ofthe dependencyma yneed to be modified if the possibilit yo f

ther maleffects is admitted, and is no longer appropr iate ifthe lift cable is presumed to

beco me slack or to break. Nor is dependencynecessar ily associated with synchronisation

ofchange; it has more to do with what we infor mallyunder stand by causation, as when a

doctor declares that a living person has been fatallywounded. This leads us to view

dependencyas framing what consequences ofan action are an inevitable effect ofthe

action, and cannot be allayed by the intervent ion ofany other agent. There is also an

important dist inct ion between the notion ofdependency that is oft en invoked in analysing

concurrency in traditional proceduralprograms, which broadly relates to how the current

value ofa var iable depends on previous assignments to other var iables, and the

indivisible character ist ic ofthe dependencythat in general bi nds many changes to one

atomic change in EM.

There is no explicit reference to dependency in James’s account ofpure exper ience.

However, amongst the conjunct ive relat ions he lists "relat ions ofactivit y, tying terms into

ser ies invo lving change, tendency , resistance and the causalorder generally". One ofthe

most significant features ofEM is that it provides an alternative to the classical

procedural modelofstate, where the values ofvar iables are treated as discrete and

independent: the dependencies in a scr ipt are not assert ions about values alone, but

embodyexpectations about responses to interaction that arethemselves a part ofstate. To

the extent that these expectations are relations between observables that are direct ly

exper ienced, it seems a ppropriate to classifydependencies as conjunct ive relat ions o f

activit y. A plausible analogylikens the disjo int terms oftraditionalempir icismto the

discrete var iables o fproceduralprogramming, and the conjunct ive relat ions o fRadical

Empir icism to th e dependencies in modelling with definit ive scr ipts. The elaborate

programming mechanisms that are required to maintain dependencies between var iables

in a proceduralrepresentation ofstate echo James’s comment about the complex ways in

which rationalists remedy disjunct ion.

James’s perspect ive on the relat ionships between transit ions in exper ience is helpful in

clar ifying the interpretations ofinteract ions and dependencies in EM models. In the EM

modeldepicted in Figure 1, for instance, the lift is con ceived as ’mo ving fro mone floor

to the next’ though there is no explicit attempt to modelcont inuous lift motion. Wit hin

this naive lift model, the location ofthe lift user is thought ofas defined by’in the lift ’, ’on

a particular floor’ or ’not in the vicinit yo fthe lift ’. This ’user location’ cannot be ident ified

with an actualphysical locat ion, but is nonetheless deemed to be a meaningful

observable. In this context, just exact lywhere the lift user is standing in ˘ or in the

vicinit yo f ˘ the lift , or what posturetheyadopt, is not significant. Fromthis, it may

appear that the dependency bywhich "the posit ion ofthe user is determined bythat ofthe

lift " is to be construed in a different wayfro mthe dependencythat links the posit ion of

the li ft car to that ofthe end ofthe supporting cable. The correlat ion between the

mo vement ofthe end ofthe cable and that ofthe lift car is far more exact, and is easily

interpreted with reference to atomic ’infinitesimal’ change. To conceive the movement of

the lift between one floor and the next (as modelled by_ liftfloor++;

) as an atomic

change is to presume that no matter what the lift user does within the lift, theywillbe

mo ved with the lift fro mone floor to the next. Inthe context, the relat ionshi p between the

continuous motion ofthe lift and the discrete movement fro mfloor to floor can be

interpreted as illustrating what James identifies as subst itution, whereby "an exper ience

that knows another can figure as its representative, not in any quasi - miraculous

’epistemo logical’ sense, but in the definite pract ical sense ofbeing its substitute in var ious

operations, so met imes physical and so met imes mental, which lead us to its associates and

results". The naturalwayin which these two experiences of a lift can co - exist subject to

appropriate assumpt ions about the modeller ’s motivat ion is illustrated in the extensio n of

the EM modelmentioned above (cf. liftBeynon2003

). For this purpose, we need only

introduce a new observable liftfloorheight that (sa y) can assume integer values

fro m 1 to 5*N (where N=10 for instance) corresponding to lift posit ions at or between

floors, and define _ liftfloor to be the integer part of liftfloorheight/N

. Such a

modelis appropr iate for many pract icalpurposes, but would not serve for a murder

myster yin which we might wellbe asked to imagine that a person ascending in the lift

fro mfloor 3 fails to arrive at floor 4, or meet the need the engineer may have to consider

non - integralposit ions for _ liftfloor for a lift that is malfunct ioning.

As the above discussio ns indicate, the character ofan EM modelis moulded bythe way

that the modeller chooses to interact with it, and how this interaction reflects the

modeller ’s evo lving presumpt ions about the agencyto be taken in to considerat ion. In

much the same waythat each visit to Coventr yser ves bothto fulfilfamiliar expectations

and functions and to introduce what is changed or was previously unknown, interaction

with an EM modelinvo lves both creation and use. In contras t, the formal specificat ion of

computer models requires a commit ment to modes ofagency and interpretation ( i.e. in

’creat ing’ the model) that cannot be reappraised in the subsequent course ofinteraction with the model( i.e. in ’using’ the model). This ac counts for a fundamentaldifference in

orientation between EM and tradit ionalco mputer - based modelling. In the for mer context,

our agenda is ’finding a good construal’, for which the keyquest ion is ’given that this is

what we’re interested in achieving, w hat assumpt ions about agencyin the world is it

necessar yand appropriate to make?’. In the latter context, our agenda is ’optimising our

use ofknown resources for familiar purposes’, for which the keyquestion is ’given that

this is the agencyin the wor ld, how do we best explo it it?’. The premise for the for mer

agenda is ignorance ofthe world, and for the latter, knowledge ofthe world.

Froma philo sophicalperspect ive, RE can be viewed as endorsing this shift in

engineer ing pr ior ities that EM promotes . In "The Exper ience ofAct ivit y", James [13]

remarks: "... the healt hything for philosophy is to leave offgrubbing underground for

what effects effectuation, or what makes actions act, and to tryto solve the concrete

questions ofwhere effectuation in this world is located, ofwhich things are the true

causalagents there, and ofwhat the more remote effects consist". The thrust ofagent -

oriented analysis in EM is arguably well - aligned to James’s reco mmended agenda in its

concern for identifying agency, attribut ing state - change to agents and interpreting agent

interact ion in glo balstate - based terms. In contrast to the mainstreamtradit ions of

research on agent - oriented modelling and programming, EM favours a concept of

’agency’ that is more than any cir cumscr ibed preconceived rat ionalised interaction, and is

oriented towards a pragmatic dynamic shaping ofconstruals. This emphasis is consistent

with James’s recommendation that, in examining ’the realfacts ofactivit y’, and ar bitrating

between whether ou r actions are programmed by a higher authorit y, are an expressio n of

free will, or emerge fro mthe corporate behaviour ofmore primit ive agents, we should

evaluate our responses to the question "Whose is the realact ivit y?" by asking "What will

be the actu alresults?" [13]. In principle, EM provides a practicalframework within

which to tackle this agenda, supplying environments in which to explore ’possible

construals’ and to situatethe negotiat ion ofmeaning.

As the discussio n ofthe possible extensio ns ofthe EM lift modelillustrates, the virtue of

such an environment is that it is a source ofexper ience that is r ich to the point of

incoherence. As James observes: "Exper iences come on an enormous scale, and ifwe

take themall together, theyco me in a chaos ofincommensurable relat ions that we can

not straighten out. We have to abstract different groups ofthem, and handle these

separatelyifwe are to talk ofthemat all." [13]. Inthe EM modelofthe lift, we can

accommodate the possibilit y that the l ift scenar io descr ibed in Box 1 occurred not

because ˘ as I hypothesised ˘ there was a user Z, but simply because the lift controlwas

fault y. We can dramat ise I’s predicament in deciding whether to get out ofthe lift on floor

4 without needing to resolve the logical inconsistencies in his perception and pursuing

these to their contradictoryconclusio ns. In contrast, convent ional programming, like

traditionalempir icism, has no satisfactorywayto handle the inco mpleteness of

knowledge. Without such means, it cannot do just ice to James’s concept ion ofourselves

as ’virtualknowers’, or his obser vat ion that "To cont inue thinking unchallenged is, ninet y

nine times out ofa hundred, our practicalsubst itute for knowing in the co mpleted sense."

Conclusion

The perspect ive on the nature ofknowing that RE and EM endorse has direct practical

relevance for current trends in knowledge management (cf. [7]). To date, the successful

applicat ion ofco mputers in management has relied to a large extent on explo it ing what

can be object ified and expressed in for malnotations (as in a relat ionaldatabase, or an

expert system). As we seek to make yet more sophist icated use ofcomputer techno logy,

and as this techno logyitself potentially embraces broader aspects ofthe total business

exper ience, so the limitations ofwidelyaccepted philosophies ofinfor mation science are

being exposed. The problems we face are epitomised bythe difficult ies ofnegotiat ing

ontologies and standardising for malrepresentations and procedures for communicat ion

and re - use. This paper attributes these problems to the barr iers that tradit ional

philosophical frameworks for cognit ion and co mputation place between words and

concepts and the exper ience that infor ms them.

The fundamentalrole that exper ie nce plays in info r ming concepts, as emphasised byboth

RE and EM, is patent in the ever ydaysituations within which knowledge management

has to funct ion. Consider the exper ience that leads us as we grow up to ident ify one and

the same ent it yas "a person", "a man", "a doctor", and "a paediatr ician", or to appreciate

the dist inct ion between ’lear ning to speak French’ and ’being French’. In attempt ing to

capture such concepts in for malontologies without reference to exper ience ofartefacts, it

is arguablyim possible to do justice to the role oftacit knowledge, and to reflect the

subt le nuances concer ning the perceptibilit y, reproducibilit yand stabilit yo fthe

underpinning exper ience. As we aspire to provide computer support for ’exper ience

management’, and acco mmodate such broad perspectives on knowledge such as

’mimet ics’ affords, there is ever more need to takeexplicit account ofpersonalexper ience

and to understand this in relat ion to our interaction with the naturalworld and with other

people. RE in c onjunct ion with EM potentially offers a philo sophicaland practical

framework within which to give proper prominence bothto direct exper ience and the

personalstreamofthought, and to the dist inct ions between knowledge as ’socially

accepted’ and knowledg e as ’exper ient iallyvalidated’.

For the scepticalreader, a major intellectualobjectio n to engaging with the thesis ofthis

paper is that it represents RE and EM as essent ial alter nat ive fundamentalphilo sophical

and co mputationalperspect ives. To ackno wledge that concepts such as ’theor y’,

’reasoning’ and ’realit y’ have their significant place within this perspective is not enough

to deflect such scept icism. In this context, a keyissue is that we have beco me inured to

interpreting our interactions with co mput ing technologyin a narrow sense that we would

(arguably) not entertain as appropriate in relat ion to other exper iences, such as playing or

listening to a musical instrument. Indeed, the influence ofcomputational theoryon

cognit ive science has bee n such that there is a tendency towards construing all interaction

as a for mofco mputation. James’s character isat ion ofthe nature ofknowing is ofcrucial

significance in this connection: it ident ifies the relationship between one exper ience and

another not as rationally apprehended and explicable with reference to preconceived

cr iteria for similar it y, but as itselfgiven in exper ience. For the sceptic, a usefulfir st step

towards appreciat ing this view ofwhat it is to know is to dist inguish the EM model ofa lift fro man orthodox simplified for mal model ofa lift wit h a prescr ibed and preconceived

interpretation and funct ionalit y. I n the longer term, in the author´s opinio n, the possibilit y

ofwider acceptance ofRE and EM as a new framework for knowledg e management does

not rely upon such intellectualassent: it potentially offers such benefits in terms ofthe

qualit yo fthe results and exper ience it can o ffer that its practical applicat ion will be

just ificat ion in itself.

Acknowledgements : I amindebt ed to all the participants in the EM project for their

var ious contribut ions and in part icular to Cher ylSidebothamfor the basic EM lift model.

I amespeciallyindebted to Steve Russ for his role in pro moting my interest in the

philosophical aspects ofEM and its applicat ion to issues o fknowledge management, and

for present ing an ear ly versio n ofthis paper at the Workshop on Philosophy and

Knowledge Management at Lucerne in Apr il 2003. I also wish to thank Bert in Klein and

Hans - JoachimPetsche for their help and encouragement.

References

1. W. M. Beynon, Empirical Modelling and theFoundations of AI, Computation for Metaphors,

Analogy and Agents , LNAI 1562, Springer, 322 - 364, 1999

2. W. M. Beynon, EM for Educational Technology, Proc. Cognit iveTechnolog y ’97, University

of Aizu, Japan, IEEE, 54 - 68, 1997

3. W.M.Beynon et al, TheComput er as Instrument, Proc. CT 2001, LNAI 2117, Springer 2001,

476 - 489

4. W.M.Beynon, P - H Sun, Comput er - mediated communication: a distribut ed Empirical

Modelling perspect ive, Pr oc. CT 1999, San Francisco, August 1999, 115 - 132

5. W.M.Beynon, S.B.Russ, Thedevelopment and useof variables in mathematics and comput er

science, The Mathematical Revolution Inspired by Computing , IMA Conf. Series 30, 25 - 95, 1991

6. W.M.Beynon, J.Rungrat tanaubol, J.Sinclair, Formal Specification froman Observation -

Orient ed P erspect ive, JUCS, Vol. 6 (4), 2000, 407 - 421

7. W.M.Beynon, S. Rasmequan, S.B.Russ, A new paradigmfor comput er - based decision support,

Decision Support Systems, vol 33, no2, 2002, 127 - 142

8. G. Bird, Willia mJa mes, Routledgeand Kegan Paul, 1986

9. B. Cantwell - S mit h, TheFoundations of Computing,

http:// www.ageofsig. org/people/bcsmit h/print/smit h - foundtns.p df (accessed 7/8/03)

10. M.L.Ginsberg, D.E.Smith, Reasoning about Action I: A PossibleWorlds Approach, Artificial

Int elligence35 (1988), 165 - 195

11. D. Gooding, Experiment and t hemaking of mea ning, Kluwer 1990

12. I. Jacobson, M. Christerson, P. Jons son, G. Overgaard. Object - orient ed Soft wareEngineer ing:

A Use - CaseDriven Approach, Addison - Wesley 1992

13. Willia mJames, Essays in Radica l Empiricism, Bison Books, 1996

14. C. Levi - Strauss, TheSavageMind, Universit y of Chicago Press, 1966

15. J. Rung rattanaubol, A Treatiseon Modelling wit h Definit iveScripts, PhD Thesis, Comput er

ScienceDepartment, Universit y of Warwick , April 2002

16. M. Turner, TheLit erary Mind, Oxford University Press, 1996

17. TheEM websit eat URL http://www. dcs. warwick.ac.uk/ modelling/

18. TheEM archiveat URL http://empublic.dcs. warwick.ac.uk/projects/