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Abstract

Communication bad spots on a commuter’s train jeyrn
provide an example of context for the activitiesaofvork
system (user and devices) attempting to transfeelaol-
umes of data. A simplified set theoretic basedr@ggh il-
lustrates how the activities, their context, andicke context
capture can start to be analyzed. It is argueddbatext is
not significantly harder to model than other, hunaapects
in a general systems analysis.

Introduction
This paper is the second of a pair prepared for20iEL

AAAI Activity Context Representation Workshop. The

first paper, ‘Defining and Representing Activity i@ext

for Systems Analysis’, summarizes the author’'s farm

Simplified Set Theory (SST) approach and the ushisf

PentaVenn diagram. This second paper uses these in

modest, partially worked example to explore thetexts
of an activity and how a formal approach can aistesyps
analysts by providing structured guidance.

The Train Connectivity Scenario

The scenario is that a user with one or more dideaices,
in England, are on their regular commuter train.séveral
locations on the train journey, external networkroec-
tions are poor or absent, perhaps because of
nels/cuttings or the absence of cell phone mastingBa
regular commuter, the user has captured, i.e. éelafrom
experience, the train route’s environmental contéxat
there are predictable spots where external comratioit
is often difficult or is impossible. Knowing thighe user
adjusts what they do to work around these spotspat-
ticular, the user avoids starting their frequeatgé file ex-
ternal transfers when the train is approaching rarmani-
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cation bad spot. Concerning solutions, it is assithere
are too many remote sites using too many diffepdat-
forms for it to be feasible to globally change sys$ soft-
ware to allow interrupted data transfers to reconcae

The Unassisted User Scenario

Starting with the above scenario, first the user taaiden-
tify their problem, that too often they attempt dodata
transfers (e.g. 5-20 minutes) to a remote siteftibtiue to
connectivity bad spots on their commuter train eouthe
user already knows when, if the train is on tinfe bad
spots will occur. Britain’s trains are not noted fiveir
punctuality and they are deemed on-time within adeiv
of ten or so minutes, so just using the train tab&t to
predict bad spots is not feasible. Over a numbegoox-
neys, the user attempts to find journey landmahks pre-
cede the bad spots by a few minutes (“a few” béass
than the predicted time for file transfer). Sormedmarks
might be easy to identify, e.g. just after a statsiop,
whereas others may be just glimpsed through thelavin
Ideally, landmarks need to persist as, if the is@morking,
then they won't be looking out of the window, ange an
easily identified landmark might be passed in sdson
Such persistence is rare, so what the user wilk ahoose
a series of visual landmarks that precede a batsspthat
they come to recognize the area when they loolobtte

tun- window before they perform a major remote site asce

Being human, most of the user’s activity is petaap
and cognitive, learning then recognizing from meynor
where the train is relative to communication badts@nd
estimating how long before these are likely to éached.
The user might compile a short list asade memoireor,
being computer literate, they produce a map of tfmite
and mark the bad spots and their approaches (Figure

In Figure 1, the width of the bars representsdin@tion
of the journey that will be affected by communioatibad
spots (black) and their approaches (grey), e.g.dpadts b
and c have broader approach areas to representraet



are usually going faster here. As a memory aig users’
hard copy map could be credit card sized, butsifmain
purpose relates to using a laptop, then the magbeadis-
played on screen, which the user might do in a lswial
dow when the laptop is started on the train.
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Figure 1. User's communication black spot map shgwiour
spots (a-d) in black and their approach areas ireyg

This is as far as one user might go, but the ptageto
develop an application to support users’ remote fian-
dling and to remove the considerable cognitiveretimat a
user would have to make investigating and devetptie
map, and ameliorating the still considerable cagmitoad
associated with its use. Unassisted users willemakrors,
because they are busy working, so might forgettmext
completely or forget to look out of the window ime, or
they may fail to recognize where they are as onddeape
may look much like another in poor visibility cotidns,
e.g. heavy rain, fog, or dirty windows in low sgtit, and,
of course, at night.

Systems Analysis

General systems analysis is different from mangiotp-
proaches in HCI and software engineering becausis of
emphasis on the context in which activities occurhe
contrast might be between a user-computer dialogogel
and the more general systems model of an activitythe
latter, using the PentaVenn diagram and SST (Figlre
the work system set A={WS} consists of a user ameirt
digital devices (e.g. laptop, ‘phone, PDA). Thephga-
tion Domain set B={AD} is the remote site and theme
two interface sets, C={Input}, from the WS to ADnch
D={Output}, vice versa The fifth set is E={Context}.

An obvious first step is to consider normal comioan
tion between WS and AD. Analysts need to undedstan
and define each intersection and the communicagle
tionships (paths) through the diagram, e.g. sending
email to a remote site, a five intersection path is
(1) =ws\»

‘The user and device compose an emalil1)
(7) ={WSnInput}\*

‘The user’s device sends an email.(7)

(3) = Input\*

‘External network transmits email packefs.(3)

(210) = {ADnInput}\*

‘The AD computer receives an emidil.(10)

(2 =AD\*

‘The AD computer and user displays/reads emai(2)

In the other direction the path is:
(2)-(11)-(4)-»(8)-(1). This is for one-way communi-
cation and there are two other paths for the sanelbus
case, e.g. a mobile ‘phone call, where (13), {In-
putn Output}\*, replaces the middle intersections, eithe
(3) or (4). Already nine of the upper fifteen irgections
have been populated, if not yet done well.

Figure 2. PentaVenn diagram of 5 sets (A-E) andh wie 31 in-
tersection areas numbered.

An easy way to populate the remaining six are&s is-
terpret them initially with respect to people’s ke
edge/beliefs of the data transmission activity:

(26) = {WSnADnInputn Output}\*
‘The knowledge/beliefs the WS and AD users shanevof
their communication channels waorkl (26)

This then allows a separation into knowledge/fielie
about either input or output, and either WS or Afens’
separate ones, because, of course, to have shaliets b
must mean that they are also held by each indiyjiduzo
may also hold different, unshared knowledge/belig@$s
well:



(16) ={WSnADnInput }\*

‘The knowledge the WS and AD users share of hoim-the
put channel works[ (16)

(27) ={WSnADn Output}\*

‘The knowledge the WS and AD users share of how the

output channel works[J (17)

(19) = {WSnInputnOutput}\*

‘The WS user’'s knowledge of how their communication
channel works.O (19)

(22) = {ADnInputn Output}\*

‘The AD user's knowledge of how their communication
channel works.O (22)

It is an analyst option whether to then add simdke-
ments to areas (7), (10), (11) and (8), but one almpse
not to do so because: (a) these areas have albesdyde-
fined with respect to device function, which isa'tsuffi-
cient reason for not adding alternative definitioasd (b)
because most people know little about network conne
tivity and assume an input-output reciprocity, whimay
or may not be true depending on which technologies
used, so it might be decided to reset (16) and (i émpty
(O). Similarly, if for simplicity here, we assume @cip-
rocity, then we may also set the one-way transorissit-
side the WS and AD intersections, (3) and (4),npty.

Area (6) in the PentaVenn’s top half has not beam
sidered and it can represent other shared knowlgggs:

(6) ={WSnAD}\*

‘Shared domain knowledge of the WS and AD uder®)
This should automatically lead analysts to addiregin-
dividual WS and AD users’ domain knowledge to (f) a

(2), respectively.

The resulting model can now be broken down into se
eral parts. First, the 10 paths (1§7)- (13)-(10)-(2)
and (2)-(11)-(13)-(8)- (1), with the note that (13) is
external to both WS and AD. Second, users’ knogdeaf
their two-way communication, both their individual
knowledge, (1) and (19) and (2) and (22) for WS AhY
respectively, and the communication knowledge they
share, (26). Third, the WS (1) and the AD (2) haa-
vidual domain knowledge and some that they shgre (6

Finally, areas (7) and (11), and (8) and (10) eomale-
vices and so don't involve the users and thus ategar-
mane to the context initially captured by the W&rusnd
which we wish their device to capture and use. ®eng
these four areas leaves just seven intersectiotiseirop
half of the PentaVenn diagram.

Adding Context

While the analysis so far has been cursory and ilyeav
truncated, it is sufficient to start considering tfocus of
this paper, which is activity context, representadthe
lower half of the PentaVenn diagram. Using theydian's
vertical symmetry in Figure 3, there arel4 areasitefest

in white and empty intersections, for current psgx) are
in grey. Area (5) is also in grey as this, Contexepre-
sents context irrelevant to the system of interest.

Figure 3. PentaVenn diagram of the current systdninterest
with the activities and their mirrored contextswhite.

It should be obvious that area (9) will contain mmwon-
text information, but (29) is equally critical andn best be
understood by starting with (25). As area (13)ocawns
communication external to WS and AD, so (25) isriké
work’s context, i.e. the actual communication bgats.
While there may be locations, e.g. tunnels, whbeset is
no external connectivity, it is common knowledgetlire
U.K. that different mobile networks have differicgver-
age, (as well as devices having differing capaédito deal
with weak signals). Consequently, to be more genére
context of “actual communication bad spots” musteha
additional context elements concerning differerntvoeks:
(25) = {Input n Output n Context}\*
‘Completecommunication bad spot locatiors (25)

‘Bad spot locations for different networksl. (25)

The context of the AD, (12), is that it is remétem the
WS and the initial scenario’s assumption was ttsnion-
mobile. Further analysis might consider when bdétB
and AD are mobile and either or both suffering bpdts.
(12) = {ADnContext}\*

‘AD is geographically remote from WEL (12)
‘AD is non-mobile (temporary assumptiorl)(12)

Staying on the AD side, area (30) concerns thesAD’
general bad spot context knowledge, i.e. indepahden
any particular WS. Area (31) is the shared histdrsny,
of bad spot problems between WS and AD, just a¥ i€l8
the shared history of the WS and AD working togeth&-
cluding the bad spot context separated out in (31):

(30) = {ADnInputnOutput n Context}\*
‘AD’s general knowledge that bad communication spots
can occur. [J (31)



(31) ={WSnADnInputnOutputn Context}\*

‘WS and AD shared history of their bad spot comnaunic
tion problems. 0 (31)

(18) = {WSnADn Context}\*

‘WS and AD shared history excluding their bad spoh-c
munication problems[] (31)

This leaves (1) and (29), where this section etianvith
the general WS context and the WS'’s bad spot ctntex
(9) = {WSn Context}\*

‘The WS is on a traih[] (9)

‘The WS knows the train’s routél (9)

‘The WS knows their current locatibnl (9)

‘The train is on-time or nétd (9)

‘File transmission time can be calculated. (9)

(29) = {WSnInputnOutputn Context}\*

‘The WS knows the location of communication badsspot
O (29)

‘Approaches to bad spots can be recogniZed29)

‘Time to bad spots can be calculated.(29)

The (9) and (29) elements all arise directly frome
original scenario. The first three of (9) are iginforward,
specifying a thing in relation to the WS: trainute and lo-
cation. The forth is a shorthand for the thingiftrtimeta-
ble’, but, as discussed below, the critical thisdrain pro-
gress. The fifth element might just be a binargisien by
the user, e.g. “It's a big file to send.”, whichositd trigger
the user to check their location for approaching $gots.

Area (29) deals with communication bad spot cantex
The critical WS issue is whether there is time ramsfer
data before reaching a bad spot. Thus, (29)'sdleshent
uses all the other ones to calculate this. Faitdirany of
the other elements will mean this calculation fadg. if
the WS isn’t on a train, then train tunnel bad spwill not
be an issue and, obviously, the route and curdtion
must be known by the WS. The train on-time elenignt
about journey progress, e.g. if, unscheduled, th&'s
been stationary for some minutes, and particuldripis
has happened several times, then the user mighinahly
gamble that they have time to do a large data feangth
the AD, even though close to a bad spot.

While sufficient for illustration, a more detailedhaly-
sis, of specific devices, networks, etc. would gateemore
detailed elements. It should be recalled thatl&llupper
half PentaVenn diagram areas can have assignedngean
ful elements, so could have context elements inldier
half. The one-way communication to and from the WS
and AD probably needs analysis and, to make thevaod
general, that both WS and AD are mobile. This et
scenarios where the AD is actively sending datagan-
trast to the WS downloading, and whether the AD Af&l
negotiate before transmission, i.e. the AD needstw if
the WS has time before a bad spot to receive ttee da

Context Capture

The set {Context} specifies context, whereas mutkhe
original scenario is about how the user capturedfithe
device is to (mostly) replace the user, then itusth@ap-
ture, and then use, equivalent context informatiGontext
capture can be added as another set using SSTaland
though all five PentaVenn diagram’s sets have hese,
the upper half of the diagram can be reused toesgmt
capture while keeping the lower half for specifyiwugat is
captured. This maintains Figure 3's white/grey setry
and the convention adopted is that the upper hatibers

will  be preceded by CC, eg. (CCl =
{WSn ContextCapture}\* as the mirror image of (9) =
{WSn Context}\* .

Starting with (9) and (29), then the non-calculatele-

ments specified can be rewritten:

(CC1) ={WSn ContextCapture}\*

‘The device captures that the WS is on a train(CC1)
‘The device has captured the train’s raufé (CC1)

‘The device captures the WS’s current locatioh(CC1)
‘The device captures whether the train is on-timeat’
0 (CC1)

(CC19) = {WSnInputnOutputn ContextCapture}\*
‘The device has captured the location of commurminati
bad spots.[0 (CC19)

‘The device has captured the location of approathdmd
spots. [0 (CC19)

A difference between these elements is their GiSeap-
tures” versus “has captured”. Both (CC19) elememist
be captured before they become relevant, i.etatdate if
a bad spot is reached before its location is cagtand
used. Necessarily, the (CC1) route element mustalpe
tured so as to relate this to the (CC19) elements.

Device intelligence and autonomy are major, relate-
sign issues for context capture. For example, ‘Himes
the device know that it and the user, i.e. the @f8,on the
train?’ A uncontroversial design assumption ig tha de-
vice will have a GPS system which the device caerin-
gate to place itself on the train’s route. Whitstseems
much simpler than what the unassisted user hadoto d
looking out of the train window and so forth, jupto-
graphical location, no matter how accurate, comescst
of other context information that the user has ssd¢e and
the device does not. For example, the user ibeit te-
parture station and turns on their laptop devitke device
knows it is in the station, but does not know tihd$ on a
train, e.g. they may be on a platform seat or enplatform
buffet, and if on a train, it may not be the expédobne. A
very simple context capturing device might cheskldica-
tion and capture its missing context by asking uker if
they are on a train and, if so, which one. A gligimore
sophisticated one might have programmed rulesctietk
time and location and assumes it's the usual tuaitil it



gets contrary information, e.g. the train is lagpalting the
station.

At this level it is disputable whether this is ligaArtifi-
cial Intelligence (Al), but the advantage is tHag device
does not have to disturb the user. The device loam, tin-
visible to the user, monitor route progress untieenal
data transfer is attempted. This has to invohea 1), not
context but the user and device’s work, and tranisfee
must be calculated. Here capture is needed frenwthrk
system, WS\*, and then passed to the context efemen
‘File transmission time can be calculated (9)

The calculation could be as crude as just exceealiset
file size, or it could be based on claimed netwoitkrate
and a more advanced system might have contextniafor
tion about bit rates being achieved during the entrror
past activities near the locale. Since (19), @8) (CC19)
concern network knowledge, then elements concerbiing
rates can be added to these as in the manner above.

Train routes and timetables might be easily cautlry
a device, perhaps as a semantic web applicatioichvetill
leaves the problem of identifyingn routecommunication
bad spots. While a bad spots map might be avaiffibm
the web, the context that different networks (aiftedent
devices) have differing bad spots has already been-
tioned. This might lead to designs that involve tievice
learning, and that usually means quite serious Al.

At the moment, most symbolic Al systems are reddyi
poor at learning, i.e. substantially they are hunpao-
grammed. In contrast, learning is the strengtmeidral
networks, but currently at the expense of being matar
tionally resource hungry, and/or often slow, andegelly
perceived as too exotically leading edge for mestiiea-
tions. On the other hand, and whatever Al usedk\ace
that learned about its own bad spots and theircambhes
would be a superior design. It could even cretteown
training examples during journeys, without actudtiyns-
ferring files. Whether it could learn about deldgerhaps
20% of journeys), and even of trains going fasfarale-
lays, is probably at the edge of current Al captidd.

Finally, if developers were to take the networkioec-
tivity context capture by Al design route, wherelevice
continuously monitored its connectivity and learfiedn it
to produce some form of stochastic, predictive ntlagn it
might have much more general applications than foist
train journeys, or even just to journeys by othexams of
transport. Just which is beyond the scope anderasoof
this paper and so is left the imagination of design

Per sonal Observations

The scenario used in this paper was written as AIAA
Workshop discussion document several weeks befae t

paper was started. I'd just haphazardly generstedarios
using an informal user-computer interface modelictvlis

how the user’s map (Figure 1) arose. That suchtBl&

interface as | first imagined was replaced by ottesigns
following the systems analysis above is one, gdiyaiare,

piece of concrete evidence of how doing an analyais
change, eventually, understanding the system efrést.
What follows are a few, more subjective, observegion
how using a formal systems modeling approach hetped
Overall, | am sure that having SST and the Penta\tia-

gram made me think differently about the system.

What's invisible to readers of papers such asdhss is
the complexity of doing the analysis and, in paitc, all
the alternative models that were tried and rejectéd-
though I've used SST for a dozen years, it was grilg
the PentaVenn diagram that | used when constructing
models. My basic approach was to generate paatsuie-
nario and write a note of it directly on the (c&dy dia-
gram. Then one can use the diagram’s symmetnyvesk
tigate other intersection areas which might be lvem.
For example, thinking about two-way simultaneoume€o
munication (e.g. telephones), then this involvesaafl3)
outside the WS and AD. However, if WS or AD use a
conference ‘phone that allows either microphone or
speaker to be active, but not both simultaneouslasto
prevent auditory feedback, then while this doesiffect
(13) it does affect areas where the WS and AD hai in-
terfaces intersect, which ones depending on whasiisg
the conference ‘phone. Also, people adjust thehavior
to such ‘phones, although they may or may not be co
scious of their adjustments. A major advantageiifig
the PentaVenn diagram was to keep me on track #sto
WS and AD as the mobile and remote systems, respec-
tively, and not to slip into a user-computer inded model.

While admittedly only poorly specified as textrakents,
adding the context and capture parts of the arsmhysis
much easier than building the first, acceptablesioar of
the upper half of the model. This ease was dueeing
able to exploit the diagram’s symmetry so that emnt
could be specified with respect to the non-contaitor
elements. For example, if (13) is external two-veayn-
munication, then its mirror (25) must be the actc@in-
munication bad spots and this can then be conttasiti
the WS user’s knowledge of such bad spots (29).

The author has often commented (e.g. Diaper, 2001,
2004) that some “typographical” errors are inegalith
large (task) analyses. An advantage of a formstesy is
that these should be readily detected. Such wagdke
here, where I'd transposed two numbers on the Fenia
diagram which were detected as soon as they wexk us

Discussion and Conclusions

What can the author of these two papers hope tea&h
Also, what can't possibly be achieved? Startinghvihe



latter, negatives, to get them out of the way dyicfirst

there are several omissions, including the conéeksek of
a literature review. Thus there is no discourséhenmany
ways that people have thought about context, whiely

be a bonus as the overall conclusion that the auihe
reached, as a direct consequence of working ore ttves
papers, is that context is not especially more demthan
many other things in systems models. The rolesieth-
ods in the software industries is much omitted amtiyely
and unfortunately, also is any discussion of theaathges
of formal methods, and their limitations, of cours&he
description of SST is very incomplete, for exampleither
paper deals with set elements beyond their textestrip-
tions and there is no attempt at describing how &&Tthe

PentaVenn diagram can be used as part of a me#hod,

though Diaper (2000) explicitly provides such a moet
(SST4SM — SST for Systems Modeling, later refetoeds
the SAM - Systems Analysis Method). This last s
may not be a problem in that one thing the authernygs

knew about these papers was that they could nat, an

would not try, to convince people to use his methadd
formalisms. At the very best, a few people migtsiffi-
ciently interested to contact the author and fintiroore.

Without denying other possible negatives, whats¢he

two papers do achieve are several very positive Hrel
author hopes, useful things. First, the analysithe two
examples in the pair of papers, no matter how ecyrand
incomplete, is a call for clarity of thought. Tpersonal
observations subsection above is important to cortite
impression that such general systems analysegraighs-
forward, even for experts. Apart from the easyntatke er-
ror of slipping into considering user-device dialegsce-
narios when these are inappropriate, the logicaiptete-
ness of an SST model and its PentaVenn diagraroedar
structured thinking approach on analysts, makiregntfill

in other intersection areas than the ones they wfiin.

This then encourages generating alternative, ektenar-
ios and, importantly, a rationale for generatingnth

In these two papers, the Dowell and Long (e.g.9198
WS and AD model, and the author’s extensions te thi

(Diaper, 2004; Diaper and Sanger, 2006), is immorées
illustrated are two genuinely different possiblergpec-
tives, the one where users and devices operat¢htrge

the WS to perform work in the AD, and the user-catep
dialogue model where users and their devices garate,
in the WS and AD, respectively. Much is often made
the importance (and complexity therefore) of havingl-

tiple perspectives in systems analysis, but welngd ex-
amples are much rarer.

That complexity and context go together will beam-
sensus at the AAAI Workshop. This is an erroroadng
to the conclusions reached by the author after grieg
these two papers. Modeling context is not reaiffecent
from modeling the other sorts of things and refaltps in

human-computer systems. Indeed, in one sensextaste
easier to model because, as argued in the firgrpép ef-
fects are one-way as it can change other partssysgem
but it will not itself be changed. If we are aldgamodel-
ing people, then we are already modeling the most-c
plex parts of any system. Much of such modelingfim-
tangible things, of thought, memory, beliefs, plagsals
and, always, within social systems, accepting Wiitg
stein’s proposal that a private language is imyessi

Unlike many software engineering methods whickdten
to focus narrowly, e.g. on data flows, entitiesieats, it is
necessary for a general systems approach to betable
model anything. This is not a problem for genenathe-
matical/logical systems as definition is the anlypre-
rogative, e.g. in set theory, initially each setdisfined
however an analyst wishes. The most complex amyttd
be modeled is still people, and so modeling contéktbe
most complex when it involves people rather thanpger
systems such as the weather, or people’s modetsnafs,
such as of their models of social or economic syste
These papers’ message is therefo@oritext? Do Not
Panic!, because context is like all the other complidate
things that are already modeled in a general systamly-
sis approach.

There is, however, a final caveat, if analysts'dtiink
of it, then it won't be in their analysis. Thid, @ourse, is
true for any systems analysis approach. Everf g@ople
don't think of economic, business, social, cultuegthical
or religious contexts, then they won't be modelad auch
contexts can be difficult to identify when theifefts are
pervasive, i.e. where the system is always affebteduch
a context. In contrast, problems encountered withiS

and AD analyses usually makes systems components fa

more visible and provide a basis for how analysfind
and articulate their systems models.
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