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Abstract

This paper describes a new rational framework for
modelling exploratory leaning of interadive devices, first
presented in Young & Cox (2000). The framework has
been used as a basis for anaysing a number of protocols
taken from participants exploring a simulated central
heding timer that provide examples suppating the
framework. The results siggest that the framework can
successfully explain episodes of the participants' behaviour
during exploration and aso what they lean from it.
Findly, we describe the modeling work (in progresg in
Soar (Newell, 1990) and COGENT (Cooper & Fox, 1998)
implementing the framework.

The Framework. The framework described here
provides a rational acwount of exploratory leaning.
Before describing how it works in pradice, we outline the
basic structure of the framework. It consists of an
iterative cycle of threestages as shown in Figure 1. Inthe
first stage dl applicable posdble things to dg or
exploratory ads (EAS), are identified and their predicted
efficiency cdculated. Efficiency is defined as the ratio of
the predicted increase in information that would be gained
by carying out the adion, divided by its cost which is
usually identified as the time taken to perform it.
Sewndly, the one with the highest efficiency is chosen
and thirdly, it isexecuted. The gycleisthen repeaed until
such time & the goal is met.

All EAsthat are gplicablein the airrent context are identified.

/ The EA with the

; highest efficiency is
The chosen EA is executed. chosen.

Figure 1. The Rational Framework for Modelling
Exploratory Leaning (EA = Exploratory Act)

As a starting point we @ncern ourselves with a user
engaged in unstructured o free eploration of an
interadive device It is hypothesised that the user makes
a dedsion between a number of EAs he an do, based on
the st of performing one of these changes and the
expeded gain. These EAs can be internal or external
adivities such as a) understanding something more aout
the layout, b) understanding something more @out a
component of the device c¢) clicking a button, d)
understanding a change that takes placeon the display, €)

forming a hypothesis (i.e. if | do X, Y will happen), and f)
performing an experiment (to test a hypaothesis).

Presuming the user has never encountered this device
before, we can imagine that the EA he might choose to do
is to understand something about the layout. This EA is
likely to be chosen a number of times as the user looks at
the layout of the various interfaceitems and their relations
to ead other. A further number of internal EAs might
follow as the user notices and considers the various labels
on the interfaceitems. At some point, ssimply looking and
noticing things about the interfaceitself will not offer the
same amount of information that one might exped in the
first instance and so the user will choose to perform an
adion. The reason this adion might be chosen could be
as a result of a particular hypothesis that has been
proposed that the user wishes to test, or aternatively,
simply to see what happens. After eat EA, the user
chooses the next EA to perform depending on which EA
offers the highest efficiency, or return for cost, in the
current situation.

The Protocols. The protocols reported here were taken
while participants explored a simulated central heding
timer. In addition to the usua interfaceitems one might
exped there was a button cdled test. This button led to a
screen where the participant could ‘probe’ each day and
seewhat the behaviour of the devicewill be.

Case Sudy 1 —P1. Initially, P1 has alook around the
display and then chooses to click on the test button. She
mistakenly believes that this will give her some tasks to
undertake. She quickly redises her mistake and goes
badk to the main screen of the device She notices that the
deviceis telling her that the heaing is st to off and she
says that she’s going to click on the 24 hous button. She
foll ows this with a remark that she sees that the deviceis
now indicding that the heaing is on. This squence
ill ustrates how, from all the possble things $e oould try
in the situation, she deddes to click the 24 hous button
with aview to seang what it does.

After thisinitial orientation phase, P1 sets herself the
task of setting the heaing to come on and go off on
Monday. When she has achieved this, she tries to change
the settings ® that the heaing comes on and goes off for
some of the other days of the week. Throughout the
exploration period she beacomes more and more confused
about how various aspeds of the device work and is
sometimes sdetradked into performing experiments to
investigate what a particular button does or how it works.



Looking at this interlude in more detail, we see that
the next episode begins with P1 clicking Auto and
noticing that the event buttons are enabled. She then
seleds ON1 and clicks the day button setting the event to
Monday. Then, clicking on Advance, she remarks that
“that’s how | make the numbers change”. She then
generalises this knowledge to the Back button
hypothesising that clicking it will make the time go
backwards. She performs an experiment to check this
hypothesis and clicks the Back button severa times
saying “....and how | make them go badk”. There ae a
number of similar episodes where P1 successfully leans
how to use other parts of the device

Case Sudy 2 — P2. Analysis of the protocol shows
that P2 initially orients himself to the device and explores
the basic button functions. He then tries to set up a
pattern of on and off times for Monday and after an initial
misinterpretation, leans to use the test screen to find out
the behaviour of the heaing system. The next task he
triesto doisto set up an on and off pattern for Tuesday.
While trying to achieve this goal, he discovers the cyclic
nature of the day button and the groups of days that can
be seleded.

The protocol also shows that from about this time he
starts to redundantly reseled an event after he has st the
time and day for the event. This suggests that he is using
the interface @ a cmmand composition interface ad that
he sees this reseledion of the event button as a
communicdion that this is the setting he wants, rather
than sedng the interface & the state-setting interfacethat
it redly is.

One of the other errors P2 makes while using the
deviceis to set up a pattern of on and off times, say for
the weekend, on the same event buttons that have been
used for a different pattern, say for Monday through
Friday. When he came to probe the test screen to seethe
result of his programming, he was aurprised to find that
the original settings had been deleted. (Thiserror has also
been made by many of the participants using the devicein
other studies.) Our propasition that he believes that the
interface ommunicates commands rather than sets dates
explains why he makes this error.

The Modd. Models of exploratory leaning are
currently being built in COGENT (Cooper & Fox, 1998)
and Soar (Newell, 1990. The am of these modelsis not
to replicate, button-press for button-press the behaviour
of the participants discussed in this paper, but to identify
sequences of behaviour similar in neture to what has been
observed. For example, given a free-exploration
situation, we would exped the model initially to conduct
device-oriented exploration and then to attempt self-
imposed tasks such as mini-experiments to test
hypotheses. These hypotheses regarding how the device
works may have been built as a result of observing the
feedbadk from a particular button press or from
generaising krowledge eout the function of one button
to another. Furthermore, analysis of the knowledge

aqquired by the model is expeded to show that device-
oriented knowledge is easily aqquired but that an acairate
understanding of task-oriented knowledge is less
common. In addition, the framework predicts that there
will be adifference in the knowledge aquired by those
conducting free ad focused exploration and it is expeded
that the implemented models will show this. This
prediction is supparted by evidence found by Trudel and
Payne (1995 when they compared the performance of
people who explored a digital watch under those two
conditi ons.

Discussion & Conclusions. Previous research (Cox &
Young, 200Q Draper & Barton, 1993; Trudel & Payne,
199%) has suggested that participants gpend most of their
time engrossed in device-oriented exploration and do not
set themselves redistic tasks gontaneousy. The
protocols discussed here suggest that this distinction may
not be so clea cut. P1 and P2 dosean to set themselves
task-oriented goals but often bemme sidetradked into
aoqquiring device-oriented knowledge when they are
unable to complete their task-oriented goal. A number of
episodes are explained in detail to illustrate that the
protocols can be described using the framework and that
using the framework as a basis for analysing the protocols
is a useful tod in urderstanding both what people do
during exploration and what they lean from it. This
suggests that the framework will be successful as a basis
for developing models of exploratory leaning of
interadive devices.
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