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We are interested in understanding interaction — what it is and how it can be used in designing
and evaluating interactive systems. The rest of this document sets out to explore what interaction
is and how we can understand it. First the basics of our Interaction Framework (IF) are outlined.
After this the framework’s notions are exemplified through examples from use of various digital
libraries. The examples in this working paper are based on video analysis of a protocol taken with
asingle experienced user, working with various digital libraries.

Interaction Framework

Our framework for understanding interaction is composed of several forms of description of the
interaction which draw upon each other culminating in descriptions of general interaction
properties which we believe are important to understand for design and evaluation (illustrated in
Table 1). It is developed from earlier work by Blandford, Harrison and Barnard (1995). This
section briefly works from the most basic description of interaction to interactional properties. In
contrast the next sections consider interactional properties and reasons for trouble in interaction,
and relates them to other forms of the framework.

Form of description | Concerned with

Properties Interactional properties e.g. familiarisation, serendipity, lucidity.

Causes What causesinteractional trouble | < | Hooksto other modelling
e.g. discriminability of events, techniques or theories
mutuality of agents.

Symptoms Whether trajectory is canonical, and if not, what interactional trouble
exists e.qg. interactional detours.

Traces Interaction trajectories - partially ordered events to attempt to achieve
objectives. Whether objectives are achieved or not.

Fundamentals Agents, agent grouping, communication channels between agents,
events between agents, system state, objectives described in terms of
system state.

Table 1: Interaction Framework levels of description

Fundamental Interaction

Fundamentally, we consider interaction occurring between agentsin a system via communication
channels — interaction is in the form of events communicated between agents along these
channels. An important aspect of IF is its ability to consider interactions at different levels. We

1of 35



RI DL Wor ki ng paper NBK/ AEB

might consider an event at the micro-level where it is essentially one bit of information. If we
considered all interactions in terms of such events we would quickly become swamped with a
plethora of events and would not be able to gain a more holistic view of the situation. Considering
macro-level events allows us to move beyond such constraints whilst still being able to delve to
the micro-level if necessary. For example, when entering a search term for an online library we
might consider the whole piece of text entry as a single macro-event for the purposes of our
analysis. However, if there were significant delays between a user pressing a key and the system
displaying the keystroke (e.g. due to network delays on a telnet session) we might wish to
consider this micro-level of analysis and how this affects the interaction.

Interaction occurs for areason; therefore, at least one of the agents involved in the interaction has
some set of explicit and implicit objectives they wish to attempt to satisfy. An explicit objectiveis
usually one which an agent actively tries to meet e.g. finding a book relevant to their current topic
of work. An implicit objective, on the other hand, is one which is not usualy actively being
pursued, but which can become an explicit objective due to some event e.g. when searching for
books on model railways (their explicit objective), the agent may come across books on voltage
transformers which are relevant to an implicit objective they had. They may then take up the
search for information on voltage transformers as an additional objective.

Furthermore, each agent has state as does the whole system. System state is made up not only of
agents' states, but also the communication channel configurations and the constraints on these
channels. Systems move from one state to another due to the initiation of some event — a
transition event. For each state thereis a state potential for each agent involved in the interaction.
This is the set of events which the agent could issue. This does not necessarily mean that the
agent is aware of all of these possibilities. Related to this state potential is the event potential of
that state. Thisisthe set of events that an agent could issue to proceed towards an objective and is
therefore a subset of the state potential. At this fundamental level objectives are described in
terms of pre and post conditions on the state of the system.

As with events, we may also impose different groupings of agents to provide leverage on our
understandings of different aspects of the interaction. For example, we may consider the different
user interfaces to adigital library as different agents, or may wish to differentiate between storage
and user interface agents, or indeed may just consider the whole computer system as one agent.

Interactive system
F: set of all Agents

x: set of all Events

System state
A: set of agents involved (I F)
C: configuration of the agents A

Set of pairs of agents which can communicate with each other
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A {source agent, destination agent}

P: state potential

For each pair of communicating agents (<a,b>1 C) the set of possible events that a can issue to b
A {source agent, destination agent, {possible events}}

E: event potential

The subset of P whose events lead a towards their objective

A {source agent, destination agent, {possible events}}

Clearly there may be conflicting sets of event potentials — each agent has its own set of objectives
and so at each stage of the interaction they may wish to follow different trgjectories. Resolving
these conflicts, or at least considering how they can be arbitrated, is the role of the interaction
designer.

Agent
O: set of objectives
Set of pairs of pre and post conditions <p,, p,>
Note that through an interaction objectives might change in terms of their post-conditions
S: state of agent
B: belief that objectives can be met

Set of pairs of objectives and probability that objective can be met <objective, probability>

Conditions

Set of constraints on the system state

Traces of Interactions

As mentioned previoudly, forms of description in the framework build on other forms (except for
the fundamental form). As such the trace form builds on the fundamentals to describe interaction
trajectories which are partially ordered sets of events constituting an episode of communication
between agents attempting to meet an objective. For example, in searching for a text in a
collection (an objective) there is a sequence of events for a user attempting to find the text. We
are interested in trajectories that do not meet objectives efficiently, and the reasons behind this.

Trajectory

Partially ordered set of state and event pairs <s, e> - e is the transition event that leads to s;.

Symptoms of Interactions

Building on the trace level, the symptoms level categorizes trgjectories in terms of whether the
trajectory was canonical (most efficient for achieving the objective), and if not, what the
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symptoms of interactional trouble were. Troubled trgjectories do not meet objectives, or do not
meet the objectives in the least convoluted manner. For example, mistakes may be made by the
user in issuing an event which leads to the interaction involving a detour to return to a point from
which the objective can be met. Reasons for non-canonical trgjectories include blind alleys
(where an agent proceeds for some time before they realise that they are not progressing towards
their objective and so must restart the interaction), interactional traps (where an agent believes
that their objective is unachievable even though it is achievable), and interactional detours
(where an agent performs interaction which does not directly move them to their objective). The
point at which the trgjectory moves away from the most efficient trajectory is caled the point of
deviation.

Once symptoms of interactional trouble have been identified the causeslevel is used to suggest
causes for the trouble. At this point |F can use hooks to other theories and modeling techniques to
provide explanations for trouble occurring. For example, models of human cognition such as ICS
(Barnard & May, 1999) could be used to suggest the relationship between users goals (related to
their interactional objectives) and the structure of the information conveyed by the computer
system. |F also provides some suggestions for causes of interactional trouble e.g. the poor
discriminability of events (how easy it is to discriminate between events) can be an reason for
interactional trouble. Another possible cause suggested by IF is poor mutuality between the
agents (how much mutual understanding there is between the agents, based on common ground
(Clark and Brennan, 1991)).

Finally IF considers the interactional propertieslevel. At this level IF describes properties of the
states and trajectories such as serendipity - happening upon relevant information. Such properties
can be related to lower levels of the framework in order to inform both analysis of current
systems and design of new systems.

So, IF is concerned with agents interacting together to achieve some non-empty set of objectives.
Moreover, by grouping agents we can understand interaction at different granularities. The key is
that we are interested in the trgjectories — how agents get from one state to another. This can be a
rich and varied journey, an interesting analogy can be seen in Roquentin’s description of hislife:

...l for my part have had some real adventures. | can’t remember a single detail, but | can
see the rigorous succession of circumstances. | have crossed seas, | have left cities behind
me, and | have followed the course of rivers towards their source or else plunged into
forests, always making for other cities. | have had women, | have fought with men; and |
could never turn back, any more than arecord can spin in reverse. And all that was leading
me where? To this very movement, to this bench, in this bubble of light humming with
music.

(Sartre, 1963).

One interpretation of this description of his life can be used to throw light on IF as follows. In his
description he saw his life as a journey — a trajectory — not knowing the details — the specific
events — he was nonetheless aware of states that he had been through — seas, forests, etc. — and
was aware of his driving objective — to make for other cities. Similarly, we can use IF with
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various amounts and kinds of information to help us understand where agents have been in
interactions, where they are trying to get to, and why. Moreover, this description highlights the
irreversibility of events— he could never turn back, and the notion of the current state to which he
has arrived at — sitting on a bench in a café.

The following table summarises the properties developed to date in the Interaction Framework.
Moreover, it illustrates how properties relate to either a state potential — what an agent could do
from that point — or a trgjectory — how an agent’s interaction unfolds over time. This is an
important distinction and highlights the power of IF to consider not only single events, but also
sequences of events over time.

Property of Property Description
State potential — set of Serendipity Set of eventsthat lead to an implicit objective from the
events an agent could current state. Thereis a set for each agent relating to the
instigate agents it interacts with.

Discriminability How distinct possible events are.

Event potential Set of eventsthat lead to an explicit objective from the

current state There is a set for each agent relating to the
agents it interacts with.

Event awareness Set of eventsthat an agent is aware they could issue
from the current state. There is a set for each agent.

Tragjectory Lucidity How sane and rational atrajectory is—whether events
result in expected changes in state over time

Familiarity How easy it isto grasp some aspect of another agent -
how easy it is to become familiar with the structure,
content, or coverage of another agent.

Table 2: Interaction properties

The Observation

This section illustrates the use of the Interaction Framework to understand properties on
interaction. In this section we examine the interaction involved in using digital libraries to locate
articles required for a user’ s information needs.

In our observation an experienced academic computer user (a member of the Digital Libraries
research team) volunteered to be video taped for eighty minutes as she used digital libraries in
supporting her work — tasks were therefore user defined and not imposed for the purposes of the
study. The user was asked to attempt to give verbal descriptions of her actions and thought
processes so that these verbalisations could be used later to help interpret the interaction. From
this video recording a thirty minute compilation of ‘interesting’ interaction was derived — by
interesting we mean interaction which we can use to illuminate the description of IF, the
remaining recording was mostly uneventful or repetitious. These clips were then transcribed
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(including speech and some description of interaction between user and computer system) and are
used in the following sections as source materials for examples. Short debriefing interviews were
then conducted with the user to ascertain her motives and understandings of certain aspects of the
interaction. Table 3 illustrates the notation used in the transcript.

Notation Use
Bl ah Vocalisation by subject
[> blah] Action: input to computer ‘blah’
[ < blah] Action: computer output ‘blah’
[- blah] Current computer state ‘blah’
[ bl ah] Note ‘blah’
Continuation of vocalisation across action

Table 3: Transcript notation

User’s Objectives

The user had one main objective: to find information from digital libraries relevant to her current
work interest. This can be decomposed into four more specific objectives: to find information
from digital libraries on:

usability of digital libraries

European cognitive modelling and its relationship to HCI
usability of calendars and diaries

the relationship between Al and HCI

Agents in the Observation

In order to understand the various aspects of the digital libraries we consider three main agents
when auser interacts with adigital library:

the user

the user interface to the digital library — several windows may be open showing different
versions of user interfacesto the library, these are al considered to be separate agents

the collection of the digital library — if there are multiple collections then these are regarded
asindividual agents of the same class

This division allows us to separate discussion of the user interface to the library from discussions
of the structure of the collection (which is in some way presented to the user via the user
interface).
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Summary of the Interaction

The user in this study had four specific objectives as discussed previously. In meeting these
objectives she used four information resources. the ACM digital library, the Google search
engine, the IDEAL digital library, and the New Zealand Digital Library (NZDL). These were
used in a relatively orderly sequence of ACM, followed by brief use of Google, then use of
IDEAL, and finaly the NZDL. One interesting aspect of this sequence is that the search
objectives are repeated to some extent with each information source as opposed to meeting each
objective in sequence. Maybe this tells us something about the effort of switching between
information sources, or possibly the support for the notion of serendipity which alows her to
stumble upon entries related to other objectives.

In detail, she spent most of her time using the ACM DL. Initially this involved trouble in just
logging on (finding the page and entering user information). First the user tried to locate articles
on calendars and diaries by searching for such terms. This then involved plenty of ‘sifting through
articles' to find relevant entries. Following on from this the user encountered problems with the
ACM DL notion of ‘bookshelves and ‘binders — what on earth is a bookshelf, and how do
binders relate to this concept? More to the point, she questioned whether she had a bookshelf and
binder. Once this situation had been dismissed as irrelevant, she started to view individual articles
to judge their relevance. Any articles that seemed relevant were then printed for further review (as
happened in other information sources). The whole observation is summarised in the following
table which in itself illustrates the relative time spent using each information resource - activities
in the following table is referred to in the following sections.

Information source | Apparent focus | Activity

ACM DL Loggingin

Digital libraries | Search for digital librar

No results found — due to manual stemming of search terms

Calendarsand Search for calendars and diaries

diaries Sifts through results

What is a bookshelf?

abstract and article on-line)

Printing out papers that seem relevant (after viewing the

European Search for Rasmussen
cognltlye Sifts through results — none seem relevant
modelling
Search for Hollnagel
No results
Al and HCI Search for Artificial Intelligence Human

70f 35




RI DL Wor ki ng paper

NBK/ AEB

No search results (problem is that Hollnagel is still in
author search box)

A lot of effort trying to find articles on artificia
intelligence

Attempt to find Artificial Intelligence journals/ conferences

Many iterations of viewing conference descriptions

Start 2™ navigator window

Browses list of conferences — mostly looking at Al
publications

Gets to DIS and discovers doesn't have most recent
conference

Browses through Computing Surveys

Problems with lack of support for browsing to previous
years

IDEAL Moveto IDEAL
ACM Switch back to first window to see if an ACM article has
finished downloading
Google European Search for Hollnagel
cognitive
modelling
IDEAL Switch to second window — IDEAL
Problems with current issue of |JHCS — seems to be empty
Caendars and Search for diaries
diaries None found
NZDL Go to NZDL page
HCI bibliography
Al Search for artificial intelligence
Cognitive Search for cognitive
modefling Reformulate query — same suspects found
Al Browse Al bibliography
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Understanding Interactional Properties in the Observation

This section outlines interaction properties as we understand them with respect to excerpts from
the observation.

Familiarisation

Familiarisation refers to how easy it is for an agent to develop an understanding of some aspect of
another agent such as their behaviour or the structure of their state.

Familiarisation
Given two agents A and B, a preliminary definition of A’s familiarisation with the aspect z of B is:

Every event initiated by B has a post-condition that is a significant increment on A’s understanding of
aspect z in the pre-condition.

There is a point early in the interaction where a basic understanding of aspect z is developed. Therefore
the length of the interaction to achieve familiarisation is short.

Familiarisation can apply to a class of agents in which case the following are also applicable:

The aspect z is reliably similar across members of the class of agents B belongs to. Therefore A’'s
knowledge of aspect z can be usefully employed in understanding aspect z of other agents which
appear to belong to the same class of agents as B.

Agents of the same class are obviously similar in terms of aspect z.

A key issue with familiarisation is which aspects are agents concerned with. Two main aspects
have come to light to date which are discussed in the following sections:. the state of the agent (in
digital libraries: the collection(s) of the library), and their interaction possibilities (in digital
libraries: the user interface to the collections).

Familiarisation with Collections

As mentioned previously, we consider the user interface and the collection(s) of digita libraries
as separate agents. In this section we discuss familiarisation with the collection(s) of a digita
library — the next discusses familiarisation with the user interface. Three aspects of collection
agents have been identified as objects of familiarisation:

Content — how familiar a user agent is with the content of a specific series in the collection
e.g. thelikely content of ajournal.

Coverage — how familiar a user agent is with the content of a collection, or whole library e.g.
how relevant the journals in alibrary might be to an objective. This form of familiarisation is
effectively familiarisation with the class of collections.

Structure — how familiar a user agent is with the organisation of a collection or class of
collections.
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Familiarisation with Collection Content

A user may be familiar with the content of a collection — what particular artefacts are in the
collection. For instance, upon selecting the table of contents of the DIS conference series in the
ACM digital library our user said:

[- ACM DL details of Synposium on Designing Interactive Systens]

Hm | can’'t find DIS '99, |I'msure it happened
Implying that she thought that she knew the contents of the DIS conference collection, and it
should have contained DIS 99. This shows a situation in which outside knowledge of what should
be in a collection contradicts what is actually in the collection. In terms of design, we need to be
considering how to develop collections with which users can easily become familiar with the
content —to know what items are in the collection.

A more striking example comes when the user visits the IDEAL library and wants to look at the
current issue of the IJHCS journal. The extract below shows part of the confusion the user suffers
when she visits the current issue of [JHCS and find that there are no articles displayed —
confounding her expectation from her content familiarisation that the current issue’'s articles
should be available (illustrated in the following screenshot). This confusion leads to plenty of
aggravated interaction and eventually giving up on the issue — a question here is what that does to
her understanding of the content of the collection. In the table below user initiated events are
indicated by ® , library issued events are indicated by - , and attempts by the user to instigate
events which are not actually part of the state potential are indicated by « (these illustrate how
confused the user has become about the contents of the current issue based on their content
familiarity).

My Profile  Search  Browse SR H-'q: I.E'%lwr

Etermational Jaummal of Human Computer Sludies

Wl B M B ek 000

Hunuan-Computer | [

TABLE OF CONTENTS

afdies

BELECT |.ld.| Lziar _!J E

Screenshot of I JHCS current issue page

Transcript Events

[- IDEAL library 1JHCS page shown (current issue)
wi th pop-up navigation nenu (“SELECT: Al

| ssues*)]
Let’s just go to journal home page...
[> selects journal home page from pop up menu] ® IJHCS index

[< I'JHCS journal honmepage appears (in |DEAL |ib)] - IJHCS index
...don’t know how | got there

[> clicks on go (next to pop up menu sayi ng ® IJHCS current issue
current issue)]
[< current issue page repl aces journal honepage - IJHCS current issue

(note - no contents)]
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Shall | go to the current issue and have a | ook
what’ s there.

[ pause]

Hmmm

[> clicks journal |ogo]

[> clicks journal |ogo]

[> clicks go button (next to pop up nenu sayi ng
|ist of issue)]

Were am | goi ng?

[<list of journal issue replaces current issue
page]

K.

Errm

[> clicks on npbst recent issue |ink]

[< current issue page replaces journal honmepage
(note again — no contents)]

Err.

What am | doi ng wong?

[> clicks journal |ogo]

[> clicks journal |ogo]

[> clicks on pop-up navigation nmenu]

[> clicks on | DEAL | ogo]

Familiarisation with Collection Coverage

K3
o

K3
o

@

J

J

<

K3
o

K3
o

<

IJHCS index

IJHCS index

IJHCS current issue
IJHCS current issue

NBK/ AEB

In contrast to familiarisation with collection content, familiarisation with collection coverage
refers to understanding what kinds of items should be in the collection as opposed to what
specific items are in it. The following transcript extract shows how the user believes that she is
familiar with the coverage of the ACM Computing Surveys journa i.e. what kinds of articles
should bein ACM Computing Surveys, and so cannot understand why a particular articleisin the

Surveys.

[- ACM DL contents of |atest conputing surveys]

What’s this doing in.
Surveys for goodness sake?

Doesn’t | ook like what |’'d consider to be a survey.

Wiy’ s that in the surveys thing then?
[> clicks on article l|ink]

[< page displaying article replaces contents page]

[ pause]

[> scrolls down]

[< bottom of first page comes into view
Hmm

Looks very.

Looks conpletely irrel evant anyway...

[> clicks browser back button]

[< contents of survey issue replace article page]

...but | don’t know why it is where it is.

A more implicit indication of the user’'s familiarity with the ACM Digital Library is that she
chose to visit it first, before other libraries. This is due to that fact that previously she found it to
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have the best coverage. It may aso be due to her familiarity with the user interface which is
discussed later.

Familiarity with collection coverage is also evident in the user’s use of the New Zealand Digital
Library (NZDL). The first page of the NZDL shows severa different collections within the
library as partly illustrated in the following screenshot. The user is able to identify three
collections which are relevant to her objectives as illustrated in the following transcript. This may
be from the minimal information provided in the interface (titles of collections), but more
probably from previous familiarisation with the coverage of these collections as some of the titles
are rather nondescript.

] ~

The University of Waikato

[Food and = niupepa;
Nutrition maori newspapers
Library. -
‘ youth
oral
history

roject
EEE oNLINE iR

select a collection

arabic
collection

|

Callection on virtual
Critical N disaster:
Global library
Issuss <2 the hci

e L] bibliography

weekly
hamanty 1| | TdBITS|

‘Iihraryr

NZDL main page

[- NzDL hone page]

[> scrolls down page]

[< NzDL hone page scrolls to show nore col |l ections]
Ah.

[ pause]

OK. So there’s three different collections.

There’s the HCl bi bl i ography.

Familiarisation with Collection Structure

In contrast to familiarity with content or coverage of a collection, familiarity with the structure
alows us to build up a model of the organisation of the collection — what kinds of things we
might expect to find in different parts of the collection. An interesting example of a user's
familiarity with the structure of a collection comes when in our observations the user is engaged
with the ACM DL. In this case she appears to be familiar with the idea that each article in the
library has a separate abstract which can be viewed independently of the article itself (presumably
to provide a more succinct description, and shorter download time). In the following extract we
first see the user identifying an article that might be of interest (ontologies). She then issues an
event to view the meta-data, but when the meta-data comes up it is particularly terse (in fact it
only shows the keywords and alink to the full text asillustrated in the following screenshot). This
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appears to not be what the user expected to see at that point given her familiarity with the
structure of the collection i.e. she expected an abstract.

iy bome | I aptwrbily Wl TR e ey eghile B aekisbn L Ammdhak

£ intelligence: Mew Wisions of AT in Practios

Froborrm 06, Bmssn 1 {1905%]

e [T R ikl il kv pags

Dnmlogpes: borreming from seftmare gasterns

O 4404
Wladen Dasadiic

metaciata T pvinn i
| bt FiP 5527 KB

IMIDEY TERMS

Catogories and Subject Doscriptors:

mompdbng Methesdodookes -Brtificlal Intelloence - Krewledas Penregentanon
Formaisms and Methods [[L2.4); Software -Software Engines=nng - Softwane
rchineciures (D2 11 Patte s §a,. clisalfeery e, papsaliive,

bl e b v 3

Tha Digral Ubrars & poblshad by the Sssocation for Corputing Machnars.
COopEnghc D 1999 &C0H, Inc

Screenshot of meta-data for ontologies paper

[- contents page for volunme 10 of Intelligence journal]
Ont ol ogi es is borrow ng from euggh.

Shall we have just a little shufty?

[> dicks on abstract Iink]

[< abstract of article displayed replacing |ist]

[> scrolls down]

[< bottom of abstract shown]

Doesn’t seemto want to tell us anything apart fromwanting to give us
full text which is going to be a...

[> clicks on full text |ink]

[< full text replaces abstract page]

... hi ght nar e.

[> starts scrolling down]

Ch.

Familiarisation with User | nterface

As with other forms of familiarisation, we are concerned not only with familiarisation with a
particular user interface, but also classes of user interfaces. In the following transcript it is evident
that the user’s familiarity with search formulation in general led her to manually truncate her
search terms from ‘digital libraries' to ‘digital librar’ (this eventualy resulted in no search results
being returned). However, the ACM digital library allows user to specify that the user interface
should truncate terms for them. Therefore this is an example of familiarity causing the user extra
effort. As an interaction designer, we might ask ourselves how this incorrect familiarity could he
highlighted for the user, or addressed by the user interface in some way.

13 of 35



RI DL Wor ki ng paper NBK/ AEB

[- ACM DL search page]

Terns such as digital libraries...
[>types ‘digital libraries’ into search box’]
[< search box contains ‘digital libraries’]
...seens kind of bizarre to look just for titles, so
if | put libraries |’'mgoing to mss those with library so I'll put...
[> changes ‘libraries’ to ‘librar’]
[< search box contains ‘digital librar’]
Lucidity

Interaction is lucid when it proceeds in a sane, rational, and easy to understand way with respect
to agents' objectives and constraints, and their understanding of the interactional possibilities of
the system. So, for instance, whilst typing this document | expect that pressing the ‘k’ key on my
keyboard will result in a letter ‘k’ being produced, | do no expect any other letter, or even
combination of letters to appear — that would not be sane and rational .

Lucidity
Given two agents A and B, a preliminary definition of A’s lucid interaction with B is:

Every event initiated by B has a post-condition that A understands why B initiated the event given the
pre-condition, and moreover understand what the event means. Note that pre-conditions are constraints
on the system-state and so may include notions of the interaction history.

At this point we need to draw the distinction between explainable outcomes of events and
expected outcomes of events. A lucid interaction may involve unexpected events, but the agent
needs to be able to understand and explain them. Indeed, becoming familiar with and agent may
involve some interaction which involves unexpected events. An interaction designer’s function
may be to develop systems which can support familiarisation in a lucid manner i.e. unexpected
events may occur, but they are explainable and, moreover, understandable to the user.

The following transcript extract illustrates two periods of non-lucid interaction in the ACM
digital library. The first, smaller, period occurs just after a set of search results have been
presented on a web page. Each search result has a tick box to the left of it (illustrated in the
following screenshot); ticked articles are kept for the next stage of interaction. Unfortunately the
user does not have any idea what these tick boxes do asillustrated in the following extract:

[- ACM DL search results page]
| don’t know what happens when | tick them
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Screenshot of ticked boxes with unknown purpose

Luckily she ticks the relevant articles anyway. Once al the relevant articles have been ticked a
longer non-lucid interaction occurs as the following illustrates:

[- ACM D search results page with several articles ticked]

|”ve clicked these things now and | haven’'t got a clue what |’ m neant to
do with them Hmm | don’t know what a binder is...

[> clicks and hol ds on binder |ink]

[ < browser pops up menu of possible actions — open page etc.]

..hel p...

[> rel eases nouse]

[< page is replaced with page containing list of articles selected]

..pl ease choose a binder from your bookshelf.

| don’t have a binder, and | don’t have a bookshelf as far as |’ m aware.
ErrmOK |'d better just have a quick shuft through...

[>clicks on first article in list]

[< page is replaced with abstract of first article]

..1 guess.

In this extract the user doesn’t know what to do with the articles now, and again luckily issues the
correct event. Even then the system does not appear to be ‘ speaking the user’s language’ as she
remarks that she doesn’t have a binder or bookshelf which the interface has been referring to —
the user interface has issued events which the user does not know the rationale behind, nor
understand their meaning. All in al this leads to a disconcerting and possibly off putting
interaction.
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The non-lucid interaction surrounding the binders and bookshelf is eventually resolved by the
user herself. The following extract can be seen both as an attempt to resolve the non-lucid
interaction, and also to familiarise herself with the user interface:

[- ACMDL list of selected articles]

Where would | find, I’mI’mintrigued about this bookshelf, where would I
find my bookshel f?

[> scrolls down]

[<list of selected articles scrolls down — nmy bookshel f details appear]
Ch, ny bookshel f.

[> scrolls down]

[< page scrolls to very bottom

[> scrolls up]

[< page scrolls up to show sone selected articles and some of ny
bookshel f]

Pl ease sel ect a binder from your bookshel f.

Well | can’'t be bothered right now so | ets go back.

[> clicks browser back button]

[< list of previous search results shown]

Don’t think | need that. OK

Errors are a common cause of non-lucid interactions; especialy if other agents are not aware of
the reason for or solution to the error. In these cases agents do not understand why events are
issued, nor necessarily what they mean. For example, in the following extract the user agent has
decided to return to the search page and reformulate her query (in effect a reset after a failed
search). However, on the second press of the back button the interface agent starts to behave in a
non-lucid manner — displaying an error and then returning to the search results list when reload is
clicked — not what the user agent expected.

[- ACM DL search results page — note no matches] User reset
No mat ches. Ha ha ha.

[> clicks browser back button]

[ < search page repl aces search results page]
Right OK | ets.

[> clicks browser back button]

[< error page saying docunment not found in cache User interface error
repl aces search page]

Docunents results expired in cache.
Lets try a bit of rel oading.

[> clicks browser reload button] User attempt to recover from error

K, | don’t know what that question meant. \Wat ever

it was wll

[< page of search results is displayed replacing Non-lucid interaction from user interface
error page] agent

K, | didn't want search results.

It wasn't.

| just wanted to go home again.

Finally, the common situation of being ‘lost’ in an interface also relates to our notion of lucidity.
In these situations user agents are confused about their state with relation to other agents' states
e.g. their position within a hypertext. Issuing events to user interface agents often results in
response events which are confusing to the user agent — not what they expected. In the following
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extract we see the user first stating that she is lost, and then scrolling up and down the main ACM
DL page to try and resolve her ‘lostness’ or lack of lucid interaction with the user interface agent.
Eventually the user agent appears to have resolved her non-lucid interaction — so she understands
the events the user interface agent is issuing and why — and selects the Computing Surveys to
view.

[- ACMDL list of publications]

K, so | don't know where we are.

[> scrolls up]

[< top of page cones into view

Errm ACM nagazi nes and journals table of contents.

[> scrolls down]

[< more of list cones into view]

St andard vi ew.

[> scrolls down]

[< more of list cones into view

Jour nal s.

K, so those were nmmgazines. | just spent ages printing out a nmagazi ne.
Errm theoretical conputing science.

K, that’s sonething el se.

Errm

Conput i ng Surveys.

[> clicks on conputing surveys |ink]

[ < conputing surveys table of contents replaces |ist of publications]

Interactional properties do not just occur in isolation. In the following transcript we see that the
user’s interaction becomes non-lucid due to her familiarisation with the structure of the
collection. In this case the user believes that each abstract should lead to an article, but in this
case no article is linked to. We can see an indication of the lack of lucidity in the number of
spurious events the user issues in moving about the abstract page — scrolling up and down, and
clicking on the abstract link. Eventually she assumes that the article is not relevant anyway — this
may be an example of an interactional trap. A trap is a situation in which the agent believes that
the objective is not achievable even though it is — maybe there is some reason why the article is
not linked to, or maybe there is some other way of reaching it, but the user is not aware of either
of these and so assumes that it does not exist, and moreover assumes that it is not relevant to her
objective.

[- ACMDL |list of selected articles]

[> clicks on link to abstract of an article]

[< abstract of article displayed (page replaces |ist of selected
articles)]

...whi ch one’s rel evant.

[> scrolls down]

[< bottom of abstract shown]

Oh. Looks like...

[> clicks on abstract Iink]

[< page scrolls to botton

...design, human factors, and theory...

[> clicks browser back button]

[< abstract page returns to top]

...it doesn't tell us very nuch about it at all and | can only assune it
hasn't been errmdigitised for the library which seens strange really.
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[> clicks browser back button]

[<list of selected articles replaces abstract page]
K.

Well, |I'mprepared to assunme that’s not rel evant.

Causes of Interactional Trouble in the Observation

At the causes level |F posits possible reasons for interactional trouble (in addition to drawing on
external theories). This is a crucia level for IF as it highlights problems in the interaction,
provides some possible reasons, and leads to discussion of interactional properties. This section
discusses two causes of interactional trouble that have been devel oped for IF.

Mutuality

In interaction, agents communicate events along communication channels. These events attempt
to communicate some information about the state of the agent. But issuing an event does not
necessarily mean that the recipient will receive the event let alone understand and act on it
appropriately. We draw on Clark’s notion of common ground (Clark and Brennan, 1991) and in
particular the interpretation of common ground developed by Healey and Bryan-Kinns (2000) to
develop the notion of event mutuality, or mutual understanding of events.

Mutuality

For an agent A issuing an event e intended for agent B we define five states of event mutuality which agent
B could be in with respect to the event e:

State 0: B is unaware that event e exists.

State 1: B is aware that e exists.

State 2: B recognises e as being of a particular type.
State 3: B understands the content of e.

State 4: B understands what actions are associated with e.

Before considering these states of mutuality it is worth remembering that in some cases agents
just do not issue the appropriate events. For example, in the following transcript we see that the
user has issued an event to start the download of a document (pdf). The Netscape agent issues an
event in response which basically clears the Netscape page, but does not issue events indicating
how long the download will take. In fact it takes about 30 secs to download the document —
clearly someindication of thiswould have been useful for the user.

[- ACM DL abstract of an article previously sel ected]

...about, so where's the pdf?

[> clicks on pdf Iink]

[< page cl ears, adobe acrobat starts up]

[- blank browser page]

[20 seconds]

Ch joy. | can’t renmenber how big it was now so don’'t know how I’ || know
when we’'re getting there.

[ 10 seconds]
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[- acrobat viewer within netscape showing article with thunbnails to the

| eft hand side]
Looking carefully at the interaction we can see that the digital library agent actually indicates the
size of the file to be downloaded next to the download link. This means that in the example above
the user has missed this information i.e. is at state 0 of mutuality with respect to the size of the
file. The following extract illustrates a situation which contrasts the above in that the user has
noticed the size of the file, and moreover, the digital library agent is providing events which detail
the progress of the download. In this case the user is much happier with the interaction than
before.

[- ACM DL abstract of paper]

Hym so that’s anot her 1000k.

[> clicks on pdf |ink]

[ < acrobat page appears with article only (no thunbnails)]

Ch.

But at least this one cane up quickly, that’s much nicer.

Presumabl y because it didn’t have to hang around for the errmcute errm

little finger prints things, thunbnails, or whatever they' re call ed.

[ < percentage done appears and is updat ed]

Per cent age has conme up, that’'s much nicer.

| rmuch prefer that.

[> scrolls down]

[< scrolls to end of article]

K.

That’s a vast i nprovenent.

We see a similar lack of event issuing in other parts of the library. In the following extract it is
clear that the user agent is interested in citation information for an article. The collection agent
knows this information — some of it would have been presented in the index list. However, when
the article is displayed the only citation information isimplicit as part of the article which the user
has to search for rather than being explicit presented by the user interface agent. This means that
the user has to actively issue scroll events to move the page down and bring into view the citation
information. From interviews it became clear that the user supposed that citation would be at the
bottom of the first page from prior familiarisation with the structure of articles.

[- acrobat viewer showing article]

Can’t now renmenber when it was, which conference, or which year.

[> scrolls article down]

[< article scrolls down to bottom of first page]
1994. Ah, so its actually very ol d.

State 0

If agents do issue an event, the worst case is that other agents do not even notice that the other
agent has issued an event for them. Clearly this may lead to interaction trajectories which have
low lucidity. The observation gave a striking example of such a situation as exemplified in the
following transcript. The user is searching for articles related to artificia intelligence and HCI
(the user’'s fourth objective discussed previously). She therefore enters ‘artificial intelligence
human’ into the subject search box. However, she had previously been searching for authors with
surname ‘Hollnagel’ — Hollnagdl is still in the author search box. Therefore the user interface
believes that the user wishes to search for articles containing the words ‘artificia intelligence
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human’ and written by ‘Hollnagel’ as illustrated in the follow screenshot. Needless to say no
articles are found.
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Screenshot illustrating searching for both terms and authors

[- ACM DL search page]

OK. Then so the other thing | wanted was...

[> types artificial intelligence into subject search box, correcting a
typing error part-way through typing ‘intelligence’]

[< artificial intelligence appears in subject box — note that Hollnagel is
still in author box]

...artificial intelligence, oops, intelligence, and human interaction, well
it could be human conputer interaction or human factors...

[> adds human to end of search terns]

[ < subject search is now ‘artificial intelligence human’]

...s0 lets.

Whi ch one worked | ast tinme?

| can’t even remenber which one | did last tine.

Was it full text or abstract?

Lets go for full text.

[> clicks on full text tick box]

[< full text selected]

[> clicks search]

Errm | don’t know what reviews or index terms woul d be.

[< search results page repl aces search formul ati on page (note — no

mat ches) |

No matches. G eat.

The user is nonplussed by this lack of search results — she is in mutuality state O with respect to
the author search field i.e. she has no ideathat it is being used in the search. This supposition on
our part is backed up by the user’s attempt to reformulate the search. As illustrated in the follow
excerpt, she reformulates the subject search box, but does not change the author search box:
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[- ACM DL search page]

So even on full text.

Of course, its possible, no.

What happens if | turn off the human and try agai n?

[> renpves human from subj ect search terns]

[ < subject search is now ‘artificial intelligence’ (note — author search
is still ‘Hollnagel’)]

I woul d expect to get a fair anount.

[> clicks search]

[< search results replace search formul ati on page — note no mat ches]
No mat ches. Ha ha ha.

We can characterise this as a non-lucid interaction — the agents that the user interacted with are
just not giving the responses she expected, but this is because she is unaware of some of the
information offered by the agents. In terms of interaction design, we need to try to ensure that
agents within the system aim for as high a state of mutuality as possible in order to reduce such
problems. Moreover, this example forms an interactional trap — the user now believes to some
extent that the library does not contain articles indexed by the terms *artificial intelligence’, even
though it does.

State 1l

Moving on to mutuality state 1 we encounter interactions where an agent is aware of another’s
event, but does not know what kind of event it is, nor what it means. In our study the user
encounters such a problem with the ACM DL search page. Whilst selecting various search
options (illustrated in the following extract) the user wonders what the numbers next to these
options indicate. In this case she is aware of the information but does not know its meaning. In
fact the numbers indicate how many articles are covered by particular criteria such as ‘full-text
search’ as explained textually just below the search options as illustrated in the screenshot below:

Tirairk: i Tiaial inisiliges

sl weards (Jf snp mearde ) axack phrase ) subgmct Jj axpreenen |

I Fasldsz B Tithe (50550 O Fawiasws |3,602]
O Ful-Test (405150 [ Index Tems (Z24a9)
bl obstra 12,474 {humber of artdies)

Screenshot extract showing search fields with numbers

[- ACM DL search page]

Errm actually probably |ooking through full text is probably a waste of
time...

[> clicks on full text option]

[< full text option desel ected]

...but | ooking through the abstracts m ght hel p.

[> clicks on abstract option]

[< abstract option sel ected]

Errm | don’t know what those nunbers after the things are.
Anyway, let’s try searching and...

[> clicks on search]

...See what we conme up wth.

The following transcript extract illustrates a situation in which the user has started to download a
document and then switched to work in a different window whilst the document downloads. The

210of 35



RI DL Wor ki ng paper NBK/ AEB

user is aware that the download window (agent) issues events to indicate the current download
state (i.e. percentage done so far). However, as she is working in a different window which
obscures the display of these events she only reaches level 1 — she is aware of their existence.
Therefore she has to switch to the background window to check whether the paper has finished
downloading. In the following extract the user switches to the background window to check
whether the article has downloaded. Note that she is still unsure whether it has fully downloaded
and so has to scroll to the very end to be sure. In the end she has ascertained that the document
has fully downloaded and that she feels that she should print it out (state 4).

[- I DEAL page of article]

What do | have running in the background?

[> clicks on 2" wi ndow]

[< 2" wi ndow comes to front to obscure 1°5]

[< ACMDL article fromDI'S — gui di ng peopl €]

That paper and | haven't printed it out yet.

[> scrolls down]

[ < second page cones into view

Let’s just check it’s got to the end now.

[> drags scroll bar to end]

[< end of paper cones into view

Yep.

So let’s just print that one.

State 2

One of the main problems found with the digital libraries visited was the difficulty of ascertaining
whether articles are relevant from a short description or abstract, i.e. without viewing the
document itself. In terms of mutuality, this indicates that the user reaches level 2 with respect to
the events pertaining to the article — she knows that it exists, and what kind of document it is —
but she does not fully understand the content. In our studies we found that this leads to many
blind alleys as the user had to proceed for some time in the trajectory then reset and start again.

In IF we define a blind aley as an interaction in which an agent proceeds for some time before
realising that they are not progressing towards their objective. They must then return to a previous
point in the interaction by resetting (backtracking). This notion of resetting to a previous state is
unrealistic. For a start, a user agent would never be able to return to a previous state as we cannot
(presently at least) return our brains to a previous state. Even with computer based agents
resetting may not produce an identical state to before e.g. navigating using a web browser and
then resetting to a previous page using the back button tends to bring up the previous page, but
with links of pages that we have since visited represented in different ways to before e.g. using
different colours. A more useful definition of resettingis.

For an agent A, resetting to system state z actually involves progressing to system state y which is
sufficiently similar to system state z for the resetting agent.

The ACM Digital Library is typically structured hierarchically as below. In the figure __

indicates a one to many hierarchical relationship between the item above and the ones below,
whereas | indicates a one to one relationship. There is a main index page from which different
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sections are available e.g. conferences, publications. Each of these sections then allows access to
particular series e.g. a particular conference such as ICE. From particular series pages there is
then usually access to individual publications such as the proceedings for a specific year or a
particular journal issue. And then finally access to particular articles of that publication (possibly
via an intermediary level of the article' s abstract).

Main index page

List of conferences

.

Conference series eg. ACM ICE
Specific conferences (u;ally identified by year) e.g. ACM ICE ‘99
Articl e:bstracts e.g. abstract of an articlein ACM ICE ‘99
Artilcles eg. anaticlein ACM ICE ‘99

Importantly, such hierarchical structures are found repeatedly throughout digital libraries, not just
in the structuring of browsing access to the library, but also in structuring the search results as
below. In this case alist of search results is presented; each entry in the list gives access to the
abstract and the article — the intention of the access to the abstract appears to be to provide a
summarised form of the article.

Search results e.g. list of articles matching ‘digital library’
Article abstracts e.g. abstract of an articlein ACM DL ‘99
I
Articles eg. anarticlein ACM DL ‘99

Not only do such structural patterns repeat themselves throughout the library, but a so interaction
trajectories constrained by these patterns are evident. As we mentioned at the start of this section,
users tend to be involved in alot of blind alley interactions due to the description of entries being
insufficient.

The worst cases seem to involve the user agent traversing two levels of the library structure —
from the list of conferences, to a conference series, and then to a particular conference — as
illustrated in the following table, screenshots, and transcript. After ascertaining that the
conference is not relevant they then have to reset and look at the next conference.

List of conferences

Conference series ICAA

Specific conference Agents 99
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Conference Proceedings: by subject
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Screenshot of part of Agents’99 conference

[- ACM DL journals and conference proceedi ngs page]

| don’t know what any of these things are.

[> clicks International Conference on Autonomous Agents publication |ink]
[< International Conference on Autononous Agents page repl aces
publications |ist]

Vel l, | know what an agent is.

Agents 99.

Rel ated S| Gs.

SI GCH fi ne.

[> clicks on nost recent conference |ink]

[< Tabl e of Contents page starts to appear (sone del ay)]

Hermatic, believable enotional agents [inaudi bl e]

Eugh.

Pets with evol ving enotional intelligence.

Gosh.

It would be so nmuch easier to just sit there with a paper copy and flick
through and actual |y see.

| don’t think any of it’s particularly useful.

[> clicks browser back button]

[< details of conference page replaces content of conference page]
Errm

[> clicks browser back button]

A more frequent pattern is the need to traverse down one level of the structure to properly decide
whether the entry is relevant. This may seem a trivial amount, but the effort involved in these
extra events and reset mount up, especially when the user is presented with long lists of possibly
relevant information i.e. lists with poor discriminability. In the following table we see repeated
trajectories which involve the user agent in viewing a conference description and then resetting.
Thisinvolves not only effort on the part of the user agent, but aso on the part of the library agent
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which may have network constraints etc. to deal with. Note that in the whole of this trgjectory, no
relevant conferences were found by this method — each time the user is simply trying to ascertain
whether the conference is relevant, but has to navigate to the conference description to find out.
The transcript of the observation is to the left of the table, to the right the transcript is annotated
with the interaction - ® indicates a user agent event, ~ indicates a library agent event, and A
indicates a user agent instigated reset.

Transcript I nteraction
[- ACMDL list of conferences page]
Errm | don’t know what ...
[> clicks on ANNA publication |ink] ® ANNA
[< details of ANNA publication page replaces |ist of - ANNA

publ i cati on]
... ANNA st ands for.
Anal ysi s of neural networks applications.

ANNA 91. .

[> clicks back button] A

[<list of publications replaces details of ANNA] - conferencelist
| don’t think that’s going to be any use at all.

[> clicks on |JAL] ® 1JAL

[< IJAL details replaces list of publication] - IJAL

Al and | aw.

Errm R

[> clicks back button] A

[<list of publications replaces details of |JAL] conference list

| don’t think that’'s going to be any use either.

J

| EA.

[> clicks on | EA |ink] ® IFA
[< IEA details replace list of publication] - IFA
I ndustrial and Engi neering Applications of Al and Expert

syst ens.

Seens to be anot her ...

[> clicks back button]

[<list of publication replaces details of |EA]
...dead conference.

>

conference list

J

[> clicks on | CMB |ink] ®ICMS
[< ICV5 details replaces |ist of publications] - ICMS
| CVB.

Met hodol ogi es for intelligence systens.

| CVB ' 86.

Wow.

>

[> clicks browser back button]

[<list of publications replaces details of |Cwv5]
This is a reaaaaly...

[> clicks on Know edge di scovery conference |ink] ®KDD
[< Conference of Know edge Di scovery in Data details - KDD
repl aces |list of publications]
...unhel pful way of listing things.

conference list

J

[> clicks browser back button] A

[<list of publication replaces CKDD details page] - conference list
(0@

So that was a conference on know edge di scovery.

HCI .

What's AVI?
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| don't know.

[> clicks on AVI i nk] ®AVI
[< details of AVI conference replaces |list of publications] - AVI
AVl ' 94.

Advanced Vi sual Interfaces.
Hmm That’'s not rel evant.

We can see similar trgjectory patterns when trying to decide whether articles are relevant. Again
the user agent traverses one or two levels of the collection structure in order to determine
relevance. In the case of articlesthisis from the list of articles (either a search resultslist, or alist
of articles in some publication) to the abstract, and maybe even the article itself before its
relevance is ascertained. The design implications for these situations seem to be that designers
should try to raise the mutuality state as soon as possible, so that the user agent does not need to
be involved in extended trajectories which may be fruitless. Of course, users need to be able to
ascertain whether articles, conferences, etc. are relevant, but in the examples given here they are
becoming involved in inefficient interactions to discover whether they are relevant.

In fact the above examples show not only the problems caused by low levels of mutuality, but
aso non-lucid interactions. The following extract highlights a particular instance of repeated lack
of lucidity for shorter trajectories than those discussed in previous sections. In this case (repeated
in several other parts of the interaction) the user has navigated a couple of levels down the
hierarchy of the digital library’s structure — from the list of conferences, to a particular conference
(ICE in this case) and then to a particular conference of that series (illustrated in the following
figure) — and then wants to return to the list of conferences to browse to other conferences. Aswe
have seen, this pattern is repeated severa times within the conferences collection as well as in
similar waysin other parts of the digital library. The aspect we focus on here is that when the user
resets the interaction with the digital library agent (i.e. goes back to the list of conferences page)
by pressing the back button twice on the browser, the list of conferences page is scrolled to a
different position than she left it. For the user this causes annoyance (see transcript) and extra
effort as the conference list has to be scrolled down to locate the previous location (assuming the
user can remember where that was). In terms of our definition of resetting it means that the user
agent has to expend more effort than is desirable in resetting the system state to a situation she
regards as suitable.

[- ACMDL ICE contents of conference page]

Cost benefit trade-off says this isn't the place to be.

[> clicks browser back button]

[< ICE details page replaces contents of conference page]

oK.

[> clicks browser back button]

[<list of publications replaces |ICE detail s]

So, there’'s nothing new on digital libraries that | don’t already know

about .

Aggh, it keeps on com ng back to the begi nni ng

[> scrolls down]
[< two nore pages of publication list scroll into view
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As illustrated in the table below it is clear that to reset to the user’s desired previous state (the
conference list before she viewed the contents of a particular conference) requires two mouse
clicks and then some more (scrolling) events to locate the appropriate part of the page. Some
more efficient form of resetting would be useful in this case, and the many other similar cases
seen in the observation. In terms of redesign this affects not only the design of the digital library
(how the user gets back to the list of conferences page), but also the browser itself (how the back
button works in terms of scrolling the page).

In terms of the ACM DL the reset problem is due to the browser and the manner in which the
pages of the digital library are served. In this case the pages are served dynamically which means
that the browser does not keep track of the page when other pages have been loaded resulting in
the fact that when the page is reloaded it is reloaded from the server and the previous scroll
position is not used as it may no longer be appropriate. Why the browser does not keep a cached
copy of the page and then reload it when the page is moved back to is anybody’s guess, but it
does provide us with food for thought when implementing the interaction.

Event | User Agent Event Netscape Agent Event Per ceived
purpose
el Click on conferences link Navigate to
e2 Displays list of conferences page with ICE
ANNA towards top conference
€3 Scroll down twice
e4 View of conferences page scrolled to
show | CE conference at top
e5 Click on ICE conference link
6 Display details of ICE conference
with links to particular conferences
e’ Click on ICE 99 link Navigate to
e8 Details of ICE 99 displayed ICE 99
€9 Click on back button Reset
el0 Display details of ICE conference

with links to particular conferences

ell Click on back button

el2 Displays list of conferences page with
ANNA towardstop

el3 Scroll down twice

eld View of conferences page scrolled to
show | CE conference at top

So, the interaction trajectory in thiscaseis

28 of 35



RI DL Wor ki ng paper NBK/ AEB

el, €2, €3, e4, €5, €6, €7, €8, €9, €10, el1, el2, €13, €14

M eeting the sub-objective of finding the ICE conferenceisel, €2, €3, e4, €5, €6

Then meeting the sub-objective of investigating the | CE conference through a particular instance
ise7, e8

Reset (i.e. returning to the list of conferences) consists of €9, €10, el1, €12, el3, el4

These trgjectories are illustrated in the following table. The first column details the page of the
ACM DL and the use of links by the user (indicated by a [). Next to these are the events used to
navigate to a particular instance of the ACM ICE ' 99 (events to move to a new page indicated by

7). Finally the events needed to reset the interaction are shown (events to move back indicated by
- ) — note the number needed.

ACM DL page Navigateto | CE 99 Reset
List of conferences el, e2, €3, e4 el2, el3, el4
| e5 ell-
ACM ICE €6 el0
| e’ €9-
ACM ICE ‘99 e8

A similar pattern of tragjectories occurs when the user tries to navigate between siblings of page —
the user must navigate via the parent page and so moves up and down levels in a pattern similar
to those discussed before, but for a different reason. Our redesign might include consideration of
how to move between articles directly — rather than having to go via the list of articles. For
example, to move between articles in a journal, or to move between different issues of ajournal,
the user must navigate via the super ordinate list. This makes the trgjectory longer than may be
necessary and causes the user aggravation. In the following transcript we see the frustration of the
user having to issue these extra events, and the extra events themselves, in navigating via the list.
In this case she is moving from one issue of Computing Surveys to the next and so have to go via
the Computing Surveys main index page.

[- ACM DL content of an issue of conputing surveys]

[> scrolls down]

[< bottom of contents comes into view

Now | can’t just even browse through the previous year...

[> clicks browser back button]

[<list of conmputing surveys page replaces content of issue page]

[>click on link to a previous conputing surveys]

[< page of contents of a previous conmputing survey replaces |ist of

sur veys]
...Wi thout goi ng back there.

State 3

So, we may know what kind of thing an event pertains to, but then we need to understand its
content. Thisiswhat we mean by mutuality state 3 — that the agent understands the content of the
event. The following extract illustrates a move from state 2, to state 3, and finaly state 4
(discussed later) of mutuality. In this example the user has been looking through a list of search
results. She comes across an article in this list entitled ‘2000 AD’ which she thinks might be
relevant. At this stage she knows little about the event and we can regard her asbeing at level 2 —
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she knows that it exists and that it is an article. By clicking on the abstract link she gets a better
picture of what the article is about (to do with dates) and so sheis at level 3 — she believes that
she understands the content of the event. Finaly she decides what actions are appropriately
associated with it (to reject it as not relevant) — state 4 - and so resets to the search list.

Transcript State
[- ACM DL search results page]
2000 AD | wonder what that m ght be... 2

[> clicks on 2000 AD abstract |ink]

[< abstract of article displayed replacing search results page]
...its given nme an abstract errm..

[> scrolls down]

[< bottom of abstract displayed]

...oh it’s to do with dates, 3
no that’s not rel evant 4
[> clicks browser back button]

State 4

Of course, interaction would be very difficult if state 4 was never reached, or was difficult to
reach as we have discussed previously. The observation showed many times at which state 4 was
more easily reached asillustrated in the following extracts.

First off, the following extract comes after the user has entered ‘calendar diaries as the search
term. It shows that in the list of results returned by this search contains an entry which the user is
aware of. That is she has state 4 about the article and so knows that she can skip it as she has
previously obtained and read it.

[- ACM DL search page]

[> click search]

[< search results page shown]

Ah ok.

Devel opi ng cal endar visualisers for the information visualiser.
Errm

The diary study, well, | happen to know what that work is.

A more interesting example is highlighted in the following transcript. In this example the user
notices an article in the list of search results which is relevant to a colleague (P). She then
proceeds to view the pdf and finally saveit to print out for P (not illustrated in this extract). Again
this shows that she has reached state 4 about the entry — she understands the content from the
abstract and knows what to do with it in the situation — save it and send to her colleague.

[- ACM DL abstract of article page]

This is probably rel evant ...

[> scrolls down]

[< bottom of abstract comes into view]

[> scrolls up]

[< top of abstract page comes into view

...to P.
[> clicks on pdf Iink]

Interestingly this example aso illustrates the property of serendipity which is a function of the
state potential. Here the digital library agent communicates the state potential (i.e. possible
events) in such a way that she can identify the events pertaining to this article (clicking on the
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abstract, article, and pdf links) as leading to an implicit objective which may be to note interesting
material for colleagues. An important aspect of designing digital library agentsis that they should
be able to convey information to meet such implicit objectives without seeming to present
completely irrelevant information.

Discriminability
At the simplest level, discriminability is the ability for an agent A to usefully (in terms of their

objective) distinguish between potential interactions with agent B. As we are concerned with
agents that attempt to meet objectives, this can be more rigorously defined as.

Discriminability

The ease with which an agent A can identify the event potential of interaction with agent B from the
state potential of agent B.

And additionally, whether A can distinguish between the salient events in the event potential.

A simple observation that falls out of this definition is that the larger the state, or event potential
are, the harder it will be for an agent to discriminate between the events and form a useful plan of
which event to follow for the next step of their trgjectory. In order to understand what makes
events more or less salient we could employ other theories. For example, using theories of
perception can help us to understand how user agents perceive possible events, and why some
presentations of possible events are more discriminable than others.

As discussed previously, we consider a digita library to be at least two agents: the user interface
and the collection(s). Therefore in this example we can consider the discriminability of user
interface options as well as contents of a collection. Discriminability is closely related to
mutuality — the possible events in the state potential set need to be communicated in such a way
that other agents can discriminate between them i.e. they need to have at least mutuality state 2
whereby they can be distinguished in terms of type. Therefore discriminability is about the
mutuality for a set of possible events — are we able to understand enough about the possible
events to work out whether they are relevant or not.

In the long example given above in which the user is constantly moving between the lists of
articles, for example, and the abstracts, we observe poor discriminability between the potentia
events. The user is made to do more work because of this poor discriminability — moving between
the list and the abstracts. The most obvious form of the lack of discriminability is a situation
where there are two possible events which appear identical - as opposed to the previous example
in which events do appear different, but the user agent can not work out their difference just by
the event itself. In the following extract the user is working through alist of search results. As she
scrolls down she notices that one of the entries is listed twice. This is poor discriminability for
those two entries — maybe they are not the same, maybe they are, the key is that the user is unable
to tell the difference from the information communicated to them.
[- NZDL HCI bib search results page]

OK. Know about that one.
Cogni tive research.
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[> scrolls down]

[< more search results come in to view
Eugh.

[ pause]

It errm

[> scrolls down]

[< more search results come in to view
It appears to be here tw ce.

Good discriminability means that agents can determine the differences between potential events,
and to criteria they have in order to meet their objectives. In the following extract the user agent
performs a search for the author Rasmussen. The library returns a list of authors, none of whom
are the particular Rasmussen she was looking for (Jens Rasmussen). She ascertains this without
having to view the abstracts, or enter into any other interaction other than scrolling. Therefore we
regard this set of events as providing good discriminability when the objective is to find articles
by a particular author — maybe the same events would provide poor discriminability for other
objectives such as those discussed previously.

[- ACM DL search formul ati on page]

Let's, let’s go the other way and...

[> enters an author in the author search box]

...just look for one or two authors.

Let’s search for sonething by Rasnmussen or Hol | nagel | think.
[> clicks search button]

[<list of search results shown in page replacing search page]
Right, err, um who the Rasnussen.

Lars, oh there's |ots of Rasnmussens.

Errm | don’t think | want VLSI or random sed | oad bal anci ng.
[> scrolls dowmn a bit]

[< next search result cones in to view

A.P. B.A ha ha ha

Al right.

[> scrolls down]

[ < page scrolls down to end]

There are lots of Rasmussens in the world and none of themis the one I
was | ooking for. Errm..

[> clicks browser back button]

[< search page replaces list of results page]

...do | want, | wanted Jens Rasnussen.

[> starts editing author search box]

Furthermore, we can use the idea of discriminability to give us some idea about user agent’s
discrimination abilities — that is, how large a state potential a user feels happy with, or that they
feel they could discriminate between the possible events of. For instance, on receiving 16 results
the user felt that it was not too bad, whereas being presented with more than 50 seemed to be a
problem — we might postulate that this was because the user felt swamped by the state potential
and concerned about whether she would be able to successfully identify the event potential within
it.
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System Configuration

Problems with interaction not only come from trajectories and events, but aso from the basic
configuration of agents. As mentioned earlier, for the purposes of this analysis we viewed the
interacting system as being composed of three agents illustrated in the following diagram: the
user, the library interface, and the library collection.

lidwary - Lty
R 1 TP cofleciion

I nteraction system — user, interface, collection

In analysing the interaction we find that there is a need for an ‘organisational’ agent — one which
takes responsibility for organising search results. In the observation we found that the user took
responsibility for organising relevant articles simply by printing them and producing a physical
collection of relevant articles. However, libraries such as the ACM digita library provide
organisational agents (referred to in the case of ACM as bookshelves) which the user in question
did not use. There may be many reasons for this including their lack of awareness of the
bookshelf (as discussed previously in terms of interactional lucidity). A more fundamental reason
for this may be that each library provides an independent organisational agent meaning that
relevant articles would be spread across different agents asillustrated in the following diagram

AL

Libvrmiy g Llrvouy
[nlerfaoe polleciiond

{

arrgHragaTiom

falp e TR R e B

18
cuber
-h-"i- Ubrary g Ly

iR corfleptiong
ORI LA
LNES N
lilngury s E
Pl o ol et e

I nteraction system — organisation and different collections

Organising articles by printing them out brings its own problems as illustrated in the following
transcript — the user no longer knows what articles she has collected, nor which ones will be
printed. A related problem is that once printed the user may have difficulty relating the articles
back to their originating collectionsif necessary e.g. to find citation information.
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[- ACM DL wi ndow showi ng ont ol ogy paper]

(0 @

So | don’t know how | will know if |’ve got everything |I’ve printed out.
Because |'’mlosing track of it conpletely.

But | think that’s been sent and not needed anynore.

One possible design solution would be to develop a separate organising agent as illustrated in the
following diagram. This would allow the user to organise articles from various libraries whilst
maintaining links to the originating collections. One could argue that a typical filing system could
meet this requirement, but such filing systems typically provide poor information about the
content of documents and their origins.

Il

Lidrames - [ifsrmry
lnferface collecliony

{

orgirgallen:

Arjpag T

P

Mol

Lidrrouey — [y
il corllactiomg

I nteraction system — design to include organisation agent

Conclusions

In terms of interaction, our study led us to severa interaction design considerations. These
stemmed from more detailed understandings of what searching and browsing involves: in
particular, not only supporting familiarisation, but also support for extended interaction over time.
We adso suggested that interactions should have high event potentia as well as good
discriminability between potentia events within the interaction. Future work needs to develop our
understandings of what searching and browsing are, and how these understandings relate to
strategies people employ when using information resources.
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