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Abstract Epic is an image retrieval system that im-
plements a novel spatial-querying mechanism. A user-
centred, task-oriented, comparative evaluation of Epic
was undertaken in which two versions of the system~—one
set up to enable spatial queries only, the other allowing
textual queries only—were compared. Use was made of
the two systems by design professionals in simulated work
task situations, and quantitative and qualitative data col-
lected as indicators of the levels of users’ satisfaction. Re-
sults demonstrated that users often had a ‘mental image’
of a potentially satisfying picture in mind, that they were
happy to express this need in visual terms, and that in
doing so they preferred to have access to Epic’s spatial-
querying facility. Success in obtaining statistically signif-
icant results appears to support validation of the novel
methodological framework adopted.

1 Introduction

Awaiting the development of innovative techniques for
image retrieval [9] [13] [15] are myriad applications in
commercial environments. Spurred by the needs of this
market, the quality and quantity of research undertaken
in image retrieval is growing, drawing interest from re-
search groups traditionally associated with a variety of
related fields in the information sciences. Two matters
of consensus in this community are:

o that effective retrieval of images is currently cru-
cially dependent on the representative indexing
of those images by content-based metadata (i.e.,
‘high-level’, semantic features) [14}; but

e that the facilities provided for searchers of image
databases to formulate queries should allow appro-
priate advantage to be taken of the necessarily vi-
sual (rather than textual) nature of the stored ob-
jects 1] [27].
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A common assumption underlying the latter view is that
some form of visual or spatial querying mechanism, invit-
ing users to compose query-images rather than to specify
query-terms, might reflect more accurately the operation
of certain human cognitive processes. Few of the descrip-
tions of experimental and operational systems that have
appeared in the literature, however, have been accompa-
nied by detailed evaluative studies of those systems.

We have been working on the design, development
and implementation of a system called Epic, whose func-
tion is to assist users in the retrieval of photographic
images from large collections, and which implements a
novel spatial-querying mechanism [23] [24] [25]. We have
latterly been concerned to test one or two assumptions
that we had made in the design of the Epic interface:

o that searchers often have a reasonably well-defined
‘mental image’ of a picture that might satisfy their
visual information need;

e that searchers are able to represent such a ‘men-
tal image’ by drawing and labelling rectangles on a
rudimentary electronic sketchpad; and

e that the provision of a facility allowing the spec-
ification of spatial queries in this way helps users
to improve their searches, and thus to satisfy their
information needs more effectively, efficiently and
easily.

In pursuit of evidence to confirm or deny the validity
of these assumptions, we have conducted an evaluative
study [22] in which we compared two pared-down versions
of the full Epic system: one stripped of its facilities for
formulating textual queries (i.e., allowing spatial queries
only), and another stripped of its facilities for formulating
queries using spatial features (representative, therefore,
of those systems that employ standard, keyword-based
query-formulation mechanisms alone). Formally, our
one-tailed experimental hypothesis was that the spatial-
query system would be more acceptable or satisfying to
the user than its more conventional counterpart, in any
of several, varied respects. This primary hypothesis may
be decomposed into a number of ‘sub-hypotheses’, each
corresponding to one of the assumptions stated above,
in accordance with the procedures suggested by ‘Evalua-
tion Light’—a set of loose guidelines developed by Harper
and Hendry expressly to enable the efficient assessment
of experimental interactive systems [18].



In this paper, we provide:

¢ in Section 2, an account of our motivations for an
evaluative study, indicating the importance of eval-
uative studies to IR research, clarifying some of the
terminology we will be using, and considering one
aspect, highly relevant in the present context, of
the ‘paradigm shift’ from a ‘system orientation’ to
a ‘user orientation’ that is often identified as having
recently occurred in the IR field [28];

» in Section 3, an overview of the salient features of
the Epic system;

e in Section 4, a description of the methodology we
used in our evaluation of Epic;

e in Section 5, a review of our experimental results;
and

e in Section 6, a set of concluding remarks that we
hope will be helpful not just for developers of im-
age retrieval systems, but also for those concerned
more broadly with issues relating to the evaluation
of retrieval systems in general.

2 Evaluation in IR

The activity of evaluation has long been recognised as a
crucially significant element of the process through which
information retrieval systems reach implementation in a
real-world, operational setting [16] [20] [30] [32]). Evalu-
ative studies are concerned with assessment of the qual-
ity of a system’s performance of its function, with re-
spect (made explicit to a varying degree) to the needs
of its users within a particular context or situation. The
direction of such studies is commonly determined, and
thus implicitly validated, by the adoption of some kind of
structured methodology, or ‘evaluative framework’. This
serves to guide the researcher in decisions as to what cri-
teria, measures, and methods of data collection and anal-
ysis to use, in what kind of experimental setting—and
also to remind them of the importance of establishing
a rigorous definition of the function of the system [11].
This definition will typically be couched in terms of the
assistance or support the system provides to the human
user in their performance of some task—some activity
that a person engages in, in order to attain a particular
desirable goal or change in some state of affairs.

The traditional framework for evaluative studies of
information retrieval systems derives from the Cranfield
projects in the early 1960s [6], and survives in the large-
scale experiments undertaken annually under the aus-
pices of TREC (see, for example, Harman & Voorhees
{17]). Some essential characteristics of this framework
are as follows:

e it assumes a low level of interactivity between the
retrieval mechanism (or indeed the stored informa-
tion) and the user;

e it controls environment variables through the use of
experimental test collections and pre-defined queries;

o it establishes retrieval effectiveness as the primary
criterion or dimension of performance; and

e it defines effectiveness with respect to the relevance
of retrieved documents to requests, and establishes
recall and precision as quantitative measures in this
dimension.

On many occasions, and with increasing frequency
over the past twenty years (see, for example, Hersh {19]),
arguments in opposition to this framework have been re-
hearsed in terms similar to the following:

e in real-world retrieval systems, and especially in
multimedia systems,- the user maintains a high
level of continuous control over the initiation, di-
rection and termination of successive stages of the
information-seeking process;

e real-world systems may be meaningfully evaluated
only in real-world settings, where the researcher
may observe the behaviour of real users, seeking to
undertake real tasks through interaction with sys-
tems designed to provide appropriate support for
those very undertakings,

e since recall and precision scores are quantitative
indicators only of one dimension of system per-
formance, reliance on these measures results in
ignorance of other dimensions of system perfor-
mance that are worthy, at the very least, of equal
consideration—criteria such as efficiency, usability
and acceptability (or level of user satisfaction); and

o once system effectiveness is defined more broadly,
not merely as a simple function of the relevance of
documents to requests, but as a criterion for as-
sessing the whole outcome of a system’s provision
of assistance in the user’s performance {or resolu-
tion) of some context-situated task (or problem),
then it should be clear that recall and precision are
themselves not even satisfactorily indicative of ef-
fectiveness.

The force of such arguments is reflected in the ongo-
ing efforts of those involved in the ‘interactive track’ of
the TREC experiments [2] or in the EC Working Group
on the evaluation of Multimedia Information Retrieval
Applications (‘Mira’) [8] [10], or those whose expertise
ranges sufficiently widely to make explicit the applicabil-
ity of related work in the cognate disciplines of natural
language processing {12] and human-computer interac-
tion [7]. Nevertheless, despite the frequency with which
such arguments are stated, a standardised framework for
the evaluation of interactive, multimedia retrieval sys-
tems comparable to that established by the Cranfield
projects for batch-mode, text retrieval systems has yet
to become widely accepted.

A review of published accounts of recent experiments
(see, for example, [3] [4] [21] [33]), however, would seem
to indicate that a consensus view of the essential elements
of such a framework is currently evolving. Consideration
of these studies demonstrates a common concern with

¢ meaningful evaluation of the whole range of a user’s
interaction with systems that allow them to main-
tain a high level of control over the direction of that
interaction;

e the observation of the behaviour of ‘real’ users en-
gaged in the performance of ‘real-life’ tasks (or, at
least, accurate simulations of such tasks);

o performance criteria other than relevance-based ef-
fectiveness; and

e methods for the acquisition and analysis of data,
often qualitative in nature, that may be used in
the calculation of values for non-traditional perfor-
mance measures.
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Our study of the Epic image retrieval system shares these
concerns.

3 The Epic system

The Epic image retrieval system [23] is just one of the ap-
plications that we have created using FLAIR, (a Flexible
Architecture for IR) [26], a development of ECLAIR (an
Extensible Class Library for IR), which we in turn im-
plemented using ObjectStore (an object-oriented DBMS)
and C++. One of the benefits of using FLAIR for
the development of new IR applications is the facility
it provides for the seamless integration of DBMS and
IR functionality in a single system, enabling both exact
(attribute-specific) and inexact (free-text) retrieval.

The interface to Epic (see Figure 1) was created using
Java. Notable elements of the Epic interface include

e a multi-modal query-formulation mechanism, al-
lowing

1. the composition of a spatial (or visual) query
by the drawing and labelling of rectangles on
a sketchpad, in order to represent the rela-
tive positions and names of the objects desired
within any retrieved image,

2. the construction of a free-text query made up
of keywords,

3. the specification of a field- or attribute-specific
query involving the selection of the desired
field-name, and

4. an indication of the level of confidence (on a
0-1 scale) that the user has in each element
{(spatial, free-text, attribute-specific) of their
composite query; and

e a bi-modal visuelisation mechanism for the display
of members of the retrieval set, allowing users both

1. to view thumbnail images, ranked in order of
potential relevance, of a set of retrieved docu-
ments, together with the contents of descrip-
tive indexing fields, and

2. to view a full-size image of a single selected
document together with any brochure text as-
sociated with it.

The highlight of the Epic retrieval mechanism consists
in its use of Dempster-Shafer theory [29] at the query-
document matching stage, in modelling searchers’ vari-
able levels of uncertainty in the separate elements (spa-
tial, free-text, attribute-specific) of composite queries,
and in combining multiple sources of evidence, i.e. the
multiple query—document similarity scores derived from
analysis of those separate elements. The operation of this
mechanism is the subject of a companion paper [25] and
technical report [24], and is not considered further here.

One problem for prospective evaluative studies of
multimedia IR systems is the lack of a standard mul-
timedia test collection. In the absence of an appropriate
alternative, we created our own database of 800 pho-
tographs drawn from the archive of the National Trust
for Scotland. The main themes of the photographs in
this collection are: exteriors of castles and other grand
buildings; the grounds of such buildings (with gardens,
lakes, ornaments, etc.); and skyscapes, seascapes and
landscapes. Each field of each record in the database
contains either:

a digitised photographic image;

e descriptive indexing data, such as the name of the
photographer, the name of the property depicted or
the date on which the photograph was taken—all
recorded manually by the archivist at the time of
the photograph’s original storage;

o topical indexing data, in the form of keywords
or captions describing the content of the image—
assigned manually by a qualified information scien-
tist at the time of the creation of the test collection;

e the text of a brochure about the property depicted
in the image; or '

e spatial features. Each spatial feature takes the
form of an ordered pair, comsisting of (i) a la-
bel representing an object depicted in the image,
and (ii) positional coordinates specifying the loca-
tion within the image of that object. These spa-
tial features were derived semi-automatically by
computer-science research students making use of
dedicated spatial-indexing software.

4 Experimental methodology

In our evaluative study, we made use of a within-subjects
(repeated-measures) experimental design. The indepen-
dent variable was system type; each member of a single
set of subjects was required to interact on separate oc-
casions with systems of two types; two separate sets of
values of a variety of dependent variables indicative of
acceptability or user satisfaction were to be determined
through the administration of questionnaires to each sub-
ject. One of the two systems that each subject made use
of was a version of Epic allowing spatial queries only,
henceforth referred to as ‘System A’. ‘System B’ was a
version of Epic allowing textual queries only. Our exper-
imental hypothesis was that System A would prove to be
more acceptable or satisfying to the user than System B.

We recruited 8 people who agreed to participate in
our study as system users, i.e. as the subjects of the ex-
periment. Since we had in mind that the members of
this population would be making use of such systems in
pursuit of tasks that would be germane to certain types
of professional work, selection was conducted on the ba-
sis of our knowledge of the characteristics of members
of the local professional community; individuals were ap-
proached, and recruited if agreeable. 5 subjects were
employed in the art school of our University, 3 in that
University’s central printing service: all were graphic de-
sign professionals. Responses to a pre-search question-
naire indicated that our subjects could be assumed to
have a good understanding of the design task we were
to set them, but a more limited knowledge or experience
of the search process. We could also safely assume that
our subjects had no prior knowledge of the experimental
systems that they would be asked to use.

We met one subject at a time, each on a separate
occasion. For each subject, our procedure was as follows:

e an introductory orientation session;
e a pre-search questionnaire;

e a training session on the first system with which
the subject was to interact;

o a hand-out of written instructions for the first task;
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Figure 1: EPIC interface

e asearch session in which the subject interacted with
the first system in pursuit of the first task;

* a post-search questionnaire;
e a training session on the second system;
e a hand-out of instructions for the second task;

e a search session on the second system in pursuit of
the second task;

® a post-search questionnaire; and
e a final questionnaire.

‘We were concerned that our subjects should be placed
in a simulated work task situation [3] in which their in-
formation needs would evolve, in just the same dynamic
manner as such needs might be observed to do so in sub-
jects’ real working lives. To this end, we had already
carried out interviews with a separate sample of graphic
design professionals, and (given the subject matter of our
test database) reviewed the form and content of typical
Tourist Board publications, with a view to establishing
an appropriate task specification. The result of these
preliminary investigations was the simulation, in our ex-
periments, of a work task situation that defined for our
subjects the context in which their tasks were to be per-
formed, the source of their information needs, and the
use to which the outcomes of their tasks were to be put.

In the written instructions that we gave to each sub-
ject, we asked them to imagine that they were a freelance
designer, with responsibility for the design of leaflets on
various subjects for the Scottish Tourist Board. We sup-
plied them with a template for one of these leaflets, which
identified the locations and the varying characteristics of
3 ‘slots’ where photographs were to be inserted. (One slot
on the front page, for instance, was to be superimposed
with some title text; another was to be inlaid with smaller
images.) We told each subject to assume that their task
was to make a selection, from a large collection of im-
ages, of those 3 images that in their opinion would be
most appropriate for filling the slots in a leaflet covering

a particular theme. Subjects were asked to carry out this
task twice, given a different theme and using a different
system in each case; the 2 themes were ‘The scenic splen-
dour of the Scottish countryside in Spring and Summer’
and ‘The scenic splendour of the Scottish countryside in
Autumn and Winter’. In the course of each of their 2
executions of their task, then, each subject was to carry
out 3 searches, one search for each image. In the course
of any individual search, a subject was able to issue as
many separate queries as they wished.

The whole procedure was piloted on a 9th subject,
also a design professional. In deciding on the order in
which each of the 8 subjects in the study proper was
to be (i) introduced to the 2 systems, and (ii) assigned
the 2 themes, we employed a Greco-Latin square design
[31], attempting to control for the sequence effects that
might arise as a result of the learning that subjects would
acquire from one search session to the next.

5 Experimental results

5.1 Pre-search questionnaire

Before being introduced to the experimental tasks or sys-
tems, subjects were asked in a pre-search questionnaire to
choose from a list of facilities the one they would prefer
for selecting photographs from a collection. 2 respon-
dents specified ‘a keyword-based search system for spec-
ifying queries made up of search terms’, 3 specified ‘an
unordered sequence of small thumbnail images for scan-
ning or browsing through’, and 3 selected both of these.
No respondent chose ‘a classified index or catalogue for
looking up specific photographs’, or chose to specify any
other kind of mechanism in their own words.

Subjects were also asked ‘“What sort of criteria do you
use in measuring how successfully you complete a task
such as the selection of photographs for the design of a
leaflet?’. Most responses included references to features
of the content or composition of the selected images—
e.g., their relevance to the subject area. Only one re-
spondent referred to the approval of the client on whose
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[Was the fask ...7

clear unclear
simple complex
familiar unfamiliar
as the search process ...7
relaxing stresstul
interesting boring
restful tiring
easy difficult
simple complex
pleasant unpleasant
Was the refrieval set ...7 |
relevant irrelevant
important | unimportant
useful useless
appropriate | inappropriate
complete incomplete

[ Was the system ...7
efficient inefficient

satisfying frustrating
reliable unreliable
flexible rigid
useful useless
easy difficult
novel standard
fast slow
simple complex
stimulating dull
effective ineffective

Table 1: Semantic differentials

behalf the leaflet was being produced.

5.2 Post-search questionnaires

Semantic differentials Each respondent was asked
to describe various aspects of their experience of using
each system, by scoring each system on the same set of
25 7-point semantic differentials [5]. 3 of these differen-
tials focused on the task that had been set; 6 focused
on the search process that the respondent had just car-
ried out; 5 focused on the set of photographs retrieved;
and 11 focused on the system itself (see Table 1). The
result was a set of 400 scores on a scale of 1 to 7: 8
respondents scoring each of 2 systems on each of 25 dif-
ferentials. On the questionnaire form, the arrangement
of positive (e.g., ‘fast’, ‘stimulating’) and negative (e.g.,
‘slow’, ‘dull’) descriptors was randomised so that a pos-
itive assessment would be represented sometimes by a
high score (i.e., approaching 7) and sometimes by a low
one (i.e., approaching 1). At the analysis stage, scores of
the former type were reversed so that in all cases positive
assessments were represented by low scores.

In our within-subjects design, the set of 8 scores on
each differential for System A was compared with the
corresponding set of 8 scores on each differential for Sys-
tem B. Our one-tailed experimental hypothesis was that,
in any individual case, the set of scores for System A
(enabling spatial queries) was drawn from a population
of lower (better) scores than that for System B. Given
the ordinal scale of the data, we calculated values of
the non-parametric Wilcoxon signed-ranks statistic in or-
der to test this hypothesis. At a significance level of

p < 0.050, the results of the analysis were non-significant
in every case, and the null hypothesis could not be re-
jected. When, however, the two sets of 88 scores on those
differentials focusing on system were compared, the value
of the Wilcoxon statistic was found to be significant at a
level of p = 0.045, and the null hypothesis could be re-
jected. In other words, in one particular set of respects,
the ratings given by users to System A were found to be
significantly better than those given to System B.

The results obtained from respondents’ interpreta-
tions of the semantic differentials were also analysed with
a view to proposing a reduced set of differentials for fu-
ture use in evaluative studies of this kind. The full set
of 16 scores on every differential was compared with that
on every other differential, and values of Spearman’s rank
correlation coefficient were calculated in order to test the
one-tailed experimental hypothesis that in any of 300
(= (25 x 24)/2) cases the two sets of scores were posi-
tively correlated. In 52 cases, the correlation observed
was found to be significant at a level of p < 0.010. The
‘easy’/‘difficult’ (search process) differential alone, for in-
stance, was significantly correlated with 10 other differ-
entials. A minimal set of 7 differentials could be defined
so that each of the original set of 256 was significantly
correlated with at least one of the members of the new
set. Such a set would include ‘clear’/‘unclear’ (task), ‘in-
teresting’/‘boring’ and ‘easy’/‘difficult’ (search process),
‘appropriate’/‘inappropriate’ (retrieval set), and ‘stimu-
lating’/‘dull’, ‘reliable’/‘unreliable’ and ‘useful’/‘useless’
(system).

Likert scales Each user was invited to indicate, by
making a selection from a 5-point Likert scale [5], the
degree to which they agreed or disagreed with each of
5 statements about various aspects of their interaction
with the system. These statements were phrased in such
a way that responses would indicate the extent to which:

e the user’s original information need was well-defined
(statement: ‘I had a mental image of a photograph
that would satisfy my requirements’);

o the user was able to formulate a query precisely rep-
resentative of or coextensive with that need (‘My
query was an accurate representation of the type of
image(s) I had in mind’);

e the user was satisfied with the outcome of their
search (‘I am very happy with the image(s) I chose’);

e the user was satisfied with the level of recall at-
tained (‘I believe that I have seen all the possible
photographs that satisfy my requirement’); and

e the user was satisfied with the overall outcome of
their interaction with the system (‘I believe that
I have succeeded in my performance of the design
task’).

Each user was asked to respond to each of the first 4
of these statements 6 times (after each of the 3 searches
they carried out on each of the 2 systems), but to re-
spond to the final statement only twice (after each of
their 2 executions of the complete task). The result was
a set of 208 scores on a scale of 1 to 5 (with 1 represent-
ing the response ‘I agree completely’ and 5 representing
‘I disagree completely’): 8 respondents scoring each of 2
systems with respect to each of 13 statements. System
A scored best when respondents recorded their reactions
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to the first statement, about their pre-query ‘mental im-
age’ (24-score mean: 1.21). System B scored best when
respondents reacted to the third statement, about search
outcome (24-score mean: 1.46), and scored almost as well
on the first statement (24-score mean: 1.50).

In our within-subjects design, the set of 24 scores
for each of the first 4 statements about System A was
compared with the corresponding set of 24 scores for
each statement about System B. Values of the Wilcoxon
signed—ra.nks statistic were a.gain calculated in order to
test the one-tailed experimental hypothesis that, in any
individual case, the scores for System A (enabling spatial
queries) were lower (better). In the case of the first state-
ment (about ‘mental image’), the value of the Wilcoxon
statistic was found to be significant at a level of p =
0.030; and in the case of the second statement (about
query formulation), the value of the Wilcoxon statistic
was found to be significant at a level of p = 0.009. Addi-
tionally, when the full set of 96 scores for all of the first 4
statements about System A was compared directly with
the corresponding full set of 96 scores for System B, the
value of the Wilcoxon statistic was found to be significant
at a level of p = 0.003. In these three cases, therefore, our
conclusion was that System A indeed scored significantly
better than System B.

"Qualitative data After completing the search ses-
sion in which they made use of each system, subjects
were asked to specify which features of the system that
they liked, which that they disliked, and what features
that they would like to have seen added. General com-
ments about System B made by respondents at this stage
included those that it was ‘generally helpful’, ‘clear, con-
cise and very easy and adaptable to use’. For two of
those who used System B in their second search, the lack
of a spatial query mechanism was perceived as a bonus
(one, for example, referred to keyword specification being
‘quicker than drawing boxes’): no other general pattern
was revealed.

In contrast, respondents had uniform praise for the
query-formulation features of System A (allowing spatial
queries), extolling the virtues of ‘being able to position
objects in a graphic way, visually setting out the image
I had in my mind’s eye’. And: ‘the ability to designate
particular areas with objects’, ‘the positioning of features
(boxes)’, ‘the spatial location and name selection sys-
tem’, ‘the allocation of visualisations to positions ...and
its further potential’, ‘the way the composition can be
made ...a quicker way of searching for the correct im-
age’. Interesting features that respondents would have
liked to have seen added to System B included: ‘an abil-
ity to change the squares’ shapes to more irregular (and
specific) shapes if necessary’, ‘more specific relationships
between scale and positioning in the requested image and
the images presented’, ‘a cut-and-paste to build a new im-
age’, ‘a facility to click-and-drag selections to an area’.
When invited to add ‘any other comments’ about Sys-
tem A, all 8 respondents made highly positive remarks,
describing the system variously as: ‘pleasant’ and ‘very
easy’ to use; ‘a good idea’, ‘interesting’, ‘stimulating’ and
‘inspirational’; ‘attractive’, ‘accurate’ and ‘flexible’; and
‘more useful’ than keyword-based systems.

5.3 Final questionnaire

Once each user had completed the tasks they had been set
on both System A and System B, and the corresponding
questionnaires, a final questionnaire was administered in

which respondents were asked to compare the two sys-
tems and to specify (i) the one that ‘helped’ more in the
execution of their tasks, and (ii) the one they ‘liked’ bet-
ter.

7 of the 8 respondents decided that System A (allow-
ing spatial queries) ‘helped’ more than System B; 6 of
the 8 decided that they ‘liked’ System A better. Given
the nominal nature of this data, the sign test was used
to test the one-tailed experimental hypothesis that the
stated preferencm for System A in either case was signif-
icant. Indeed the former result was found to be Sigﬁu-
icant at a level of p = 0.035; the latter result, however,
was found to be significant only at a level of p = 0.145.

When those respondents who said System A ‘helped’
more were asked ‘Why?’, answers were given that re-
ferred occasionally to basic retrieval features—e.g., ‘I got
better photographs from it’—but primarily to query-
formulation features—e.g., ‘I could create a retrieval
query based on a picture in my mind’s eye’, ‘visualisation
+ descriptor = more powerful’, ‘greater specificity’, ‘you
can choose the composition you want’. One respondent
commented that ‘It is more intuitive, more fluid, in tune
with the way that one works with images; it becomes
more possible to interact with one’s imagination and the
system.” The single respondent who believed System B
‘helped’ more answered the question ‘Why?’ by stating
‘I found it easier, i.e. being able to type in words’.

When those respondents who ‘liked’ System A bet-
ter were asked ‘Why?’, they confirmed a shared enthu-
siasm for the query-formulation mechanism—e.g., ‘it re-
flects more accurately the way that I think about images’,
‘matched current working method’, ‘visual memory and
imagination related directly to visual requirement’. Com-
ments in favour of System B were that it involved ‘less
fiddling with boxes’, and was ‘more direct’.

Respondents were also asked to rank in order of pref-
erence, given the hypothetical opportunity to carry out
further searches, four types of system with facilities cor-
responding directly to those listed for approval in the
earlier, pre-test questionnaire: an unordered sequence
of small thumbnail images; a classified index or cata-
logue; a keyword-based search system; and a spatial-
feature-based search system. 6 of the 8 respondents
ranked spatial-feature-based systems more highly than
any other: 1 ranked keyword-based systems most highly,
and 1 ranked thumbnail sequences most highly. When
responses were scored on a scale of 1 (high rank) to 4 (low
rank), spatial-feature-based systems attained a mean
score of 1.62, keyword-based systems 2.25, thumbnail se-
quences 2.38, indexes/catalogues 3.75. These responses
stand in contrast to those obtained from the correspond-
ing question in the pre-search questionnaire (see Section
5.1), where 5 of the 8 subjects selected a keyword-based
system as their preference. In order to test the experi-
mental hypothesis that the sets of 8 post-search scores
for each system type were sampled from different pop-
ulations, we calculated the value of the non-parametric
Friedman statistic, which was found to be significant at
a level of p = 0.018. Our conclusion, therefore, was that
spatial-feature-based systems scored significantly better
than any other.

Those respondents who rated systems based on spa-
tial features most highly gave reasons which included the
following: ‘enrichment of the design process’, ‘it would fa-
cilitate the process of designing from image first, followed
by text: more natural’, ‘focus on elements of required
imagery expands imagined selective range and capacity’,
‘greater opportunity of matching initial ideas with com-
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position’, ‘I can find an appropriate image ...in a more
visually-oriented way’. The single respondent who rated
the keyword-based system most highly stated that ‘it
would be the quickest’.

6 Conclusions

Conclusions may be drawn from this study not only
about the value of the Epic system itself, but also about
the value of the methodology we used to evaluate it.

6.1 The Epic system

Chief among our findings about the Epic system are the
following:

o The statement with which users of the spatial-query
system agreed most completely was ‘I had a men-
tal image of a photograph that would satisfy my
requirements’. Users of the textual-query system
were also in general agreement with this statement.
These results appear to support our initial sub-
hypothesis: that searchers often have a reasonably
well-defined ‘mental image’ of a picture that might
satisfy their visual information need.

e Users of the spatial-query system agreed, to a sig-
nificantly greater degree than users of the textual-
query system, with the statement ‘My query was
an accurate representation of the type of image(s)
I had in mind’. This result appears to support
the second of our sub-hypotheses: that searchers
are able to represent their ‘mental image’ by draw-
ing and labelling rectangles on the rudimentary
electronic sketchpad that the spatial-query system
alone provides.

o Users rated the spatial-query system significantly
better than its more conventional counterpart in a
variety of respects:

1. When users were asked to rate each system on
each of a set of 11 semantic differential scales
indicating, for example, how ‘useful’ or ‘use-
less’, how ‘effective’ or ‘ineffective’, how ‘sat-
isfying’ or ‘frustrating’ they found it, System
A scored significantly better than System B.

2. Similarly, when users were asked to rate each
system on each of a set of 5 Likert scales in-
dicating how satisfied they were with different
aspects of their interaction with the system,
System A scored significantly better overall
than System B.

3. Again, when users were asked to specify which
of the two systems ‘helped’ them more in the
execution of their tasks, a significantly larger
number specified System A.

4. Finally, when users were asked to rank in order
of preference 4 types of system, spatial-query-
based systems scored significantly better than
any other type.

e Moreover, users were particularly enamoured with
the query-formulation features of the spatial-query
system, above any other feature of either system.
At different stages of the exercise, users were asked:

1. which features of each system they liked most;

2. why they specified one system as ‘helping’
more than the other; and

3. why they ranked a particular type of system
more highly than another.

In each case, the facility mentioned most frequently
in positive terms was Epic’s spatial querying mech-
anism. In conjunction with those presented above,
these results appear to support the third of our sub-
hypotheses: that the provision of a facility allow-
ing the specification of spatial queries helps users
to improve their searches, and thus to satisfy their
information needs more effectively, efficiently and
easily.

We believe that these results successfully demonstrate
the clear interest and value of further investigation into
the ways in which spatial querying may be developed.

8.2 The evaluative framework

In Section 2, we identified the gradual emergence of a
standardised framework for the evaluation of interac-
tive, multimedia retrieval systems, and highlighted four
methodological elements that are consistently shared by
contemporary studies of such systems. In our own prac-
tice, we have taken care both to follow the individual
guidelines established in this previous work, and to at-
tempt to embed such practice in an overall framework
that exhibits internal coherence and that is capable of
general application. In particular:

e In accordance with procedures recommended by
‘Evaluation Light’ [18], we decomposed our gen-
eral hypothesis into a set of sub-hypotheses, each
rather more limited in scope but consequently more
manageable. Necessarily, any test of a primary
hypothesis such as ours requires study of the sys-
tem as a whole. In the evaluative tradition that
emerged in the heyday of batch-mode retrieval, it
was assumed that a suitably holistic assessment
could be arrived at through successive consider-
ation of isolated episodes of interaction, such as
those bounded by the communication from user
to system of a query and the communication from
system to user of a response. With highly interac-
tive systems such as Epic, which allow the user to
maintain a high level of continuous control over the
information-seeking process, it is more difficult to
break down search sessions into neat sequences of
episodes that have equal significance for the user
(or, therefore, for the evaluator). It is still possi-
ble to evaluate the whole—but the process depends
more on the isolation of individual characteristics
of users and system, and the determination of the
degree to which particular system features reflect
users’ abilities, cater for their preferences, or satisfy
their requirements.

o We did not test out the Epic system on volunteer
computer-science undergraduates: we recruited sub-
jects from that particular professional user group
for whom our system is intended. Moreover, in
line with principles developed by Borlund and In-
gwersen [3], we placed our subjects in a simulated
work task situation whose design was based on the
results of an extensive, preliminary investigation of
the real-life work patterns of members of that user
group. We did not, for instance, merely specify
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the topic of an information need on which each of
our subjects would be required to search; neither
did we require each subject to imagine an informa-
tion need of their own; instead, we defined for our
subjects a work task situation made up of specifi-
cations of: a contert—i.e., the day-to-day work of
a graphic designer; a task—i.e., that of illustrating
a promotional leaflet; and two related themes—
i.e., general topics that might be covered by such
leaflets. The benefit of using this approach was that
we were able to observe (at a ‘macro’ level) sub-
jects’ use of system features in their performance
of context-situated tasks, rather than (at a ‘micro’
level) systems’ responses to pre-ordained queries.
Some evidence that our simulation was successful
is provided by our subjects’ post-search rating, on
a semantic differential scale, of the clarity of the
task set them. With both systems, the best (i.e.,
lowest) average score on any of the 25 differentials
was obtained when subjects were asked how ‘clear’
or ‘unclear’ the task was (8-score mean for System
A: 1.125; for System B: 1.375).

e We focused on a dimension of system performance—
acceptability, or level of user satisfaction—that is
casually ignored in some equivalent studies. Rather
than use pre-search relevance judgments to deter-
mine the effectiveness of the system’s response to
each query, we determined the general acceptability
of the system by analysing the opinions of users—
opinions that were not simply concerned with the
system’s responses to individual queries, but that
illuminated various aspects of the users’ wider inter-
action with the system in the course of performing
certain tasks.

e Qur focus on user satisfaction as a performance cri-
terion led us to make extensive use of methods of
data collection and analysis that have more hon-
ourable histories in the fields of information science
and cognitive science, amongst others. Given our
success in obtaining results that relate clearly to
each of our sub-hypotheses, we are content to echo
the conclusion drawn by Brajnik et al. [4]—one that
admittedly would not startle many outside the IR
community—that ‘the use of semantic differentials
[and] Likert scales ...has proven to be an effective
and accurate method for acquiring, validating and
analysing [subjective] data’.

The size of the sample in studies of this nature is a
detail that inevitably attracts attention. Given the fa-
miliar constraints of time and money, a small sample is
a common feature of studies that make every attempt
to observe interaction with information in real-world set-
tings. We would not deny that we would very much like
to have had the wherewithal to involve a larger number
of subjects in our experiments. Nevertheless, we would
argue that, in the present context, a small sample should
not necessarily be viewed as a fatal shortcoming. Indeed,
the very fact that we obtained results of statistical sig-
nificance despite our sample’s small size would seem only
to validate our methodological design.

In summary: we believe that, in obtaining results
both of statistical significance and of wide interest and
potential application, we have made a substantial contri-
bution to a demonstration of the validity and reliability
of our adopted methodological framework. It is clear,
nevertheless, that we have emphasised our concern with

levels of user satisfaction to the almost total exclusion
of consideration of more traditional measures of retrieval
effectiveness or efficiency. It is hoped that in our next
round of experiments we will be able to draw meaning-
fully, not only on a larger sample of subjects, but on the
contents of detailed transaction logs and video record-
ings, and to develop novel measures of effectiveness that
are appropriate to interactive multimedia retrieval.
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