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INTRODUCTION

Previous empirical studies of searcher behaviour have drawn attention to a wide
variety of factors that atfecs performance; for instance, the display of retrieved
results can alter search strategies {Allen 1991 1994), the information need type
influences search behaviour, (Elkerton et al 1984, Marchionini 1995); while the
task complexity, reflected in the information need can
behaviour (Large et al 1994). Furthermore, information source sefection (Bassilii
1977), and the user’s model of the system and domain impact on the search
process {(Michel 1994): whife maotivation (Solomon 1993, Jacobsen et al 1992)
and the importance of the information need (Wendt 1969} also influence search
duration and the effort a user will employ.

Rouse and Rouse

affect user’s search

(1984} in a review of empirical studies, summarise a wide
variety of variabies that can elfect searching behaviour. including payoff, costs
of searching, resource avai lable, amount of information sought, characteristics of
the data and conflicts between documents. [t appears that user behaviour s
inconsistent in the search strategies adopted even for the same search need and
system {Davidsen 1977, livonen 1993),

Theories of searcher behaviour have been proposed that provide explanarions
of aspects of end-user behaviour, such as the evolution of the user's mformation
need and the problems of articulating a query, [Bates (1979, 1989), Markey and
Atherton 1978] effective search strategies in browsing and goal directed
searches [Marchionini 1995, Belkin {1987, 1993)}, the linguistic problem of
matching search terms with indexing terms or content of target documents

through an expert intermediary (Ingwersen 1982) or cognitive aspects of IR
{Kulthau 1984, Ingwersen 1996}, These models offer insight into the

complexities of retrieval activity but can not predict all user behaviour for the
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variety of strategies, tactics, tasks, users and §ystem§ designs \‘Nhich_oc/.‘.u‘]r in ’tm:
fci’?"%fv:‘zii task. More detailed theories of informajuon.scar_chmg bCthlQl'J!’ld{‘f.‘
ired as a sound basis for improving the functionality zind {ISBE.)IIET}‘ ‘oi
'-,zjgz-aaflia)n retrieval systems designs by associating clements of the design with

Emii;j};ﬂ!:‘;}.irica! study reported in this paper was mo%iva\led E.)}f-'\the{deyc{opm_c‘r]f
of & cognitive model of searcher behaviour (i_inn}s and Smchf.te 1994, Esu_tchih-
25;3';‘3 5;?]:153 i998). The ultimate motivation of our \\-’Oi:k is Ec}l e\lc.nd 0%11
inderstanding of the search process i an attempt. to define thc facilities that
sheuid be provided by configurable informat%gn retr'wvai systems. ‘ .

This paper describes experimental studies of g;d—zxscrr.pez‘mrr{la.m.u.iﬁig
activities for information retrieval sessions using 1§1f: WinSPIRS lplczhm?
for MEDLINE', The paper is organised as follows: se‘ctz‘on‘z'wo dcsqzbes .1'hc
experimental design and analytic mctho.d en'lpio_\-'cd. This IS 10%[0&»’3% in ;LCII:)H{
three by performance results. This section is concluded.“\ujlth analysis 0 ,q‘m{}
"‘ru;tiun, strategies and the systems facilities used. This study.eg;u?]mcs {ha
nitive activities performed in the retrieval process. Users liﬂO!'m{ilIUﬂ.
al sessions are studied through examinations of the verbal reports of
ities performed by searchers.

h

CXPERIMENTAL METHOD

Experimental design

seventeen medical students (thirteen males and four females, agc@ be?wcen 24
and 26} who were three months away from their c.linical final .examm‘al‘mns t(?(_)k
part in the experiments. The subjects' experience in the cAiomz‘%l‘n and mf.orme:.non
reivieval system was assessed by a pre-test questionnaire. The answers given
werg used Jlo categorise subjects’ profile of domain and devicg know:ledge and t©
aiiocate individm;[s into either a group who had some experience in the use of
MEDLINE (experts) or novices. Three pilot subiects und)cr{o‘cnk thc.e)\}}erxm.cm
sefore the trials were started, to refine the medical scenarios for the information
required and to test the experimental procedure. _ '
Al subjects were given the following scarch tasks which were developed by
4 ndependent medical expert. _ _ _
f. Please use the MEDLINE database to investigate the SO€§O-&_3C021{).1‘{HC reasons
for increased failure rates on the oral contraceptive pill (Experimental rask
code QG 1), . -
Please utilise the MEDLINE database to compare caesarean sectlon:ﬂ; belng
performed in planned and emergency situations from the standpoints of:

MEDLINE is the copyright of the ULS. National Library of Medicine and SilverPlauer
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miiernal and foeta] safety, infection control
(Experimental task code (G 5,

. statistical and economic data

3 Isi 2 AT .;‘ -alyaqe i
l,s:r;g\ th:j ?»jﬂ,__DLINE,, database please assess the Importance of blood sugar
evels s ofile in the ¢ ) ial | he ma
els an %gind pzfmh. in the cause of myocardial infarction within the male
population (Experimental tusk code PHI)
4 ¢

Utilise the database to determine some
cificiency within the NHS since the
(Experimental task code PH?)
The version of the MEDLINE
MS Windows 3.11
interface. see Figure

areas of increased and decreased
introduction of formal clinical auditing

syste

: m used for the experiments runs under
running on a personal computer using the WinSPIRS
I for the query interface.

Figure . WinSPIRS search interface for MEDLINE showing a summary of
retrieved results. )

When questioned after the experiment, il
Sq:r;) ;il;\n;;:fir x‘n SIy!e a.nd 'eumplexity o ones they would normally use
MEDLINE to solve. Subjects had access 1o the tasks throughout the triaf and
were instructed that they could record information as they sgarched E’e;c;] ‘ sk
was given 1o the subject after they had reported that the precedin h‘;.k h d btas
cgmp%eted satistactorily. The subjects’ notes, physical arch strateennr
views Of. the problem to be tackled and éearéb
presentation af tasks was randomised to counteract
end of the experiment the subjects were asked to rat
each of the tasks on a five point scale,

T'o ensure a high and uniform level of device knowl

1¢ subjects confirmed that the (asks

actions, search strategies,
history were recorded, The
any learning effects. At the
e the perceived difficulty of

edge for the expert group
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il o accentuate the differences between the groups. the ten subjects with
rience using MEDLINE were given training in the use of the information
1] svstem. The system facilities and brief guidance on the production of
ries were explained in a tutorial document and a demonstration. Novices
not trained. Subjects were requested to think aloud during the experiment
their verbal protocols, with associated physical actions, were recorded on
ider and avdio tape. The subjects were advised to take their time when

4

H2y

To train the subjects to produce verbal protocels they were required to think
aloud while they performed a simpie eight puzzle. The puzzle task was ysed to
ercourage familiarity with giving verbal protocols whilst operating a computer,
‘ experimenter encouraged the subjects to verbalise at action points,
mudicating why they had performed an action. The interaction in the puzzle was
destgned to include time lags so that prompts to verbalise from the experimenter
caused minimal interruption to the subiects behaviour.

Data analysis

Performance: performance measures were calculated for each task:

= Recail: the proportion of documents marked as relevant by the subiect ar any
time during the session as a percentage of relevant records in the database as
contained in a gold standard solution set.

= Precision: the proportion of the documents marked as relevant which were

also judged 1o be relevant by an independent expert as a percentage of the

records retrieved and marked as relevant by the subject. Note that precision

was calculated from the documents the subject marked as relevant, not the
overall number retrieved during querying.

Recall performance scores were calculated as a percentage of an ideal ‘gold-
standard” solution synthesised from alf the subjects’ searches and queries created
as a colflaboration between independent domain experts and a information
reirieval specialist. Independent medical experts were asked to assess the articles
for relevance to the task scemarios. Differences between experts' document
clagsification were discussed and an agreed cluster of relevant documents was
roduced. This was performed so as to eliminate irrclevant articles from the
recall data as some subjects selected all the results of a particular query without
assessing the articles for relevance, based on the size of the resulis set and the
query posed.

p

Svstems focHities used: U s hypothesised that the use of certain systems
Facilities may assist users in obtaining betier performance. The analysis
mvestigates which were the most popular strategies and which seemed to aid

99




MARK ENNIS, A.G. SUTCLIFFE AND 5.1 WATKINSON

retrieval success.

Strategies used: 1t is hypothesised that better
effective search strategies, as reported in t}

Mazrchionini

1995). The subjects search histo
categorised to ascertain the

identify patterns in the strategies used.

Mental behaviour categorisation. Protocol
matching mental behaviours to speech segments in
Simon’s (1984) methad, Thirteen categorie

the analvsis.

characteristics.

using SQL queries. The following categories were used.

[dentify
Concept

Identity concept

relationship
Formulate
strategy

Refine strategy

Expiore
synonyms for
conecepls, terms
and their inter-
refationships

Reason about
the problem
space

Select terms

Articulation of new terms/ kevwords. ( present in the
scenario or the device) eg.

50 this wants myocardial
infarction ’

Reports of concepts/terms with appropriate linking phrases.
e.g. ... and within that...’ or *__ as 2 subset of that ...
Verbalisations of planning within the search. and the
indication of a pre-search map of activities to be performed.
This occurs if a subjects” verbal protocols indicate they are
trying to find a method of solving the problem, e.g. " how
are we going o ...,
Amend or extend the existing plan of action for their current
strategy. ‘This category is dependent on the state of the
current - strategy  changing, e.g., ‘lets extend this by
narrowing it down..” or ‘lets attack this from a different
perspective |’
Searchers report looking for lexical variations and synonyms
for terms/ concepts already in the search problem space.
Reasoning about possible terms to he used and how these
should  be  inter-related. co. - s0  that’s

e}

’ oral
contraceptive...or ... OCP.. or possibly contraceptive pill .-
the reiationships are bounded by the scope of the conegpl
being explored. Explicitly looking for variations on terms.
Subject verbalises the search option and the reasons why
they have chosen one over another. e.g. 't could atways use
NHS but that will not help me as it can mean many different
things so I'll leave that for now....’

Selection of terms for the current search. This only occurs as
an activity if the searcher chooses a term from a previous
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performers would use more
he literature (Harer et al 1983,
ries and timing data were
sirategy types emploved. This analysis tries to

transcripts were analysed by
accordance with Ericsson and
s of mental behaviour were used in
The data was entered into an Access database
This allowed the rapid comparison and identific
of mental behaviour sequences based on the use

along with user
ation: of patterns
rand task characteristics present

Revise Query

Fueouie actions

e mplement
Evaluation of
intial sysiems

Pl
LY

sate the
coment of the

resuils

nerform many retrievals beforc.r ot i
return to previous results sets if they don

i @ searcil process
Protocol categorisation rules. During the search p
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verbalisation of possible search terms. . A
The subject transtates their information need IZ'LO a q ];“.’
\ ‘ e ject produces a new
Thi ivity is observed when the subject p !
I'his activity is obser i€ oes & e
search which doesn’t incorporate aspects ()f _thc pfx. viows
£l e .
search. but does refer explicitly to composition of quer)
syntax. m. ,
e/g I inceas™ Form Query
e decreas* Form Query o
The t;ubéect produces a search which is an amc;ad}nem to ;
) : : it > us
vious query. This phase is the composition of previe
pre ¥. 1as <
queries or editing the existing query.

eg. ! inceas® Fcrm Query
2 decreas™® Form Query
3 #1 AND #2 Revise Query

Interaction with the computer to implement the search.

sente + the system is
Evaluation of search results prmultﬁfif by ﬁ:}cws; oo
” s v P ae ey Es su l: q :
i s aciivity has occurred 1f a ]
inferred. This activily o e

: r search bas
indics they are evaluating thei

ratocol ndicate that they thel o based
in {he coniext in which the verbal report is found. e.g.,

i Tor at’s 222
lets have a look at what this has found .7 or 5({ that( rc‘. .
articles .. This activity occurs also when a sea h
« P vee

removes dialogue boxes associated with a nuil sbealrch. ol
¥ actions serbal pro
it rs observed actions and verby .
Inferred from users ob fororo
i g certain their
indice have been read to as
that indicate articles o ascenain e
infi i s s may be base
i ance - information need. This may '
importance to the : e subiec
i : iewing an articie; the display ]
the time spent reviewing » . : st
has selected for the articles retrieved, moving throug,i‘i)l ©
-sul i 3 ; the subje
resulis set wsing scrolling operators and. by th:his (:ncs
i ' b . ‘.‘0 g
paraphrasing the article’s content, eg., * .8
concerning . : facte review the results’
Inferred from verbalisations as subjects rwlr,: tt%tl]t, el
' - indicate that the S
ic etriev :se reports may indica
articles retrieved. These ‘ i
expected didn’t occur and the search_sﬁ.etzld progr -
“;:r‘@rdémrlv .z, © .. just checking to see if 've got L.noumit
Tn;ormat?ogl to .. or © ..this isn’t quite what [ v»a_r%t' "
isatt > ecision t
doesn’t ..° The verbaiisations tend to precede a decis

reformulate or give up.

a searcher may

g 3 ; \Y
inspecting the results set; furthermore, thcy. ma{{
d the information they require.
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this happened it was categorised is ‘execute actions’

o alter the results et
followed by subsequent evaluation.

RESULTS

Search performance,

Recail and precision resufts of the subjects for the four tasks was poor (average
recall 13.94%) when compared to the gold standard. The gold standard queries
represented a single search without any evahuation and gave a average recall of
76.66% of all the relevant articles possible, demonstrating that 4 figh percentage
of the relevant articles could be accessed if the need was articulared cerrectly,
Expert searchers had, on average, better recall than novices, but some novices
had good recal! scores. Significant differences were found between the groups
for recalf in only one of the four tasks in which recall success was also correlated
o evaluation time (FHI p < 0.05. Mann Whitney U) w

performed experts, There is no immediaicf}f
difference on this task: but on this task ajone nrovices spent longer on a retrievaj
session than experts and time spent evaluating articles wag much higher in
novices (74%3 than experts (37%). In PHI recall was positively correlated
{Spearmans rank} to the users perception of task difficulty (p <0.003), wtal time
spent (p <0.05) and time spent evaluating (n <0.05) In PHi i appears that
searchers who were more diligent in the amount of thme spent in the retrieval
brocess, and evaluating the resuits reaped rewards in terms of improved recall,
Correlations for the other tasks were not significant. The experts had
significantly similar ranking of the tasks for recail (p < 0.01 Friedman test) in the
order of PH2, PH1, OG2, 0G1 (p <0.001 1 Page test) and novices didn’t.

hen novices out-
apparent reason for the performance

Query construction

On average expert searchers used more term alternatives (9.
users (6.6 terms) even though they have equivale
was a significant difference in the number of different terms used hy each of the
groups in the two more complex tasks (experts > novices for OG2 p = 0.05; PH2
p = 0.05 Mann-Whitmey 1), However, the total num ber of terms used by each
Lroup wis noi significantly different for alf tasks, although individuals did show
acommon ranking in the number of terms used per task (PH2, PHI, OG I, OG2,
P <0.001 for both groups), This indicates individual searche
of the tasks were simifar and they adjusted the number
articulate the search based on the task components.

The proportion of the terms used from the gold standard query was low

{expert average 22.81%, novices 15.85%) and significant inter-group differences

terms) than novice
nt domain knowledge. There

I's reactions to each
of terms needed to
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e e <005 PHIp«
were found on the public health tasks (experts > 1}{)\1;63 pH,[l P bjg}cig that wzrc
et - cever, the terms used by most subjects tha
.. Mann Whitney U). However, . . . “the total terms
red with the gold standard constituted a high proportion of the total ten

: . ). Experts expanded
ey ased (0 70%) apart from M7, H10 (67%) and L6 (6.0‘?'0). E}?}f‘lf exXpe s
o f:*i' the compenents of the original need statement in queries than novice

S o ledge of the
- dding terms from the systems thesaurus or from their km;.wlfﬁgt[ "
2% = - - _— Ton 379 A5K €lemenis
i - e o . wices 3 /% of fas
fornain (experts 60% of task elements explored, ne
domain {experts 60% of t i - ferage  experts
o ied with syronyms or refined with sub-terms). On average exp ¢
acd W / S T mer tack) the vices (average of
produced 432 more querics (average 12,73 per task) than novices (1- ‘; o
produce L Ti ber of query iterations performed and the terms used tha
S Y e ool o e / E - . .
8 %1 per task). The nun / o orrelated (OG1 p =0.05,
;
! o standard were positively correlate
s shared with the gold standard were ¢ s e
' b%mg(é]& PHI p %.-() 01, PHZ p <0.00 Spearman rank order (,()I‘]‘Q?dll;)ﬂ).
o 001, AL N or of terms searchers
iiéczm{ correlations were also found between the nun}btf of lt(; [(T)‘(f;g ‘OC" "
. s 3 <}, L NATL
d to queries and the number of query fterations (OG1 p fead
505, PHI p <0.001, PH2 p <0.03) so prolonged querying also appears to le:
e richer and more complete queries. acilities sparsely. whereas only one
Experts used the term exploration facilities sparsely, } u‘us or
RS - - . S 5 ¢ ssaurus
aovice used the facilities at all. Eighty percent of experts USL'dtmi t\“l;m o he
HOVIC 3 o Fthese Tacilifies wae aconsistent. | -
oaestion £ 1s¢ of these facilitics was i
1 suggestion facilities, but o . e e help svstem.
\ugugcg the index facilities and only one subject consultnd.thn help ‘}poér}t
S us : . I lieetst reotice ries atl some
“subiecis (14 nc 17 subjects) re-used guerie _
Hoth groups of subjects (14 out of t d i
SOl grovy ) ssion; however, experi searchers were more consistent in

the experimental s

. erators 1o sub-divide complex
Experts used Boolean and query structuring operators to sub dl:jld{_l(,- qigip]c
i § ‘hereas the /ices constructed only -
e ACHiON: nents, whereas the novices ‘
ries into functional compo ks. Txperts using ordering
. e iate across tasks. bxperts using o
ieg: atte vas conststent across tasks :
aueries; and this pattern v . sistently
: ’ - . Ay onents) do so consi: Y
: ' e Srators o group query comp _ .
echanisms (use of {) opera g _ lean *AND
o : ices consiste nly used Boolea
. $ (see : hile novices consistently o !
across tasks (see Table 1) wh ' o svitax. The query
relationships, whereas experts use more complex Boolean l5[ym¢1x]. (]23(3 a,;;;
i b T ~- - i FEn s
. - fees confir e findings of Sewell er of.

relationship use of the novices L(mim:nsitht fli g as used most commonly
Marchionini (1989) in which the "AND’ relationship was t - ‘OR"
e ' i iple parallel searches instead of using ‘€
and users submitted multiple paratie!l or the consistent Use. of
relationships. This may provide some of the reasons ml, lzg] c;)& 5 §
o o - e hy rice subjects (Table 2),
successive lerm substitution strategies by novice subjects (Ta
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E Task support facilities
‘Thesaurug term Cuery Term Order of
Suggestions Re-use exploration execution
using
operators *

Hopopop Bipg pou g
Lo opou i
L Hoo4
bopop
L AT Hlp pou g
L L H_oH R
L N T |
i PR B uls u g pnla o T
Total i i 34 26 16
Fask support faciiity
Thesaurus Term QH!'} Term Order of
Suggestions Re-use exploration execution
using nesting

operators *7 Operators )

SR
T
B g J
0 229 142 ]

Table 1: Anaiysis of systems faciiities used by searchers. The spatial distribution
reflects the task order QG1, left hand side, OG?2, PH} middle locations, PH2,
right hand side. f ghted to account for differences in

the number of subjects in the novice group

“he totals for novices are wej

Infermation sea rehing strategies

Query logs were analysed to highlight patterns in the need articu
Analysis concentrated on cycles of narrewing, broadening and successive ferm
substitution as iflustrated in table 2. A subject  was determined o
successive term substitution if the que
relating to a particular concept is sy
are submitted. A subject was determined to be using narrowing c
query history a pattern of progressive search narrow
lerms, constraints were tightened,

ation process.

be using
ries used showed a battern whereby a term
ceessively amended as subsequent queries
veles if in the
ing by using more specific
new concepts were added using Boolean
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i I fw oFY CIES WETFE ¢ liCl"Ed

;i7" clauses or Boolean relationships between query elements wegs: a{ red
) + 3 L ’ W AW ® F J B '

ng narrowing (e.g.. substituting "AND’ for NE:AR oA s.u )] : ;
. . breadening cycles if in the query history a pattern of pro

indic )
detsrmined 1o be using

Strategy types

3 iv vatuali ‘Frial and
Narrowing Broadening Suceessive Evaluation frial 4
A “'\ciu i cyele term slrategy error
cyele 3 rm
) substitutions

jt H

n

B _ -
32 I8 23 d

Strategy Lypes N
g tal an
Narrowing Broadening Successive Evaluation I'ria :
‘cv"i'ﬂ N evele term stralegy CITOY
YOO X

substitutions

n u

i

1 BOpon Hoppw # 2

i

ed 'I'(ﬁzli

Table 2: Strategy tvpes used by searchers. "E"h.e spatial d?s%r[buﬂo?n rc.fy]}etclt;;}:;
task order OGI, left hand side, OG2. PH! middle !OC&{:]PIE?, P[-"]'H,_ ”%1 nand
side. The totals for novices are weighted to acc.ount for differences in the

of subjects in the novice group

iR o S CUTTEL s ’{,”i.!al iern were !}EQLC;.‘ Canss y
g S5IVE ql}{,l Y €Xpansion occ IT mo é S £ 5 sfrasms
;‘ A peen - ‘d ety / > 5, o y B 3 R ! S5 Q Bookaa
VWL [ 4 <ot {.Lp S cre ledﬂd U‘Jillé 00]@3“ O ciduses, o1 n
wiere relaxed, new o 8 W ( .
b N g g o '&“
att 5 etwe q 5 €Nnis were a;te]ed Hldicat];l bi déﬁ.]l §|g <
cialions hlp_‘s b WEET LT e[e]“ . 4 .
\sbstituililﬁ NLI%E{ [UI ANI) ). A1 a %”QI]L-] ]e\'Ll assessments w ere “]adc as to
% f 2the - *h - [ W d S )‘;‘ ir ai dnd 2rre as i OUTINY
YIE T 4 scarcner [+ pc d or as avo &

i atterns ¢ H I
¥ - h(.. 5¢a {0 0 .

« ‘ ]. 14 - j N W b P P l E é 3y { } ue 5
vail on sudject was determun Cd to be USmb trizl and error 1 the q FETeS
oy atuan A = J W

I_](}W sysie L1 d(‘\. CHO etit .‘A\ Sul} FeR mn h€ [’dV(HJI ilg
t mn _]€C[ Wwas (k.te”] €d 1o
k] Cd llli]t S¥Siema v E p
5. d%lii on st ey I 1?165 .}}Cll great = I time on
t 2510 or ¢ er {)f t?]el tota lﬁ.ule\'a 1
Vi at 5 gies f 5 ]
N o ~ E i { o b ~ o b TVOCE d §
one E\/aludtl()ﬂ 555100, [4)1 e)\(”]%p C, IT & su JCL was to submit my ardla
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infarction and males ag a query and in the next query submit hlood glucose and
lipids then they would be determined to be using trial and error {or sub-goaling)
as there is no direct link between the Gueries,

In task OG] eight expert subjects adopted g query narrowing Strategy:

however, these subjects were not the best performers in this group. In 0OG2 and
the PH tasks most experts used a narrowing strategy. The pattern is |ess
consistent in task PH2. with only five subjects (HI, 2,78 & 9) following the
same strategy, again without much reward in terms of recall, Overall, about haif
of the expert subjects adopted a consistent search strategy across tasks, the more
consistent subjects being H1, 7 and 8. nspite of adopting this apparentfy
effective strategy these subjects did not achieve better recal]. so it appears that
although there may be an ‘expert’ he unfortunately, it js not
always successful.

Most  subjects followed  maore
conceatrated on cyeles of rATOWing and broaden ing whereas n
trial and error approach by substituting the
there were individual differences, for e
breadening. Novices made u
noticeable all the novices used evaluation strategies on the public health tasks
(PHI, PH2) and all bur one of the subjects used this approach for task (¢)
However this was pot observed in task OG2. possibly because this task promoted
a richer query representation.

The novice subjects followed more consistent pattern, however, they
showed few facets of what may be considered (o be expert behaviour. In task
0G}, complex queries are noticeably absen aithough iterative querving was
adopted by three subjects, two of whom followed

& narrowing strategy and
scored well (L6, 7). Both groups substitited terms in queries, although novices

favoured this strategy  slightly more than experts, Sub-goaling 1o break a
complex need into sub parts was practised by both aroups.

haviour pattern,

than  one strategy.  Expert  scarchers

ovices favoured a
individual query terms. However,
xample, experts H2-5 did not

use query
3¢ of evaluation sirate

gies more than experts. It is

IMPACT OF USER DEVICE EXPERIENCE AND TASK ON THE
MENTAL BEHAVIOURS PRODUCED

A frequency distribution for t
tategory analysis of verbal pr
knowledge

1¢ different behavioyrs was
otocols. The effects of task and users device
on the behaviour obseryed are investigated. The analysis considers
three measures of activity: the average frequency and the average rate of activity

and the activities performed in specific activity Category as a of the propottion
of total activities performed

created from the
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Resuits

. PR ivity patterns.
o 3 highlights some mteresting differences in the scz‘:rci']e.rs activ )/ .? o
fe 3 highligh o hird more activity transition than
archers perform on average a third m Y he followine
o “ul(‘he differences between experts and novices occur in “; oINS,
iCes. : e . o 0t S¥Ynonyms,
; urics‘ strategy revision, problem space reasoning, pr_lozdtiotr?cm) -'fm- i
HIEEO EE =8 .. [ T £y e 5 e
. ery formulation. query revision and xnépiumniat}%on_acs e
1y :,_Eli 8% - <, § . - It is also interestis g
: - artiviey OVICES. > d
i cnerts pe M maore activity than n » e o
h experts perfon . : sis ac » do not vary
\ ; U %io§ of the content of articles and search diagnosis fjctltyk't.}{fv o the fo
%'dimi vice knowledge. Experts perform different %eve[skof . M; icted to the
wIt dev I, een the four tasks are restricte
5 ajority of differences between the § - .
asks. The majority of diffe - ation (i.¢..identify concept. form
Ebéﬁuiinﬂ of the device and the results interpretation (l.n.,iéer;taf, e niP e
EHUD o . rvalile <
N {"- revise query. evaluate initial results and evaluate _“f.: ¢ for querying
‘:‘} 'Fh“ activities produced by novices show less variation hO q o
fts ). ¢ g L s c L PH2 where subjects
L activities than experts, with the exception of task PH ]
b -
cared {0 give up.

- [
OG1 062 PH 3

B N

7.67 4.

strategy

0.86 322

7 i 046
Tabout | 311 686 I 389 |07 3.4
i R o )
R ! 557 611 1143 467 I 167 0.86
. T 3 3
) 3 1.00
STy e 557 300 |43 267 238 L‘eg o
 lerms 4_; ; :% CERTTTEY 1065 329 ?.?7 :le»
- 3. 2. : — 3 3.67 “
L %00 600 | T0F% | 76 089 ,Qgé 13.00 571
S quUery ll” T 071 1478 13.00 12.78 . ERL
Lxecute e )

implementation

slyate and
SIOSE

rarch success/
Hure

5778

2685

47.14 G4.50 6125 63.12 48.71

Fotal activilies 68.76

ivi s for device novices (N} and experts (E)
Table 3: Average occurrence of activity types for device novices (N}
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The tentative observations on the raw data were
significance (see table 4). The analysis enables the testing for
differences between novices and experts on each of the e
unrelated ¢ testy enabling the data to pe divided based on
knowledge (novice and expert) and behaviour category.

Tasks
OG| G2

0.008

Evaluate and
diagnose search
success/ faifuge

Table 4: Significant differences berween the categories of

activities for device
novice/expert df = 14

The results in table 4 show that si
reasening more thay novices (rev
The data indicates significant differences between
concepts identified and the exploration of synonyms.

The percentage of the total

gnificant differences oceur

with experts
ise strategy, reason

abour the problem Space).
expert and novices in the

activities by category is used in
identify strategy differences between experts and novices, Any
configuration of activitjes observed would indicate & strateg
erther across fasks Or user group. Unrelated { tests are u
sfrategic differences between the
device knowledge. This anaf

an attempt to
difference in the
i difference existed
sed to investigate any
activity performed by searchers with differing
¥$is is performed for cach of the tasks,
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investigated for statistical
significant
Xpertmental tasks using
experimental task, user

TOWARDS A PREDICTIVE MODEL

Tasks B
Category 7 Tasks ) S
o OGT 0G? P 2
1 S H SD t 5D t - {;S.
: 5 5 88 A3
crtHy coneept 0.40 LGOS (I){(;; ; jq
sudy relation 0.22 0.55 . A7 i -
Tatcey 555 ESI ITYTIER T KNI
strategy : 2
¢ strategy 285 | 0.01 0.97 _ 14§§ - : = —
‘ n about ) 1406 10005 300 §.003 3.33 G005 2. 023
HETHN Space _ _
\.I'C sj)nonvms 249 10025 §2.73 0.01 (siil 0.003 (I}_]é
- - ) i 342 s
TS 0.54 .00
i terms 42 72
“r: query .81 047 0.46 ({) gg
e query 16 T3 049 .

menlation
s — = 1.40
aluate initial (.33 1.56 0.17

0.01 2.20 0023 1.26 0.43

0025 § 034 (.96 0.58

| i asks 2 zach of
ole 5: Significant differences between the different tasks per{(}rmtdl on de(lj
L3 £ SO B, ) i ) : ) X S 5
the mtcggrieﬁ of activities for high and low devige knowledge population
if pa A =

d.p)df= 14

tuble 5 shows that the differences between the conﬂg,uratloir}ofgsu.argl’u\,}v§>
ctivities A i exX are significant. PH2 also shows
tviti ich exist ft e and experts are significan
tivities which exist for novice | oo shows
: i ing a gre: entage of activities spe
ferences wi ‘tees spending a greater percentag . ,
differences with novices spend gag e o e
i 4 1Ce crences 1 the %
; ifving : experts. There are expert-novice differ the
identifying concepts than experts. er Herences v
o the tors g ingle activity category on the following
tvities performed as a single activity category
the total activities performed a g -« : o Lolowine
categories: reason about the problem space, explaration of synonyms
srereziyrats » g - Q. - '
evaluation of the results contents . . _ e the
Unrelated t tests are used to investigate activity rate dlffernncesTll);twcu]\r e
i . P . . § . analvsis
activity performed by searchers with differing device knowledge. This 3
R LY ¥
¢ perfor for eac the tasks. .
it performed for each of : S viees and
The significant differences in the rates of acimty. between ?h0> mh;em
experts occur only for revision of the strategy, reasoning about e ph "
e : sienificant diffe 5 in the ra
*;pz?ce and exploration of synonyms (table 6), Significant differences ir
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of activity oceurrence are expected be
proceduralisation of knowledge .
completion. )

Categan

[ ——
Pz
| dondiy concepr ] R EI,
[T eion R —
T r— U -
ISR — |
Reason aboyt 034 -
problem space 0.005 33y
R T— AL
T — i —
.l.{xcc:uzc .47 _
impiementation 014
actions
Evaluate iniial .
| resudis 0,53
Evaloate resuits -
Conient .33
Evaluate and ‘ -
diagnese search 007
ailure .

Table 6: Shows the significant diffe

‘ rences between the djffere
on cach of the caregories of ontfere

activities for figh and low dev
Populations (2 d.p) df - 14

Nt tasks performed
1ce knowledee

SUMMARY

* Overall, search I

, er performance was ne Thi
* Ove : 15 poor. Th ay i
> Overall, : : - This may he ; ¢
‘}st‘nm S user mterface rather than the underfyi o mechanoed o the
puf{‘)rmance achieved by the gold standard qut‘
. Experts exhibited significantly
‘\/\"‘k Sy o e H - | L
. 'ELI'L(;S hovices did not, so g appears that novice
‘ Zrn due IC-i chance. This and the idiosyneratic use
stjects indicates that IR systems st ]
task support, for users.
* Multiple strategies exi

strategies exist and searchers o i
LM ‘ g CFS are not consis i el
ot ategies ex nsistent in their sirateey
oo ‘ask. The strategies used by the searcher change during oot e
Aperts generally spend longer completing Y .

Ng retrieval mechanism given the
ries, '
stmilar ranking of recal] on the four tasks
searcher performance wag
y : of system facilities by the
10WE provide specitfic assistance, or tarveted

: a retrieval session
a retrieval session and consider more

1o

?}x-'con hovices and experts because of the
as skill and thys mereased speed of activiey
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aiternative term expressions than novices but this is still only a small proportion
of the possible search concepts (expert average 22.75%; novices 15.97% of the
acld standard gueries).

. Fxperts expanded more components from the original need statement than
s by adding terms from the systems thesaurus or from their knowledge of
dormain {experts 60% explored, novices 37% terms expanded with synonyms
red with sub terms).

serts consider mote term alternatives than novices but this is only
sificant on moere complex tasks. However, individuals did show a common
g in the number of terms used per task. The number of terms used is
:d to the characteristics of the task for both groups.

¢ lBxperts re-used queries more, and used substantially more queries 1o
arviculate their need to the system than novices {experts average 12.73 queries;
nevices average 8.93 queries). Experts concentrate on cycles of narrowing and
proadening whereas novices favour trial and error by substitution. Novices
favour evaluation while experts use systems facilities to explore alternative terms
= than novices. Novices only use Boolean *ANDs™ to express relationships

&

diverse. The number of query iterations performed are positively correlated to
the coverage of the gold standard.

DISCUSSION

Although we did find evidence for behavioural differences between novice and
gupeit searchers, no simpie correlations between behaviour and performance
wers immediately apparent. Instead, our analysis revealed a complex picture.
There are many contributing factors to effective performance, such as use of
complex  queries, many search cycles, narrowing strategies and caretul
aluation of retrieved resuits. However, these factors were not evenly
listributed across our subjects. Experts relied more on complex query
formulation and iterative cyceles of searching whereas novices relied on careful
evaluation. However, success was neither guaranteed by any one sirategy nor by
1 combination of all of them. Some of our subjects exhibited expert behaviour
with poor resuits, and conversely some followed poor strategies with good
rzsults, Although these exceptions were @ minority, we can only explain them in
terms of choice of appropriate search terms.

Several explanations for the searchers’ difficulties are possible. First, choice
of appropriate search terms that matched the document contents mn free text
search. It is possible the searchers were unaware of alternative terms held by the
svstemn thesaurus, considering that only a minority of our subjects consulted it. It
seems that education of users about these facilities only goes part of the way t©
salving the problem as shown by the differences in facility use by the two
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subject groups. Secondly, they may have had difficul
demonstrated by three of the searchers who explicitly complained about the
usability of the thesaurus (out of the eight who used the thesaurus). Finally, the
svstem thesaurus did not afways contain appropriate keywords and spellings,
hence leading to failed scarches. MEDLINEs thesaurus has been set up with [J§
spellings hence articles with English spelfings and keywords are not found by
free text retrieval,

The lack of correlation between effective strar
also been noted in ecofogical studies of on line searches with intermediaries
{Smithson 1994). who also found that poor evaluation of resulis carly in the
search cycle caused poor performance. The inter-task performance differences
We encountered may be interpreted in terms of how tasks may determine search
strategics. Bystrom and Jarvelin (1995) propose a mode! of scarch Strategy
selection for tasks according to the user domain and the knowness of the need. In
the compiementary theoretical studies {(Sutcliffe and FEnnis 1998) we have
elaborated Bystrom and Jarvlin's approach to propose rules for strategy selection
according fo properties of the information need and task. However, motivation
and perceived difficulty of the scarch clearly has an important cffect that we
shall have to account for.

Our subjects were not only inconsiste
their choice of search terms. There w
sofutions and the inter-subject consis
livonen’s (1995) findings, although we
terms of lexical agreement,

It computerised retrieval systems aim to take over the expert intermediary
role of the librarian then their designers will have two pay more attention to the
users task needs when designing the user system dialogue. This requirement is
becoming mere evident due to the shift (o end-user searching. The study has
shown that the systems interface, task support facilities and user guidance are
failing to assist the searcher in need articulation and their retrieval activity, as
even domain experts are unable to retrieve a high proportion of the refevant
information in the database. The performance figares highlight the requirement
for improved IR interfaces and intelligent systems guidance to assist searchers,
The differences between the query articufation activity and search strategies of
the subject groups shows a need exists for targeted assistance based on the
device knowledge held and the pattern of a user’s query history. Differences in
the query patterns and terms used further support this requirement for user
specific task support. Fxperts generally considered more term alternatives than
novice searchers even though they have equivalent domain knowledge. This may
be due to differences in their mental models of svstem function&li[y, index

structures and document representations. This has design implications for the
articulation assistance provided by the system and the advice offered to

ty using these facilities as

egies and search success has

nt in their search strategies but also in
as little overlap with the gold-standard
tency was also low. This agrees with
have not analvsed consistency in detajled

12
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iour as current [R designs aren’t fully supporting user activity.
av a o
FUTURE WORK

i1l ada r cognitive model of searching behaviour (Ennis and Slztclrllf;

,m‘.,l 4 E.l_?iofu d }-21;1#; 1998) in the light of these results. A comple.te an
. bmcfi{r'ft ?nslc,d C(_}mﬁutationai implementation of the model in the
”3 ,Sc,e.ndrwd*ltihim{ environment (Cooper et al 1996) is _currcntlyl n.rwqcr
i‘{}iilzNjelim"é"l:is‘ \;ill lead to the development of guldelines for the provision
uu;:;iifuppor{ facilities and the design of IR interfaces.
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