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The relation between user satisfaction, usage of
information systems and performance .
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Abstract

T'hls study investigates the validity of two common[y used measures for the success of information systems {is): r..sa = and usar
satisfaction (us). A questionnairz survey amang Duich managers was used to assess the murual relation becwesn both
measures and performance. The results indicate that us is significandy related to performunce (r=0.42).-The relation betwe-n
usage and performance is not significant. A partial correlation after comrection for us is nac significant either. Thxs study

provtdcs empirical evideace for the popular assumption that us is the most appropriate measure for Is success available.

. 1998 Elsevier Science B.V.'All rights reserved
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1. Introduction

The explanation of information systems (1s') suc-
cess has been called cne of the main goals of s
research [3]. Unfortunately, however, one of the pre-
requisites for measurement of 1s success has been the
subject of much controversy (8. 13, 23]. The measure-
ment of s success has been high on the research
agenda for well over 13 years [20]. During these vears
papers have changed from theoretical discussions and
rough measurement of ts success (see e.g. [32] for a
survey and discussion of measurement issues)

empirical validation of measurement instriments
{2. 11,25, 26]. Within this period a tendency towards
the application of more advanced psychometric meth-
ods can be seen. Reliabilitv analysis using Cronbach’s
¢: and exploratory factor analysis have graduaily been
replaced by confimmarory factor models [6. 10, 12].
In parallel with this development, a shift in the
success measures can be observed. Laboratory
research typically applied measures in which the
contribution of (s to performance is determined.” Simi-
larly, it hias been proposed to compute the concribution
of IS to organizational performance in real world
studies (I, 9]: indeed, artempts have been made ©
apply such measures in eémpirical research. Gallagher
tried to determune the value of (s in monetary terms.
but his results were disappointing. Two dissertations at
Ohio State University tried to assess the influence of
implementation on financial performance. However
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“{t]he influence of non-controilable variables pre-
veated their reaching a conclusion™ [16]. Apparently
it is difficult to assess the coatrdbution of s to perfar-
mance in a real world situation: a large portion of the
costs and benefits will be qualitative or intangible
[4, 24], the assessment of the vajue of unstructursd
or ad hoc decision making may be nearly impossibie
and organizations iypically will not record these costs
and benefits {24, 23].

Partally as a consequence of the difficuity in dirsct
measurement of the contribution of (s to organiza-
tional performance, two altermative success measures
gained acceptance: usage and user satisfaction (“‘the
extent to which users believe the information system
availabie to them mests their informadon reguirs-
ments” [23]). Both are supposed to be proxies for
the contribution of Is to organizational performance.
The validity of research findings in which thoss
measures are used 0 operationalize 1s succass uli-
mately depends on these measures’ validity. Conse-
quently, the development of theoredeal and empirical
foundations for their applicadon deserves a high p[ac\.
on the research agenda.

2. Usage and us as success measures

A rationale for the application of usage as an Is
success measure is the idea thar it does not contributa
to performance if it is not used (and will contribute ©
performanca when it is). An alternative rationale states
that users are able (0 assess the value of the s and will
use it if they conclude that the benefits (rewards) wiil
autweigh the costs {efforts) [27. 31]. On similar
grounds Ein-Dor and Segev assume that usage is
highly corralated with other criteria (like profitabilicy,
application to major problems of the organizatoen,
quality of decisions. or performance and user satisiac-
tion) as “‘a manager will use 2 sysiem intensively only
if it meets at least some of [these] criteda™ (13]. Both
rationales assume that more usage is better, which is

not necessarily the case. Furthermore, application of

usage as 4 success measure may suffer from the fact
that a system will be used if managers feel thac it
facilitates their own goals. Thus, both perfect know}-
edge and goal-congruence between manager and orga-
nization are assumed. On another {eval, it is unclear
what exactfy is the amount usage of an (5. Also.
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subjective measurement of usage may be infuenced
by social desirzbility and usdgc measurement may
suffer from time-dependent noise. Finally, the appli-
cazion of usage as'a succass measure may lack sensi-
tivity. Usage measurement wiil only identify the very
unsuccessful systems (3] Qnd whather managers will
use an ts mainly will de:m:nd gm-negative aspects of tha
svstem. Provided that the benefits of using the 13
outweigh the costs, it will be used.

The measuremeat of user satisfaction (us) will geat
the very unsuccessful systems as non-existent, but is
easier to differentiate berween 1§ that are used. ys
measurement assumas that managers know theip
own information needs and this introducas the necas.-
sity of goal-congrueace berween the manager acd the
organization. Fushermore, it is assumed thar
improved performance will zutomatically follow if
the system meets management information ns=ds.
This does not imply that satisfacion causes perfor-
mancs: performance and us are both caused by the
extent to which information requirements are met; A
possible shoricoming was noted by Melone (28], who
doubrs thar users ncce.ssa.rily hold atitdes abour their
15 and, if they do, whether they are only formed when
quesdons about Us have 10 be answered; this would
negatively affect the reliability of responses. She goes
one step further and claims thar amitudes that are not
artculated will not inffvence percaption, judgment,
and behavior. This, however, presumes that us causes
performance, which is not required: us is a reflection
of the extent to which the information needs of the
manager have been mer and the assumption mada in
w2anng Us as a success measurs is that performancs af
managers will improve if their information requira-
ments are met.

us also shares some shortcomings with usage: it
may suffer from time-dependent aocise {30] and mav
be influsnced by social desirability. Furthermore, the
problem of a valid us measure is apparent. but recently
considerable progress has besn made in developing an
instrument and validating it by the apglication of mors
advanced psychometric methods.

3. Empirical evidence of the validity of s

Norwithstanding the apparent shorcominas of cs as
1 success measure! the research community seems (0




use it as the best proxy. us is increasingly employed in
practice [7] and is the most commonly used dependent
variable in 1s research {22, 33). In a recent meta-
analysis [18] 27 studies used some operationalization
of us as the success measure, 17 employed usage, and
13 some other dependent variable. Furthermore, the
meta-analysis found a significant, negative relation
between effect sizes for usage and theﬂyear in which
the studies had been camied cut. This may well be a
consequence of this measure’s limited sensitivity.
Some studies apply muiltiple measures simulta-
neously and some attempts have beert made to gain
insight in the mutual relations between success mea-
sures and organizational performance. Gatian inves-
tigated the Yelation between us, ‘decision-making
performance” and ‘efficiency.” Her research popula-
tion consisted of two groups of university and college
users of a financial accounting and accounts payable
system: department heads and controllers. She found
that there was a relatively strong positive relation
between satisfaction and both decision performance
(assessed by both user groups) and efficiency (only
assessed by the controllers group). However, her

results may be affected by the fact that her decision -

performance measure asked users abouf their percep-
tions of the contribution of the system to performance:
- the decision-performance measure may well be con-
sidered to be a us measure itself. The efficiency
measures assess ‘specifically, data processing correct-
ness, report preparation and distribution timeliness’
[17]; these variables do not seem particularly suited to
assess the contribution of 15 to organizational perfor-
mance. Furthermore, respondents may have tried to
answer consistently: a respondent who first indicates
that she is very satsfied with the 15 is unlikely to
answer that the system has a negative influence on her
performance..

fivari and Ervasti investigated 21 different systems
in a single municipal organization. For a group of
users and a group of user-managers Us scores were
determined using a version of the Bailey and Pearson
instrument that was adapted by the authors in order to
be able to determine us with an individual system.”
Furthermore, implementability of the system was

*The authors explicttly acknowledge that the Doll and Torkzadeh
us instrument could have been used to assess the relation between
performance and us.

naod )

assessed using a scale developed by the authors,
and effectiveness of the organizational unit was deter-
mined using the Van de Ven and Ferry [34] organiza-
tional assessment framework. livari and Ervasti found
a positive relation between us (in particular ease of
use) and implementability. Further results are some-
what ambiguous, but point to a positive relation
between us and unit performance.

Etezadi-Amoli and Farhcomand investigated the
relation between a newly developed us instrument
(similar to the Bailey and Pearson instrument) and a
newly developed performance instrument. Their
respondents were employed by 22 different organiza-
tions and 28% of the respondents occupied a manage-
rial position. They find a stsong relation between us
and performance. However, the nature of the perfor-
mance measures employed may have inflated the
findings: users were asked about the contribution of
the software to their performance.

Igbaria and Chan [21] investigated the influence of
us — assessed by the Doll and Torkzadeh instrument -
on system usage and ‘individual impact.’ They used
questionnaire data provided by 371 employees of a
large organization located in Singapore and found a
significant, positive influence of us on both usage and
individual impact and of usage on individual impact.
However, their resuits should be interpreted with some
caution. The authors did not define usage in terms of
frequency of use, as the differences between respon-
dents were rather small. Instead they chose 1o define
usage by the number of computerized applications
(e.g. word processor, spreadsheet) used by respon-
dents and the number of business tasks {e.g. writing
reports, commuaicating with others) for which they
used the systern. This measure might better be labeled
‘computer experience.” The individual impact mea-
sure is similar to the success measures used by Gatian
and Etezadi-Amoli and Farhoomand: users are asked
whether the system contributes to “decision making
quality, performance, productivity, and effectiveness
of the job.” The tendency of users to give consistent
answers to the questionnaire may, again, have inflated
the results.

In my study, unit performance was assessed using
the Van de Ven and Ferry measures with two new
questions concermning financial performance (revenues
and profit). In this way the cccurrence of spurious
relations between us and performance found in pre-
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vious studies is avoided. The Doil and Torkzadeh
instrument will be used to 2ssess us. This instument
has been validated extensively (e.g. [14, 19])} and
measures satisfaction with an individual application;
this eliminates the need for adapation of the instru-
ment [n order to counter the enucisms of Etezadi-
Amoli and Farhoomand about two-item measures the
first version of the instrument (before elimination of
izems deemed superfluous by Doll and Tockzadeh) was
used. Analysis of the relation berween the outcomes of
this instrument and other performance measures is
particularly interesting because it has been critcized
for not including performance related variables.

LKW

4. Research method

A questionnaire survey was seat to 1024 Dutch
managers, information managers, and controllers.’
A separate answer card was attached to the question-
naire; this could be used to obtain a booklet abour 1s
and the results of the survey. The respondenes did
receive a postage paid retum envelope and a letter on
university stationery. The letter askad for cooperation
and guarantsed that answers would be private. Four
weeks after the first mailing, a reminder was send oue

- in which respondents were thanked for their coopera-

tion and in which the cooperadon of people who had
not yet responded was again solicited * A final gross
response rate of 20.7% (n=212) was obtained. The net
response rate was 16.6%, as 42 responses could not be
used for analysis.’

The age of the respondents vared from 23 wo 65
years., with an average of 44.9 years. On average
respondents have worked 6.1 years in their current
function and 11.2 years with their current employer. A
large majority of the respondents (94.7%) was male.
Of the respondents. 84% had at least a polytechnic,

*Administration of the questionmaire was made possible by
financial support of Qasis Nicuwegein, which is gratefully
acknowledged.

“The original intent of the answer card was 10 be able to kezp
track of respendents and non-respandents, However, the number
of questionniires received withowt any identification was quite
large, and it was decided 10 send a reminder/thanks leteer o all

(non-Jrespondenis. . T4
*A large aumber of refusals consisted of a lener indicacing

company palicy of nan-cooperation in survey research.

Table [

Organizadonal function of respondents (=170

Function %
Concarn matagement 27.1
Division mamagemeng in.2
Business unit management T 5.4
Line manzgement = 1T
Saff member 41.6
Other . 3.0
Towal* 100.0

"Of this group 23.2% indicated that their function was either
information manager or conoller,

*Due 0 rounding errors the sum of the individual jtems does no:
always equal 100%.

university, CPA or CMA degres.® An 15 was available
to 64.5% of the respondents, 26.7% used the system
only through an intermediary, and 11.4% did not use it

ar 2ll. Table I presents descriptives of the function -

occupied by respondents. |

The original Doll and Torkzadeh instument con-
sists of 18 questions, which are used to measure five
dimensions of us: satisfaction with content (5 items),
accuracy (4), format (4), and timeliness (2) of infor-
mation and satisfaction with the systam’s ease of use
(3). Two new indicators were added to the timeliness
scale: “Are the data in the system updated offen
enough?” and “Are the dama in the system updated
quickly enough?” Both coafirmatory factor analysis
(cFa) and an expert panel were used to validate the
resulting measurement instrument. They suggested the
elimination of the fourth and fifth item of the contant
scale. the first newly added item of the timeliness scale
and the third item of the ease of use scale. This
einoreduces concems that the number of indicators
per construct is too low. However, the inclusion of
only two items in the measure was preferrad gver the
inclusion of a faulty item. The elimination of this item
did result in an increase in Cronbach’s a. A possible
explanation it that the formulation of this item {15 the
system efficient?"") is ambiguous. After those anal yses
an extension of the cFa was used. In it a measurement
model where all non-zero factor loadings were set
¢qual to | was compared with a traditional measure-

“The SUbicc_E were Dutch managers, conscquently the questions
were phrased in terms of the Duich sducational svsiem,

- __.4_-—
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ment model where the non-zero Factor loadings are tett
free. The difference in \° between both models
(Xie =3.07) is noc significant. This jadicates that
in further analyses the sum of the individual item
scores can be used. Finally, the reliability coefficients
presented on the diagonal of Table 2 are quite sacis-
factory.

Table 2

The secand success measure, usAge. WAS Assessa i,
four different ways. The respondents were asked hqy
many hours a week, and how many times a wegje they
used theiris. Both measures weee aiso obtained for any
indirect usage: the respondents were asked how
hours and times a week an assistant spend to gat
results from the is. )

Many
them

Pearson product momeny correlations of 15 success measures with organizationat performance. Underneath each correlation coefficient (e
number of cases it is based an the significance are presenicd. Refiability coeficients {Cronbach’s a) for multiple flem measures are presented

on the diagonal of the matrix

i 2 3 4 5 a 7 8 _ 9 1+ I T T
1. Content 0.90 .
o (103)
i
2 Accuracy 068 097
(133)y (103
Q.000 nfa
3. Formac Q.70 059 Q94
(103) (103) (103)
0.000 0.000 wa
4, Timeliness 059 076 Q36 Q.91
(103) (103} (103} (103)
0.000 0000 0.000 nia
5. Ease of use 038 037 073 056 096
: {103y (103} (103) (103) (103)
0.000 0.000 0.000 0.000 n/z
6. us {14+2+344+5) 0.84 0.87 087 0.82 079 0.9
(103) (103) (103) (103} (10%) (103)
0.000 0.000 0.000 0.000 0.000 nfa
7. Hours of direet usage 0.4 014 011 02+ 022 019 na
(100) (100y (1003 (10O} (100) (100} (103)
’ 0.169 0.157 0266 0.013 0.032 0056 na
8. Hours of indircet usage Q.14 016 0.0t 0.16 00¢ 01! 036 nna
(53) (931 09N (53 (9 GBI ¢ @ ’
0.16% 0.133 0.506 0.116 0.724 0.275 0.000 n/a
9. Frequency of direct usage 0.19 04 013 023 029 024 053 008 na
(101) (101) (100) (101} (100) (100) (103) (95) (104)
- 0.051 0.I75 0.055 0.021 0.004 0.017 0.000 0423 wa
10. Frequency of indirect ysage 0.15 021 =005 049 002 012 014 076 0.12 w2
(98) (98} (9%) (98) (9%) (98} (9 (%6) (100} (101
0.147 004! 0.608 0.058 0.821 0.239 0.159 0.000 0.24)
[1. Performanes (Vanr de Ven and Ferry) 036 035 021 036 035 04 Q11 004 QIS5 006 0385
{100y (100) {100y {100} (100} (10O) (100) (943 (iQI) (98) (162)
n000 0.000 0.000 0.000 G.000 0.000 0294 0.69¢ 0.[24 0.582 wa
12. Performance {naw) 0.26 027 030 039 026 033 -0.06 -008 007 -00] 045 079
(92) (92) (92} (92} (92) (32 (92) (88) (93) (91) {143) (146)
001! 0009 0.004 0.005 0013 0.001 0572 0479 0535 0914 0.000 wia
13, Perfarmance ([1+[2) 038 036 042 038 037 046 009 001 017 00¢ 095 070 0634
(91} (80 9 O G B ©H @D PN (50) (147 (143 (143
0.000 0.000 0.000 0.000 0.000 0.000 0383 0908 0.J01 0.707 0.00 O0.000 oz




claim that us is an adequace proxy for the contribution
of 1s to orgamzational performance is correct. How-
ever, the Us instrument still needs some improvement.
The ease of use component of the instrument consises
of only two items and is relatively unceliable, Further-
more, reliabilities of the insuument may have been
overestimated as a consequence of the tendency of
respondents (@ give consistent answers. Thus the
carrefations between the subdimensions of us and
the total us score are better estimates of refiability
than the diagonal as.

The correlations betwesn us aad performance may
be inflated by two amifacts of the research design.
First, self-reports of performance were used. Second,
the correlations may have been inflated by the fact that
this study focused on 1s only; organizagons that build
better is are likely to perform bemter in other areas, tog.
All those areas conuibute 1o organizational perfor-
mance. As only 13 success is assessed, the relation
berwesn (s success and organizational performance
will partially reflect the contribution to performance of
the other arcas in which the organizaton performs
better.

[t should also be acknowledged that us is less SUlECd
to assess the success of an ts that is used indirectly.
However, in survey research it may not be obvious
whether a manager is 2 user of the s or uses it only
indirzetly.

Finally, the low and insignificant correlations
between usage measurss and performance measures
add weight 10 the doubrs thar already exist about the
validity of usage as a succass criterion. However, the
results of this study should not be generalized to other
kinds of systems. For some systerus (e.g. [nrermet sites
or other information systems aimed at a general pub-
lic) usage may remain the most appropriate and most
aasily assessed success measure; for 15, us measure-
ment is more appropriate.?

"r 2 similar vein. the cesults of Chan. Hutf. Baclay and
Copeiand indicate thar using us as 2 succsss measure may
underestimate systems’ suuegic imporanes: “The seven dimen-
sions of 1§ effectivenass formed two separate clusters - uss [user
informarion satisfaction] and swutegic impact - suggesdng that 15
satisfaction measurcs were not just another way of assessing
strategic importancs; these factors wers very differenc, This in twm
implies dhat studies investigating organizadonal ts effectivencss
may be well-advised not to rety solely on uts-based measures.”
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Using Intranets:
Preliminary Results from a Socio-technical Field Study

Abstract

This paper describes research-in-progress that
examines the relative influences of internal and
external factors on the development and use of
intranets, as a particular case of information and
communication technologies (ICTs). This three-
phase qualitative study integrates cross-sectional,
comparative and traversal methodologies to identify
where it could be effective to combine socio-
technical theory {emphasizing individuals and social
groups) with institutional approaches (emphasizing
interaction through influence and regulation.)
Preliminary results suggest that a balance of
pressures are al work, with external factors
motivating the use of intranets and other forms of
web information systems within the constraints of
local organizational contexts.

1. Internal and external influences

We commonly assume that, within organizations,
internal knowledge demands drive information
technology use. These demands may be tactical,
generating a need for information gathering, data
analysis and knowledge management about core
products and processes. - Strategic demands may also
generate a need for indusiry analysis and market
data. They could even spur investment in new
technologies to achieve greater production and
communication efficiencies. When researchers
examine organizational incentives to adopt and use
information and communication technologies
(ICTs), their studies concentrate attention on these
internal knowledge demands [1, 2]. However, new
research results indicate that external demands
strongly drive ICT use. In a recent study, I
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examined the use of online information by 26
California firms in three different industries. Data
show that external environmental factors and
interorganizational relationships strongly drive
information investments and the use of online
technologies [3]. Institutional demands, such as
disclosure mandates and regulatory agency approval
requirements, generate extensive data gathering
activities. Interorganizational interactions further
shape online use. Firm members frequently
described their online use as a response to
information demands arising from firm interactions
with clients, competitors, pariners and regulatory
agencies. Some firms made much greater use of
online information than others, and that had as
much to do with external institutional and
interorganizational factors as with any internal
decisions of the firms' managers or staff. Do these
external factors shape the organizational use of other
information technologies as well? Do they shape the
use of intranets?

2. Why study intranets?

This paper describes a study designed to examine
whether the findings of my prior research can be
extended to other industries and other ICTs, such as
web information systems (WIS). I have chosen to
study intranets for two reasons. First, intranets are
an ‘"inside-the-firm" technology configuration--
unlike extranets or web-based electronic commerce
networks that are intended for multi-organizational
use. A study that examines the use of intranets,
rather than these other new WIS, could characterize
interorganizational influence less ambiguously.
Thus, an intranet study might determine whether or
not findings about the influence of external factors




could be extended to WIS in particular and to ICTs
more broadly defined.

A second reason for choosing to study intranets
when examining questions of technology shaping is
that they are a new, highly configurable WIS that
organizations are adopting at a rapid rate.
According to a 1996 Forrester industry report, 40%
of the firms surveyed had already implemented
intranets, 25% were in the intranet planning stage,
and 24% had begun to consider implementing one
[4]. In the US, Forrester estimates intranet growth
to be 60% annually, largely spurred by promises of
ROIs exceeding 1000%. My own preliminary
screening of midwest firms shows that in 1998,
about 40% of the firms I contacted had intranets "up
and running” or were just implementing them,

The use of intranets and internet technologies, is
growing rapidly.  Ironically, some information
systems analysts express concern that they will be
misused or underutilized [5]. Their concerns extend
from firms that don't use intranets at all, to firms
that use intranets simply as file servers, or as
corporate web servers--not taking advantage of their
potential capabilities. Some have suggested that
intranets can be used as groupware, as LAN
replacements, as local digital libraries, as document
management systems, as Internet firewalls, and as
web information systems {6, 7, 8]. But, at least for
the moment, there is a gap between these anticipated
uses of intranets and actual use. It would appear,
then, that within many firms the potential usefulness
of an intranet is not completely apparent, nor is
actual use limited to a single style of
implementation. Intranet implementation plans may
very well be open to redirection and influence
through local interorganizational interactions. A
study of intranets at this point in time may provide a
unique opportunity to examine what shapes the
initial use(s) of a new ICT.

3. Organizations using technology

For a long time now, researchers have tried to
explain what shapes the organizational use of ICTs.
A large body of research has focused on examining
ICTs from an efficiency perspective. Often, this
work looks at the fit between the task to be
performed and the technology intervention [9, 10,
11].  These researchers try to measure how
efficiently and effectively the technology aids an
individual in executing a task. They concentrate

their investigations at the individual level and base
their examinations on theories that describe how
rational economic individuals make choices about
tools and information resources [12, 13]. For these
researchers, lower-than-expected use of a new
technology often indicates problems with media
accessibility and -technology usability factors, and
their prescriptions follow the ergonomic concepts of
efficient and effective tool design [14, 15]. Their
findings, however do not aggregate well, and they
have not had much success in explaining
organizational use of ICTs. Baldwin and Rice [16]
confirm that individual preferences for ICTs have
little impact within organizations.

3.1 CSCW studies

Some researchers have tried to shift the level of
focus of their efficiency and effectiveness studies
toward individuals working within small groups and
organizations. A wide-ranging set of research,
loosely  categorized as  computer-supported
cooperative work (CSCW) studies, have examined
the situated wuse of ICTs within complex
organizations. Their electronic mail studies, for
example, have provided insights that explain the
differential benefits of organization-level use of
ICTs. Their work has shown the need for a "critical
mass" of users, and has identified the wider soctal
benefits of email use that may accrue to globally
distributed organizations [17, 18]. Some CSCW
researchers have also examined the incentives for
using ICTs like groupware and internet-based help
systems to augment organizational memory [19, 20,
21]. Their work shows that among different
organizations, the same technologies will be used
differently depending on the practices and incentives
present in each organization. This line of research
has not, however, had much luck in explaining what
shapes new ICTs.

3.2 Information systems research

Information systems (IS) researchers have had
more  SUCCESS. Guided by theories about
organizational change and workplace dynamics, they
have tried to examine more specifically how
organizational contexts can affect the use of a set of
ICTs--an information system--and how these IS
technologies may, in turn, present an occasion for




organizational restructuring. Some have compared
the use of a single technology, by two or more
organizations in the same industry [22, 23, 24].
They have characterized  the organization-level
incentives that lead to greater or lesser use of the
technology, and how uses within some contexts can
enhance the quality of worklife, while others can
foster a “sweatshop” atmosphere. Their complex
characterizations also show how an IS can trigger
organizational change, and how reciprocally, the
organizational context can spawn new ways of
configuring ICTs and shaping their use.

33 Examiﬂing institutional factors

IS  researchers, guided by institutional
perspectives, have been particularly successful in
making some connections between the use and the
shaping of information technologies. These scholars
have extended the scope of their studies to include
the larger organizational environment--the social,
economic, political and industry institutions that
constrain and enable organizational action. Their
work has identified the complex sets of
interdependent resources needed to use information
systems effectively within and among organizations
[25}. Much of their work carefully examines the
multi-faceted and often paradoxical incentives that
shape information systems and information resource
use m the public sector [26, 27, 28, 29, 30]. These
studies highlight the interdependence of the public
and  private  sectors, the strength of
interorganizational ties, and the ways in which
infrastructure  supports  particular types of
interactions [31]. As King et al. [32] have noted,
however, institutional and interorganizational
contexts are rarely studied in conduction with
technology use. One criticism of institutional
approaches has been that the individual is often
portrayed as a passive recipient of new technology,
rather than an active adopter or a creative
interpreter.

Researchers guided by social constructionist and
structurationist perspectives [33, 34], have aiso made
some progress toward understanding what makes
technologies more useful for some than others [35,
36]. Bijker [37] has begun developing a theory of
the social construction of technology (SCOT) that
explains how relevant social groups reshape the
technologies they use based on what they know about
the task domain and other technologies. IS

researchers have begun to explore the use of ICTs,
$uch as groupware and management information
systems, guided by socio-technical theories based on
SCOT and structuration theory [38].

These  institutional and  constructionist
perspectives also provide helpful explanations of
complex adoption and use phenomena for WIS
researchers. I believe that some interleaving of
SCOT theory with institutional perspectives could -
help to situate individual and group activities within
a dynamic, powerful, overarching industry and
institutional setting. In this study of organizational
intranet use, I intend to bring these two sets of
concepts together to provide a more comprehensive
explanation of how "information technology is
situated in a web of interrelations that is intimately
connected to other dimensions of the workplace"
[25].

4. Methodology

To examine what shapes intranet use and
development, I have designed a field study that
involves three overlapping phases of data collection
and analysis. (See Table 1.)

In the first phase, I will conduct a cross-sectional
intranet status study within each of four industries:
law, hospital care, real estate and general
manufacturing, To ensure that the study
encompasses firms with a wide-ranging set of
external influences and conditions, I selected one
industry from each quadrant of Scott's [39] technical
and institutional ndustry environments framework.
This industry selection will establish a basis for
cross-case comparison [40]. My first task is tfo
contact approximately 200 midwest organizations
(50 in each industry) to determine their intranet
status, I have chosen to conduct my research in
Chicago and Cleveland, because I believe these cities
are in a region which is representative of US
organizational environments. The region is also
convenient to my research facilities. 1 am using
revenue-ranked Dun & Bradstreet listings of law
firms, hospitals, chemical and metal products
manufacturing companies, and real estate brokerages
from which | pseudo-randomly select the sample
firms of this study. I then telephone each
organization to identify which firms currently have
intranets and how long they have had them.




Table 1: Phased Intranet Study Design

Phase | Phase 11 Phase 111
Analytic Focus Cross-Sectional Comparative Traversal
Primary Industry Firms from Manufacturing Company | Multiple Industries
Selected International Law Firm Firms & Agencies
Industries Hospital
} Real Estate Brokerage
Participant Roles Information Ctr IC/MIS Dev/Mgrs Firm Contacts and
and MIS Mgrs Intranet Users/Non-Users | Industry Coordinators
ICT Strategists
Technology Focus Intranet Status Intranets & Related ICT | Intranets & Related ICT

When this cross-sectional analysis is complete, [
will have a snapshot of the status of intranet use
within a set of firms that represent Scott's four
categories of  institutional and  technical
environments, The systematic screening process
that I am using to select sites for this first phase will
also provide the sampling criteria for my
comparative study site selection. [ will visit the sites
that have used intranets for more than six months to
determine whether they would be suitable for and
willing to allow an in-depth, onsite study.

In the second phase, I will conduct the
comparative case studies that form the basis of my
theory building research [41]. I will select four sites
from those I have visited--one in each industry--to
participate in a qualitative study of intranet use. I
mtend to spend 4 to 6 weeks at each of the four sites,
discussing and observing intranet use, in conjunction
with other information systems and information
resources that may be used for similar purposes. I
will collect data from multiple sources within each
organization, including direct examination of
intranet content and usage statistics, observation of
intranet use, semi-structured interviewing, and
document collection [42, 43]. T will talk to intranet
users, non-users, developers, managers and ICT
strategists. An important part of the interview
process will be a discussion of how these people
coordinate interdepartmental and interorganizational
activities. As I proceed from one industry case study
to the next, I will use constant comparative methods
to formulate data categories, identify cross-case
patterns and develop theoretical leads for further
investigation {44]. This data will allow for an
analysis of the interplay between informational
influences from both micro and macro
environments, and an analysis of how these occasion

the use of intranets in each firm. During this phase-

of the study, T will record detailed descriptions of
how each firm has developed and used its
intranet(s), as well as the influences and incentives
that firm members identify as motivators. I will chart
the network of interorganizational relationships that
anchor those influences, forming a list of
organizational subsidiaries, other organizations and
outside agencies that may influence each firm's
intranet.

In the final phase of this research project, I will
use Latour's methodology [45] to follow the links in
these interorganizational networks. I will contact
people at each organization that has a key
relationship with one or more of the comparative
study firms, and interview them about how
information and information systems--including
intranets and internet technologies--are used at their
firm, and about the nature of their relationships with
the comparative study firms. I expect these
relationships to be of very different types. They may
be formal or informal; and they may fulfill a variety
of purposes. For example, some may be supplier-
customer relationships, some may be competitor
relationships, others relationships may involve
regulatory oversight. I also want to identify which
relationships influence intranet use and how they
affect it. Some of these influences may be
intentional and acknowledged, others may be.
implicit and unrecognized. Traversing the
interorganizational network, as I follow up on each
reference, will allow me to characterize the nature of
these sets of technical and institutional influences on
intranet use and development, and to identify the
types of interorganizational interaction that shape
intranets. _

Sociotechnical studies are often comparative,
sometimes cross-sectional, but only rarely traversal.
I could have chosen other methods for examining the




interorganizational networks that influence intranet
use and development at each of our comparative
study firms. Graph theory, sociometry, clique
detection, and centrality analysis have all been
helpful in analyzing interfirm connections. These
methods generally concentrate on measuring
network density (the number of firms in the network
that an organization is connected to) or network
centrality (the path length that connects firms in a
network, or subsets of firms in a network). They
often assume that all interfirm connections are of the
same type, for example in value chain alliances all
links are between buyers and suppliers. 1 have
chosen Latour's method for analyzing interfirm
connections, because it allows me to richly
characterize the informational dimension of each
link type I encounter. Network traversal also
promises to dovetail the constructionist and
institutional underpinnings of this study--to provide
a view of WIS shaping that incorporates both micro
and macro environmental elements.

This coordinated, three-phase approach provides
a powerful set of theory building tools, that each
single phase cannot provide alone. To my
knowledge, this process has not been used before,
although the methodologies adopted are all well
accepted by qualitative researchers. It is a tightly
integrated process for collecting and examining data
from individuals in organizations that focuses
attentfon on the external environment and
interorganizational relationships of the firm. It
could establish a new way for WIS researchers fo
examine how networks of organizations use
networking technologies.

5. Preliminary results

At the time of this writing, | have contacted over
50 MIS managers and Information Center directors
in midwest firms. I have spoken to them about the
use and development of intranets within their
organizations, future intranet plans, and also the
reasons for not developing intranets, at those firms
that don't use and aren't planning to implement
them. I have visited nine of the fourteen sites that
reported using intranet technologies for longer than
six months, and I have conducted one 6-week onsite
study at a Fortune 500 manufacturing firm. (See
Table 2.) ’

5.1 Intranets federations

One of the most interesting early results is that
many firms implement several intranets within the
same organization, each one developed by a
different group. Such "federations of intranets”
seem to result from multiple influences to use
organizational networking technologies. This type
of loosely connected intranet configuration has also
been reported by other researchers [46].

The finding that intranets often develop in a
federated configuration--with some intranet servers
hosting a unique, heavily used application, clearly
motivated by external factors--suggests that external
context does indeed shape the use of 'inside-the-firm'
technologies like intranets.

Table 2: Current Status of Intranet Study

D&B Listings: mo. plus.):
Manufacturing Firms: 26

Legal Firms: 25

Screening Ousite Visits Case Study

Locations: Intranets Overviews Comparative Intranet
Cleveland, OH and Study

Chicago, IL

Systematic Sampling from Firms with Intranets (6 Fortune 500

Have intranets: 14
Sites Visited: 9

Manufacturing Firm:
Interview Participants: 41
Intranets/External Sites: 12
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Figure 1: The Intraneé/Internet Configuration of Forture Manufacturing

Common and uncommon uses. In these firms,
the intranets have developed independently, each
reportedly influenced by the needs of the separate
communities that implemented them, as Bijker's
theory would predict. The intranet/internet
configuration of Fortune Manufacturing (a
pseudonym for the firm where I conducted the first
comparative field study) serves as a good example of
how a multi-server intranet federation might actuaily
develop (see Figure 1.) In cases where business unit
lines have been drawn along merger and acquisition
boundaries {e.g. the separate SVRs associated within
the MFGNET intranet in Figure 1), the intranets are
more neatly separable as to who they serve and how
they were influenced. Among these intranets, the
redundancy of some applications, such as internal
order forms, and services, like phone lists or online
newsletters, can be explained by the fact that, while
they may serve a need common to all members of the
firm, the business units were originally unconnected
to Fortune Manufacturing or to each other, and so
did not always need to share this data or to pool

common concerns. But these common applications
and services, while found on many intranet sites,
have not been reported as motivating intranet
development and active use. The unigue
applications motivate intranet development and use.
Institutional and interorganizational
influences. Among the unique intranet applications
and services at Fortune Manufacturing, two are well-
developed and heavily used: the Year-2000 site on
TECHNET, and the ISO-9000 site on MFGNET.
ISO 9000 standardization clearly entails institutional
factors. These standards define procedures and
measures that help ensure the quality of
manufacturing processes on an industry-wide basis.
They are communicated within the firm, and made
auditable by ouiside organizations, through a
complex set of documentation. One business unit of
Fortune Manufacturing has developed this
documentation on their intranet server as a linked
set of HTML pages and PDF forms. The ISO-3000
application serves the business unit quality
management teams, as well as their customers--one




of which was noted as having been particuiarly
influential in pushing for ISO 9000 compliance, and
for setting even more stringent standards to guide
industry-specific quality management processes.

The central piece of the Year-2000 site is a Lotus
Notes database that tracks all the systems and
software packages at Fortune Manufacturing, world-
wide, and reports each system's status in terms of
whether or not it can handle dates beyond December
31, 1999 correctly. It might be argued that bringing
all systems to Year 2000 compliance status is in the
best interests of the firm and would, therefore, be an
internaily motivated application. However, the
recent demands that interacting organizations have
placed on one another to certify their state of Year
2000 compliance in order to retain business has
added a significant push to this effort. Although few
firms can now certify that their systems are 100%
Year 2000 compliant (or will be by January 1, 2000),
managers at Fortune Manufacturing believe that it is
important to be able to show that the firm knows its
current status, and can demonstrate that it has a plan
to become compliant. They speculate that, as the
deadline approaches, the documentation that their
Year-2000 site provides could help them retain
customers who might otherwise give their business
only to "certifiably 100% Year 2000 compliant"
suppliers.

5.2 Intranet boundaries

Another interesting finding is that, because WIS
technologies are highly configurable, it is difficult to
define what is part of a firm's intranet, and what is
not. At this point in the study, I define an intranet
as "web-based technologies that are accessible inside
the firewall." But that definition gets stretched a bit,
because intranets routinely contain links to external
internet sites, including a firm's own web presence
sites.

Definition. "Mode of development” may help to
additionally differentiate between what's an intranet
and what's not. Among the firms of this study,
external internet sites are almost exclusively
developed and maintained by professional web
developers. Intranets, on the other hand, are more
often developed by people inside the firm, who are
not primarily computer analysts or MIS developers,
but who have a special interest in the technology and
a specific need that it can serve. These folks may
use consulting services to get started with the

technology, to solve specific implementation
problems, or to create more professional looking web
page artwork. But most intranet site development is
done in-house and it's content-driven.

Alignment of interests. From a social
constructionist point of view, it is fascinating that
intranet sites are most often envisioned, developed
and maintained by non-CIS/MIS authors--people
who have no prior background and no formal
training in systems development. Several people
mentioned that, although iitially they submitted
their intranet content to someone who reformatted it
into HTML pages, they had gradually assumed this
responsibility themselves. They found that by using
browser tools, simple editors, and the templates
prepared by other firm members, they could just as
easily manage their own content. Some of these self-
taught novices are the "webmasters” of their intranet
site. The affordances of the technology may explain
some of these role-expansion instances. HTML
pages can be developed in most of the word
processors that people already have on their desktop
computers. And an intranet server is not much more
expensive than a typical desktop PC. These are
technologies that many people are familiar with.
However, they typically rely on their MIS group
when it comes to some of the finer points of server
monitoring or firewall protection.

Intranet authors include librarians, marketing
analysts, human resource managers, research
scientists, chemical engineers, and the occasional
MIS person--and various implementations combine
the efforts of these individuals. The ISO-%000
application at Fortune Manufacturing came together
because the interests of a few key people aligned
rather fortuitously--the quality manager needed to
completely ~remaster his  quality  systems
documentation and was open to the idea of providing
it online, the technical writer wanted to learn HTML
and was interested in tackling an intranet-based
documentation project, and one of the MIS staff had
been "fiddling around" with an intranet server and
was willing to help implement a real application on
that intranet.

These people may bring together a nicely
integrated set of skills and local interests, but they
may not share any wider concepts about WIS use
and development. They may each be aligned with
very different relevant social groups, and their
conceptualizations about the uses of a new
technology like intranets--what Bijker would call
their "technological frames"--may differ greatly.




This could explain why, within a single company,
the intranets that develop independently tend to look
and feel very different from one another, even when
the applications and services are common.

5.3. Intranet development

Until now, the way that intranets have developed
at Fortune Manufacturing, and at some of the other
study sites, has been through what might be
characterized as the "grass roots" mobilization of
local individuals motivated by external influences.
Fortune management has just begun to think
seriously about using their intranets strategically.
The company has made some recent acquisitions,
and it now needs to integrate those firms into
Fortune. The corporate communications team has
talked about using their intranets to share the
company culture with these new firm members.
Over the past year, a new executive management
team has also taken the lead at Fortune, and they
want to infuse the entire organization with their
initiatives and their vision for the future. In fact, the
chairman has issued a mandate to develop the
company's intranets. To use Bijker's terms, executive
management represents a2 new and powerful relevant
social group that has begun to influence intranet
development.

5.4. WIS forms

At Fortune Manufacturing, I can see some of the
same external factors influencing intranet use that I
saw influencing online information use in my prior
research. These factors involve both institutional
and technical pressures, such as the need to manage
the documentation requirements of regulatory
agencies, the need to document the processes of
quality control regimens, and the need to provide
proof of industry standards compliance; as well as
the need to profile the firm's technical and
technological competence to its clients. In my
previous study, these factors influenced only the
intensity of online use--whether firms used a lot or a
little. However, with highly configurable WIS
technologies, these factors also influence the form
the technology takes on in use. Different groups
within the firm adopt WIS technologies and shape
them for their specific uses. When the people I have
interviewed begin to talk about process control, for

example, they talk about their intranets. When they
talk about displaying competence, they describe their
external internet sites. And when they discuss the
need to improve service to clients, they talk about
their plans for an extranet.

6. Interim observations and next steps

At this point in my study, I am encouraged to see
that I am finding some evidence to support my
theoretical bases, and that my three-phase
methodology is allowing me to collect and integrate
meaningful data about how firms use intranets. As
institutionalists would predict, it seems that within
organizations, both technical and institutional
influences separate groups and focus their
perceptions about technologies and the uses they
make of them. I can also see that the
interorganizational connections that convey these
influences are of very different types. At Fortune, I
have identified at least three types of links: industry
coordination {e.g. ISO 9000 quality control
documentation), professional practice (e.g. models
for knowledge sharing among librarians), and client
interactions (e.g. demands for fast problem-solving
information.) Some links appear to be direct, but
others are indirect and unacknowledged. Therefore,
my decision to spend time traversing and
characterizing these links seems justified, as
different types of interconnections may allow for
different types of influences and different processes
to shape the use of intranets.

My next steps in this study will be to determine
whether the intranet observations that I have noted
while at Fortune are helpful in explaining intranet
use at another firm in a very different industry. Iam
currently screening the remaining manufacturing
sample firms to determine their intranet status, and I
am preparing for a second comparative study at a
midwest-based international law firm. 1 am also
beginning to follow the interorganizational network
connections that Fortune Manufacturing informants
have given me.

As I continue, my examination of intranets will
explicitly focus on external factors and

 interorganizational relationships, as they interact

with internal influences to shape intranet
implementation. Bijker's SCOT theory suggests that
relevant social groups--whether internal or external
to a firm--have the ability to shape ICTs early in the
technology lifecycle. If this is the case, an intranet




study like this one that focuses on these influences at
this point in time, could document how the shaping
process occurs, By fusing institutional and socio-
technical concepts in my field study analyses, I hope
to provide insights that extend constructionist
theories about ICT use and development.
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An Active Replication Scheme for Mobile Data Management *

Abstract

A replication scheme determines the number and lo-

; . cation of replicas in ¢ distributed system. Treditional
g stotic replication schemes do_not_perform well in mo-
bile environment since the assumptions M

E and relatively static access patterns no longer hold. For

E  cffective data management ‘in mobile environment, we
e propose a dynamic replication scheme which employs

s’ mobility schedules, ac-

locations and system status. Simulation results demon-

k- strate that the scheme can accurately predict the data
E requirement to facilitate effective replication, reduce re-

f “sponse time, and increase datq availability.

1. Introduction

Data replication {5] is often employed to improve the
availability and effectiveness of information services in
distributed systems. A replication scheme determines
the number (replication level) and location (replication
placement) of replicas in a distributed system. Tra-

§ . ditional replication schemes [3, 5, 7} are static in the

sense that the number and placement of replicas are
predetermined and fixed. Manual re-calculation of the
access cost and redistribution of replicas are necessary
to reflect new access patterns. This is acceptable in tra-
ditional distributed environment since the hosts are in-
stalled at fixed locations and the access patterns are rel-

atively static. In mobile environment, however, static

replication schem because the
sumptions about fixed hosts and static access patterns
no longer hold [2, 4. Dynamic replication schemes

*This work was supported in part by National Science Council
under project nuraber NSC 87-2213-E-259-004.

0-7695-0084-6/569 $10.00 © 1099 [EEE

[1, 13], on the other hand, try fo overcome the prob-
lem by continuously maintaining statistics about ac-
cess patterns and system workload so as to dynamically
recalculate access cost and reconfigure the replication
structure to adjust to the changes in access pafterns.
This is particularly desirable for mobile computing en-
vironment [6, 10, 11]. Even with dynamic replication,
these schemes are essentially pessive in the sense that
the actual reconfiguration can only beppen after the
changes in access patterns have been taken place for a
period of time and reflected on the access statistics.
‘We improve upon existing dynamic replication algo-
rithms and propose an active replication scheme which
employs user profiles for recording mobile users’ mo-
bility schedules, access behavior and read/write pat-
terns, and actively reconfigures the replicas to adjust
to the changes in user behavior and system status. Qur
scheme is uynique in several respects: (1) We maintain
detail access statistics of each individual user in hig/her
profile such that the replication decision can be made to

‘tailor the fovement and data requirement of each user.

(2) We allow a user to provide his/her daily schedule
which is used to derive the user’s mobility pattern and
data requirement. This enables the system to providea
certain degree of predictive replication which allocates
object replicas before the actual access. (3) We devise
the concept of open objects to represent 2 user’s cur-
rent and near future data requirement. This leads to
a more precise and responsive cost model to reflect the
changes in access patterns. (4) We allow the declara-
tion of emergency events and objects which are uncon-
ditionally replicated. This is targeting safety and time
critical application domains. \

For performance evaluation, we built a simula-
tion environment and compared five representative
schemes: (1) no replication; (2) static replication; (3)

_dynamic data allocation (14]; (QLM

cation ’[15]; and (5) the proposed active replication.
Our scheme can accurately predict the data require-




ment to facilitate effective replication, reduce response
time, and increase data availability.

The rest of the paper is organized as follows. Sec-
tion 2 provides a survey of related issues and research
work. Section 3 presents our framework and system
model. Section 4 introduces the active replication algo-
rithms. In Section 5, we discuss our simulation method
and the results of performance evaluation and compar-
ison. Section 6 concludes the paper.

2. Related Work

The access cost-of most dynamic replication schemes
are calculate ed on the a ated read/write
_statistics and the chosen consistency control protocol
[6, 11, 15]. Consider the case of deciding whether to
replicate an object O on a site. Assume that R is the
average number of local read requests per time unit to
O on that site, and W is the average number of write
requests to O made by all users in the entire system.
Let « be the cost that can be saved if the object were
read locally instead of requested from a remote site,
and_g be the additjonal cost that must be spent for

maintaining a replica of J. Obviously, during a time
unit, o X R i3 the total cost that can be saved if a replica
of O is allocated on the site, and g x W is the total cost
that must be spent to maintain this replica. Based on
this cost model, we can determine that if e xR > SxW
then the allocation of a replica of O on the site is judi-
cious. On the other hand, if @ x R < 8 x W then it is
not cost worthy to do so.

Some other design dimensions have also been con-
sidered, such as the lower and/or upper limit on the
number of replicas of an object (8], as well as the ca-
pacity of a site [11]. To set the limit on the number
of replicas is to ensure certain level of availability with
bounded overhead. Another interesting design is to re-
quire that all replicas of an object reside on neighboring
sites [15]. This has the advantages of reducing replica
allocation and consistency maintenance cost. For ob-
jects with strong interdependency, it is sometimes bet-
ter to replicate the entire group of related objects at the
same time. This type of semantic information is used

in [9] to improve the efficiency of replication. Tt is also

~poé§ibie to formulate the replication problem from an
economy point of view, i.e. to consider replication as a
trade behavior. The servers are the trading parties and
the goods for trade are the data objects. Each server
can determine whether to buy or sell object replicas, or
decide whether to maintain, keep or discard the replicas
it has. Such decisions are made based on the data re-
quirement of the local users as well as the maintenance
cost to keep the replicas up to date. This approach is

taken by the replication subsystem of Mariposa [12].

To summarize, a dynamic replication scheme must
determine, among other things: (1) a consistency con-
trol protocol; (2) a cost model for estimating the access
and replica maintenance cost; (3) the replication struc-
ture; and (4) the replication control algorithm(s). The
scheme we proposed employs the primary copy model
and the ROWA (read-one-write-2ll) protocol for consis-
tency control, and an improved cost model upon ex-
isting dynamic replication schemes for cost estimation.
We do not place any limit on the level or placement of
object replicas.

3. System Model =

The active replication scheme was designed to work
in a wired/wireless LAN environment. Servers con-
nected by traditional fixed network are the sites for al-
locating and maintaining object replicas. Servers that
are capable of providing wireless communication ser-
vices are called mobile support stations (MSS). The ra-
dio coverage of a MMS is called a cell. Any computa-
tional device which is carried with a mobile user and
is capable of wireless communication is called a mobile
host. Each user has a. profile to keep track of the user’s
current location and related information. A hand-off
process is taken between two adjacent MSSs to ensure
seamless transition when users move from cell to cell.
This also implies that a MSS can detect any entrance
and exit of users into and out of its cell.

To simplify our algorithm design, we adopt the

popular primary copy model and ROWA protocol for
replica consistency control. In this model, we select,
among an object O and all its replicas (named O-
scheme), one as the primary copy (P(0)). The site
that maintains P{Q) must have all information about
“the replicas of O, including the number and locations.
"All sites that keep a replica of O must know where
P(O) resides. All reads to O can be satisiled by the
nearest copy of O; while all writes to O must be sent
to P(0) first and then propagate to all sites in the 0-
scheme for replica update. The cost of replica update is
proportional to the size of the O-scheme. We note that
more deliberate models and consistency protocols can
also be used with our framework. The detail of adopt-
ing other models or protacols, however, is not within
the scope of this paper.

4. The Active Replication Scheme

Qur method i upon existing dynamic repli-
cation schemes with i ign_toward mobile en-
vironment. We employ user profiles to record users’
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so that our algorithms can be tai-
closely as possible each individual
user's information requirement. For predicting future

read/write patterns
lored to satisfy as

we offer the opportunity for a user to
specify daily schedule as hints of the user’s mobility
pattern and data requirement. This is desirable in
practice since mobile users do not move at randoIn.
They often come t0 a location at & predetermined time
with a specific purpose in mind. Also the work a user is
currently engaged in has a strong relationship with the
data required. This is why a user’s daily schedule can
be served as valuable hints for predicting the future.

However, a user may not I strictly. In
for making repli-

WO past statistics
cw. In using the read/write histories, we

propose the concept of ope jects for bet: t esti-
write statistics

_mation. We select]
of only those objects that are currently in use or likely
to be WTM following sections

discuss detail of the active replication algorithms.

access pattern,

[
Ex
-4

4.1 System Information

User Profiles

User profiles are the places for declaring schedules and
maintaining per-user access statistics. A_schedule is a
declaration of daily activities. Each schedule entry de-
clares the time, location, and activity a user plans to do
with optional data objects requirement. A mapping is
performed i irement of
a le entry b considering, for example, character-
istics of the user, location, and activity. The default re-
quirement is unioned with the explicitly requested data
objects to form the :nformation requirement. Figure 1
is an example schedule in a hospital environment. An
asterisk signifies an emergency object which are uncon-
ditionally replicated. vswmt&abgm

_uigs%i’tx‘and access patterns. They have been
“used regularly to record our daily activities._Where we

are and »_do_have. a._strong relationship with
what we need for doing our job. method simpl
takes advan istin i i ving in-

_formation services. A user who appears at the right
place and time is called ™a user on schedule’. Qther-
wise, he/she is called "a user off schedule”.
‘he read /write histories are user’s access statistics
on data objects i 1 Since a user accesses
only part of the data objects at a time an ocation,
we_capture this characteristic by defining the concept
of_open objects (in a similar sense as open files) to be
Tis st of objects accessed since entering the current

citly in the current schedule

declared explicitly or impli

i for-a G5t on_schedule, the set of data objects
call aad, ToF & tser on_schedule, the set of data objects

Schedule of Dr. Taylor

Time Location | Activity & Objects
00:00 - 01:50 OR1 QOperation32
10:30 - 12:00 PD1 Qutpatient: ER3906*
14:00 - 16:00 MD3 Qutpatient: ER3906*
16:10 - 18:00 OR5 Operation36
21:00 - 21:50 PL1 Project24: PR2409
P.S.

DR: Delivery Room

OR.: Operation Room
ER: Epidemic Report
* . Emergency Object

MD: Medical Dep.
PD: Pediatrics Dep.
PL: Pathology

PR: Pediatric Report

i

s

Figure 1. An example schedule.

biects represents current and near future |
The information is used in calculat-

gata access range.
access cost when making replication decision.

Ing the

Replication Server

_A replication server must maintain information about

Wjﬁrepﬁcas, handle read requests
and replica update messages. The information about
local users includes user profiles and each user’s on/off
schedule status. For each data object, a server main-
tains an access record called local open.read which is
the sum of all read histories of local users having this
object opened. This is used for representing the read
pattern of the current cell toward the object. Since

“the past read histories of users who no lon e this
object opened are not qur algorithm is more
recise onsive & i tt

than algorithms that simply accumulate all the past
read requests to the object.

For a server that maintains a primary copy of 0,
a record of the current O-scheme must be kept up to
date. A global access record called global_open_write
is used to reflect the current write pattern to object
O in the entire system. This is the sum of the write
histories of all users who have the object opened.

Emergency Events and Objects

We allow the declaration of emergency events and
emergency objects for must-have objects that require
fast access. M
demands quiick response. n many application, domains,
“such events ¢ identified in advanced. An emer-
gency event usually has a set of default information
requirement that can also be identified beforehand.
Whenever such event occurs, the system uncondition-
ally replicates all emergency objects associated with
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that event. A user can also declare emergency objects
in his/her schedule. To provide emergency services,
a server must maintain a local emergeney_counter for
each object declared as emergent to count the number
of emergency events or claimed users to that object.
The object is replicated whenever the counter is greater
than zero.

System Evenis

Our algorithms are activated upon the occurrence of
certain events. The system events that trigger the
execution of the replication contzrol code include the
READ event, the WRITE event, the UPDATE event
(a server receives a consistency update message), the
ENTER/EXIT event {a user enters/leaves a cell), the
TIME-CHECK event (the system performs a peri-
odic check for replica management), and the EMER-
GENCY event (the occurrence of the predefined emer-
gency event). On each event occurrence, a correspond-
ing part of the replication control code is triggered.

4.2 Cost Model

Our cost model follows the basic idea of comparing
cost saving of allocating a replica with that of replica
maintenance cost (Section 2). The access cost is cal-
culated based on network transmission cost. A local
access does not incur any transmission cost while the
cost of a remote access is counted as the network dis-
tance between the current site and the nearest site with
areplica of the desired object. If the distance is d, then
the cost per access that can be saved from allocating

a replica in the current site is d. Similarly, M__

tra cost of maintaining the replica on each update is
also d simce the message is propagated from the near-
est site in the O-scheme. If a replica of O is allocated
in the current site, then the total saving per time unit
is d x local_open._read, while the extra replica mainte-
nance cost is d x global_open_write. Naturally, when
d x local_open_read > d x global open_write (or equiv-
alently, , localopen._read > global_open_write) it is
beneficial to have a replica in the current site. Other-
wise it is not cost worthy to do so.

4.3 The Replication Algorithms

For ease of presentation, we define the following
symbols:

e Oy,...,0 are the data objects in the system.

e Bi,..., B, are the base stations in the system.
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I READ Algorithm o
When (the event U; reads O; occurs at By)

{

If (O, is not an open object of U3)

Add Oj to the list of open objects of Us;
local_open ready; += readij;
global open_write; += writej;

}

read;; += 1
localopen_ready; +=1;

If {no local replica of+Q; exist) and
(local_openreadi; = global open_write;)
Allocate a replica of O; and inform P(0;);

}
Figure 2. The READ Algorithm.
e Ci,...,Cy are the corresponding cells.
¢ U1,...,Un are the mobile users in the system.
e Pi,...,Pn are the user profiles.
e Si,..., 5, are the user schedules.

We use local_open_ready; to dencte the local open
read record of Bp on object Oj. Similarly,
global_open_write; is the global open write record of
the object O; maintained in P(O;). The local emer-
gency counter of By on object 0O; is represented by
local_emergency couniery;. We also use read;; and
write;; to denote the read and write histories of U; on
object O;. Both of these records-are maintained in 5.

Fach server runs an event detector to detect the
occurrences of system events described in Section 4.1.
Based on the event type, the corresponding replication
control module is triggered and executed. There are
eight modules for handling different types of situations.
The algorithms used in each module are presented in
Figure 2 through 9.

5. Simulation and Comparison

We have developed a mobile information system
Sitilation environment which allows us to model and
experiment on various network copfigurations, user mo-
bility and erns, We compare the perfor-
mance of five representative replication schemes:(1) No
replication, (2) static replication, (3) dynamic data al-
location [14}, (4) adaptive data replication (15], and our

_
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[ WRITE Algorithm |
When (the event U; writes O; oceurs at By)

If (O; is not an open object of Us)

Add O; to the list of open objects of Uy;
local_open_ready; += read;;
global open_write; += writes;

}

write;; += 1;
global_open_write; +=1;

)

Figure 3. The WRITE Algorithm.

EXIT Algorithm B

r UPDATE Algorithm

When (the event that U; exits C occurs)

For all open objects O; of Us

{
Remove O; from the open objects of U; ;
local .open_ready; -= reads;;
global open_write; -= writes;;

If (O; is an emergency object requested)
local_emergency-counterg; -= 1

If (O; has a replica in the site) and
(local_emergency counier; =0) and
(local open._ready; < global open_write;)
Discard the replica of O; and inform P(0;);
}
}

When (an update to a replica of O; occurs at B:)

If (local emergency-countery; = Q) and
(local_openready; < global open._write;)
Discard the replica of O; and inform P(Oj);

}

Figure 4. The UPDATE Algorithm.

[ ENTER Algorithm

When (the event that U; enters C\. occurs)
If (U; is on schedule)
For all O; required in S;

Add O; to the list of open objects of U
local open_ready; += readi;;
global_open_write; += writeg;

If (0; is an emergency object)
local_erergency-countery; += 1;

If (no local replica of O; exist) and
{(local open_ready; > global open_write;) or
(local emergency-couniery; > oy

Allocate a replica of 0; and inform P(0;);

Figure 6. The EXIT Algorithm.

[ TIME CHECK Algorithm !

When (a local time-check event occurs)
q
For each local U;
If (the on/off schedule status has changed)

call EXTT Algorithm for U;
call ENTER Algorithm for U;

}
}

}

Figure 7. The TIME CHECK Algorithm.

EMERGENCY ENTER Algorithm

|

When (an emergency event occurs at By)
For all O; required in the emergency event
local_emergency countery; +=1;

If (no local replica of O exdist)
Allocate a replica of O; and inform P(0O;);
}

}

Figure 5. The ENTER Algorithm.

Figure 8. The EMERGENCY ENTER Algo-
rithm.




[ EMERGENCY EXIT Algorithm
When (an emergency event is over at Bx)

)

For all O; required in the emergency event
local emergency countery; -= 1;

If (local emergency counters; = 0) and
(local open_readr; < global_open_write;)
Discard the replica of O; and inform P(0;);

}
}

Figure 9. The EMERGENCY EXIT Algorithm.

{5) active replication algorithm. For each scheme, we
measure the average access cost (both read and write),
average response time (for read request), and average
local availability of data. Both the access cost and re-
sponse time are computed based on network distance.
The local availability is the percentage of read access
that can be satisfied locally. Because of the space limit,
we only present the results on access cost and local
availability.

We classify sites and data objects into classes. An
access class i3 a set of objects that are routinely ac-
cessed by some fixed set of users. A location class 18
a get of sites that are constantly visited by some fixed
set of users. Fach user is assigned an access class and a
location class to represent his/her access practice and
mobility range. The variation of user behavior is con-
trolled by the following parameters: (1) movement lo-
cality (the probability of moving within location class);
(2) access locality (the probability of accessing within
access class); (3) schedule conformability (the degree to
which the user’s actual behavior follows his/her sched-
ule); (4) write ratio (the ratio of a user’s write requests
with respect to all requests). We have conducted 2
variety of simulation on different setting of the param-
eters. For each set of experiment, we varied one of the
parameters while keeping others fxed so as to isolate
the effect of the former.

5.1 Movement Locality

From Figure 10, it can be seen that the higher the lo-
cality the lower the average access cost. This ig because
when the users tend to move within a fixed area, most
replicas are allocated around that area which results
in lower access and replica maintenance cost. Higher
movement locality also results in higher local availabil-
ity (Figure 11). When the locality is low, however, our
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active replication scheme i3 the only one that can still
maintains a good level of data availability. This is due
to the use of schedule and predictive replication.

5.-2 Access Locality

It can be observed from Figure 12 that the higher
the access locality the lower the average access cost.
Stronger locality implies a more stable access pattern.
This is advantageous to all replication algorithms, even
for the case with no replication (since the initial dis-
tribution of data is also made according to the access
class partition). From Figure 13 we can see that except
for no replication, all algorithms achieve higher avail-
ability when the users reveal stronger access Jocality.
For both set of experiments, our algorithm performs
consistently better than all other algorithms.

5.3 Schedule Conformability

From Figure 14 we can see that schedule conforma-
bility does not have significant impact on all five algo-
rithms. This is conceivable for algorithms which do not
employ schedule. For our algorithm, a user conforms 0
his/her schedule simply means he/she shows up at the
right place and time. 1t does not place any constraint
on the objects accessed by the user. Remote access 18
still allowed. Furthermore, access COst includes write
cost. Therefore schedule conformability does not have
a strong impact on access COSt. The situation is dif-
ferent, however, for local availability (Figure 15). For
other algorithms, schedule conformability has no effect.
For active replication, we observed higher local avail-
ability with higher conformability. This is a successful
demonstration of the benefit of using schedule.

5.4 The Effect of Write Requests

From Figure 16, all algorithms incur higher access
cost when the write ratio is higher. The impact is es-
pecially evident on static replication. When the write
ratio approaches 100%, the average access cost, of static
replication becomes very high since all replicas in-
cur only consistency maintenance overhead. Dynamic
replication schemes, however, are capable of discarding
replicas that are no longer beneficial. When the write
ratio approaches 0% (i.e. close to read-only access pat-
tern), the cost calculation of three dynamic replication
schemes almost always results in positive decision and
thus a nearly fuil replication situation. In such case,
most tead requests can be satisfied locally, resulting
in very low access cost. Local availability is also af-
fected significantly { Figure 17). The higher the rasio
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schemes with varying movement locality.
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Figure 11. Average local availability of five repli-
cation schemes with varying movement locality.

the lower the availability since the reduction of replicas
increases the percentage of remote access.

6. Conclusions and Future Work

- Traditional replication schemes are passive in na-
' t/ufﬁa/ngge[lxmnsider the characteristics of mobile
- environment.| We have proposed a dynamic replication
- heme that actively provides replication services for
| mobile users. | With more precise and responsive cost
" model, as well as the help of schedule,Jour scheme suc-
¥ cessfully demonstrates its ability to reduce access cost,
improve response time, and achieve high local availabil-
%, ity.|The implementation of our scheme calls for careful
. conisideration of several issues such as the maintenance
of access histories and user profiles, the selection of pri-
mary copy, the limits on the number of replicas, clock
synchronization for periodic time check events, and the
possible adoption of other cost models. { The perfor-
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cation schemes with varying access locality.
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Figure 15. Average local availability of five repli-
cation schemes with varying schedule conforma-
bility.
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Figure 16. Average access cost of five replication
schemes with varying write ratio.
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Figure 17. Average local availability of five repli-
cation schemes with varying write ratio.

mance of our algorithm can be further improved if the

replication scheme is integrated with other mechanisms
such as caching, prefetching, and data broadcasting.j
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