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Using LISREL to Measure the Impact
of Information on Development:
London Site Pilot Study

J. Tague-Sutcliffe, L. Vaughan, and C. Sylvain’
Introduction

This paper reports the result of a pilot study conducted at the University
of Western Ontario in London, Ontario, Canada. The pilot study is part of a major
project called "Measuring the Impact of Information on Development: A Path
Analysis Approach" (Tague-Sutcliffe et al. 1994) funded by the International
Development Research Centre (IDRC). The principal goal of this project is to
perform an exploratory study of the feasibility of quantitatively measuring the
impact of information on development. It follows a recent initiative by the
Information Sciences and Systems Division of IDRC that aims to develop a "...
set of tangible criteria by which the relevance or impact of information on
development can be measured" (Stone 1993, p. 53).

Although the role of information programs and services on development
is undeniable, there is little hard evidence linking information investments and
levels of information activities to specific socioeconomic impact and development
objectives. The IDRC program seeks to fill this gap by the development of
models, based on valid qualitative and quantitative indicators, of information
impact.

Following a series of workshops and discussions, a general framework for
impact assessment, based on Griffiths and King (1993), was developed in a
monograph (Menou 1993). The preliminary results reported here make more
concrete some of the directions proposed in this book.

The general objective of the project is to develop and test a mathematical
model that will indicate, for each of a set of input variables, their relative
importance in accounting for the variation in a set of output or impact variables.
As well, the model may incorporate latent variables, not directly observable, which

'Graduate School of Library and Information Science, University of Western Ontario,
London, Ontario, Canada N6G 1HI.



mediate between the input and output variables. The main study is to investigate
the impact of information on small businesses in Shanghai (China).

This sector of the economy was chosen because, as in most Westemn
economies, it is currently booming, We have gained support and cooperation from
the Institute of Scientific and Technical Information of Shanghai, where the actual
data collection and analysis will be carried out in the Fall of 1995. To gain
experience with the methodology before using it in China, we conducted a pilot
study in London, Ontario.

The London Project

The small business sector in Canada has become a key to its economy.
Taken together, the small business sector now accounts for about 40% of Canada's
gross domestic product (GDP) and employs more than half of the private sector's
total workforce. Furthermore, it is responsible for a quarter of all sales, a third of
all profits, and a fifth of all assets (Small Business Working Committee 1995).
In this initial phase of the study, the impact of information on small businesses in
the London area was investigated.

The input variables we are interested in relate primarily to different sources
of information used by those who are operating a small business. We need to
identify, however, the other major factors that contribute to the variation in the
impact (output) variables.

The output variables describe the success of the business, or its
contribution to the local economy. The literatures of business, management, and
information science contain few empirical studies specifically devoted to
information factors in the success of small business. A number of studies have
identified that factors such as innovation, know-how, creativity, and management
competence play important functions in the success of small business (Chaganti,
1983). Other influences on business success include firm size, corporate status, and
industrial sector (Tiggles and Green 1994).

In a survey of small manufacturing firms in Canada, Chaganti (1983)
concluded that factors such as identifying a market niche and balancing quality
with cost were also key factors for success. Clearly, many of these factors carry
an information overtone. In fact, improving access to information, particularly
through the Canadian network of Small Business Service Centres, was one of the
key recommendations recently made to the Canadian government by a specially
formed committee (Small Business Working Committee 1994).

To identify which variables were relevant to our pilot study and determine
their potential interactions, we consulted with a number of experts: G. Stewart and
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J. Kinsella, Small Business Centre (London), P. Tripp, Head of Business
Information Services, London Public Library (LPL); Prof. R. Knight, Western
Business School; and Professor P. Kantor, Rutgers University. This consultation
process lead to the design of a mathematical model to be tested and of a survey
instrument used to collect information about these variables from a sample of

small business owners in London.
Methodology

The main methodology (or mathematical model) used in this study is
LISREL. LISREL is an acronym for the Llnear Structural RELations model.
Properly speaking, LISREL is a computer program that analyzes covariance
structures, but the widespread use of the LISREL software has identified the name
of the program with the statistical procedures it performs. It is considered the most
general method for the analysis of causal hypotheses or covariance structure
models on the basis of non-experimental data. LISREL for Windows (v. 8.12) by
Scientific Software International (Chicago, Illinois) was used in this study.

LISREL has been used widely in fields such as sociology and psychology.
So far, there have been few studies in information science. For example, Auster
and Lawton (1983) used a path-analysis approach to study the relationships
between the interview techniques with users of online bibliographic retrieval
systems, the amount of information gained by the users, and their ultimate
satisfaction with the quality of the items retrieved.

In a different vein, path analysis was used to model the influence of
various factors on the attitudes of users toward management information systems
and their associated processes, products and services (Joshi 1992). Similarly,
Baroudi et al. (1986) used questionnaire data to investigate the causal relationships
between user involvement, usage of an information system, and user's satisfaction
of the system using path analysis.

The LISREL methodology involves a number of steps:

. Identifying variables to be used,

. Collecting data on these variables,

. Developing the model,

. Testing the model against the data, and

. Revising the model if necessary and retesting it.

Variables identified in the London study will be discussed in detail later
in the paper (see Appendix A for a list of variables). Data for these variables were
collected through the use of a questionnaire.
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Data Gathering and Coding

There are many ways to define a small business. One of the most common
is by the number of employees. In Canada, small businesses are generally held to
be enterprises with fewer than 100 employees in the manufacturing sector and
fewer than 50 in services. In the current study, businesses located in London, and
the immediate vicinity, with 50 employees or less were included in the sample.
Based on the list of variables shown in Appendix A, a questionnaire was designed
(see Appendix B) and mailed to a total of 982 small businesses in London.

The mailed package included a covering letter and self-addressed, stamped,
return envelope. A second envelope was also included to allow participants who
wished to receive a report of the main findings of the study to identify themselves.
For ethical reasons, the participants were guaranteed anonymity and their
identification on the questionnaire was optional.

The sampling frame consisted primarily of two databases of businesses in
the London area, made available in electronic format to the researchers by the
Economic Development Office of the City of London. A stratified sample of 919
small businesses was systematically extracted from the two databases (mounted
on Microsoft Access, a database management software). This initial sample was
augmented by the recruitment of 37 participants at a Small Business Fair (held in
March 1994 at the Main Branch of the London Public Library - LPL), by scanning
the Business Section of the London Free Press in the months of March and April
1994 (5 participants), by placing an ad in the HomePreneur, a local bulletin for
small business owners (2 participants), and, finally, by directly distributing
questionnaires to users of the Business Section at the Main Branch of LPL (19
participants).

From 21 April to 22 June 1995, 184 valid questionnaires had been
returned. Another 28 had to be discarded because they were undeliverable (e.g.,
wrong address). Four returned questionnaires had to be excluded because they did
not meet the definition of small business used in this study (50 employees or less).
The adjusted return rate of 19.29% should be considered quite acceptable for a
study of this type. Follow-up with the mailing list, had it been approved by the
Ethics Review Board of the University of Western Ontario, might have improved
the return rate.

Responses were anonymously coded and entered into an electronic data file
using Microsoft Excel 5.0. Simple data screening (e.g., frequency distributions)
was performed using PRELIS 2.12a (by Scientific Software International, Chicago,
Illinois), a companion application software to LISREL. The frequencies for each
answer are reported on the questionnaire in Appendix B. Values for all continuous
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variables were recorded as on the questionnaire. Answers to ordinal variables were
coded: 1 for Never Use, 2 for Sometimes Use, and 3 for Frequently Use. Missing
values were coded as 99 and answers that were not applicable were coded as 88.

Two of the most common problems with the data were answers in-between
categories and multiple selection of categories for a given question (e.g., answer
with both Sometimes Use and Frequently Use). These problems are partly because
of the small number of possible answers given in the questionnaire (e.g., Not
Important, Somewhat Important, Very Important). This can be remedied by
providing more choices of answers in future questionnaires (e.g., Likert scale).

Some questions also proved to be too sensitive. For example, only 48
participants (26% of the total) chose to indicate their profit margin. The wording
of some questions was also problematic. For example, the profit margin question
(Question 7) was unclear as to whether we meant net or gross profit margin.

A more general issue concemns the respondents’ position in their respective
organizations and thus the reliability of the data collected. The questionnaires were
sent out to the contact person identified by each firm in the sampling frame. In
most cases, given the size of those businesses, these contact people will actually
be the owner or the president (or other similar role) of the business. In a larger
business, however, it is possible that the person filling out and returning the
questionnaire may not have access to all company records. Although we can
assume that a contact person has the authority to find out the correct information,
the risk exists for incorrect information. This would be particularly problematic in
the study of larger organizations in which case, the choice of the entry point
would be a determinant for the quality of the data collected.

Data Analysis Using The Lisrel Model

There are two basic types of variables in LISREL, the latent variables are
represented by ovals and the observable variables by rectangles in Figure 1.
Latent variables are those that are formulated in terms of theoretical or
hypothetical concepts, or constructs that are not directly measurable or observable.
Observable variables are those that are directly measurable or observable and can
be used as indicators of latent variables. In other words, latent variables are
represented or measured by observable variables. Variables on the right side of
Figure 1 are dependent (or output) variables, e.g., success is the dependent latent
variable and PROFIT, INCREASE, and LENGTH are the dependent observable variables.
Variables on the left side are independent (or input) variables. LISREL integrates
both latent theoretical concepts and observed or measured indicator variables into
a single structural equation to study the causal relationship among the variables.
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Fig. 1. A hypothetical model.
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To illustrate the meaning of LISREL, let us consider the hypothetical
model in Figure 1. This model states that business success ("success" oval in the
graph) is caused by type of business ("type"), business environment ("busienvi"),
and use of information (“info_use"). Each of these is a latent variable, which is
measured by one or more observable variables. For example, the latent variable
"success" can be measured by the profit margin ("PROFIT" rectangle in the graph),
percentage increase in employees ("INCREASE"), and length of time in business
("LENGTH"). Lines pointing from independent latent variables to dependent latent
variables are called paths.

Once data are collected on all the observable variables, LISREL will
estimate the path coefficients that indicate the magnitude of the contribution of
each independent latent variable to the dependent latent variable. In this example,
path coefficients will allow us to assess the impact of information on business
success when the contributions of other factors (e.g., business type and business
environment) are considered together with use of information. LISREL will also
tell us whether the path coefficient is statistically significant or not, that is,
whether 1t 1s a true causation or is just a coincidence in the particular data we
collected.

Findings: Path Analysis Models

QOur original LISREL model is shown in Figure 2, which contained 32
observable variables and seven latent variables. Because of the restriction of
presenting the model on a single page, not all the observable variables are listed
here. For example, there are five observable variables to measure the latent
variable "use of formal information" ("formal” oval in Fig. 2), but only two of
them are presented in the graph (LPL for London Public Library and SBC for
Small Business Centre). The "...." sign between the LPL rectangle and the SBC
rectangle means that there are observable variables being omitted here. The same
applies to "informal" and "infokind" latent variables in Figure 2. Please see
Appendix A for a complete list of all the observable variables. Most observable
variables here correspond to a particular question in the questionnaire.

It was soon realized that we do not have enough data points to test a model
with so many variables. Thus, we deleted and combined some variables to achieve
a more parsimonious that which has 10 observable variables and four latent
variables as shown in Figure 3. For example, we deleted latent variable "type" and
the corresponding observable variable "3 TYPES’ because LISREL cannot deal with
nominal data.
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We deleted observable variable "PROFIT" because only 26% of people
answered this question. Some variables were combined to form a composite
variable by taking the arithmetic average of original scores. For example, latent
variables "use of formal information" and "use of informal information" in Figure
2 were combined into a single latent variable "info_use" in Figure 3. This latent
variable is measured by two observable variables "FORMAL" (use of formal
information) and "INFORMAL" (use of informational information). Data on this
combined variable "FORMAL" were obtained by taking the average of the five
original variables (use of London Public Libraries, Small Business Centres,
Internet, statistics, and newspapers, etc).

LISREL theory, however, and the test results of this revised model suggest
that there are still too many variables in this version considering the number of
data points we have (total 164 effectively used by LISREL). After several attempts
at further combining variables and retesting the model, the model either did not
converge, or converged into a nonadmissible point meaning that the model is not
successful.

The estimated parameters (e.g., path coefficient, which will indicate the
contribution of information to business success) produced by LISREL is not
provided in this paper because these data are not meaningful when the model
converged into a nonadmissible point. The path coefficients, therefore, on the
Figures 2 and 3 are all zeros rather than the actual figures. The chi-square value
and its significance level were not reported in this paper either for the same
reason. We decided not to combine variables any further to fit the model because
it will render a meaningless model from a research point of view, although the
model might fit data statistically.

Experience Gained in the London Pilot Study

Although the London pilot study was not very successful, we gained a
large amount of experience that can be summarized as follows:

. Business success is an extremely complex phenomenon involving
many variables. A simplified model using fewer variables will not
capture the true causal relationships intended to be examined by
Models with more variables, however, require significantly more
data. Larger numbers of data points are need for ordinal data (data
typically collected in survey questionnaires). Use of the LISREL
model, therefore, is not recommended unless large amounts of data
are available. Even larger amounts of data should be available if a
questionnaire is used to collect data.
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v Nominal data are not allowed in LISREL (i.e., at least ordinal scale
data are needed). Thus "yes" or "no" questions, which are
frequently used in questionnaires, should be avoided.

. Determining the appropriate output variables (indicators of business
success in this study) is extremely important for the LISREL model
to work. This is also a very difficult task. The lack of success of
the London pilot study is partially because of the inappropriate
output variables. For example, the variable "profit margin," which
is probably one of the most important indicators of business
success, was not included in the final version of model because an
insufficient number of data points were available for this variable.
(It is understandable that a lot of people chose not to answer this
question because of its highly sensitive nature.)

Tentative Plan of the Shanghai Study

In light of the experience gained in the London pilot study, the Shanghai

study will:

. Increase sample size. It will aim at 400 data points, which is more
than twice that of the London pilot study.

. Include more effective business success variables, such as increase

in fixed assets of the business.

. Limit the study to the manufacturing sector to reduce the factors
involved and, therefore, simplify the model. It will also make
comparisons of individual businesses more meaningful.

. To increase the return rate of sensitive data such as profit margin,
ordinal rather than ratio data will be collected. That is, rather than
asking for the actual profit margin figure, we will ask interviewees
to indicate whether the profit margin is excellent, good,
satisfactory, etc. This of course will compromise the accuracy of
the data in these variables. It is necessary, however, to ensure the
availability of data.

. Pretest the questionnaire instrument to improve its quality, thus
reducing the possibility of unclear questions. Increase the
measurement scale for ordinal variables from three to seven (i.e.,
interviewees can choose from seven categories of answers rather
than three).

. To increase the return rate, the questionnaire will be followed by
a telephone call to encourage participation.
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Mr Han-dong Wang, a researcher from the Institute of Scientific and
Technical Information of Shanghai, is visiting our research team in London (June
~August 1995) to gain firsthand experience with LISREL methodology and help
in the planning of the Shanghai study, which is currently under active discussion.

"Because this is an exploratory study, we cannot expect that the final result
will be a clear cut determination of the exact, quantitatively determined, impact
of information on the outcome variabie” (Tague-Sutcliffe et al. 1994, p. 11). The
difficulties we encountered in the London study confirmed this original estimation
in our project proposal to IDRC. With our experience in London behind us, we
hope to achieve a better result in the Shanghai study. Because of the difficult
nature of this endeavour, however, we should not set our expectations too high.
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Appendix A:

List of Variables

Variable Description Label (in Fig. 2)
01 Business type 3 TYPES
0I Technological developments TECHNO
o)1 Exchange rate EXCBANGE
(021 Interest rate INTEREST
0)1 Customer base CUSTBASE
Ol Availability of financing FINANCE
o) Location LOCATION
6)1 Employees expense EMPLOYEE
o1 Employer's expense EMPLOYER
Ol Friends, relatives, business people Omitted in Fig. 2 as "informal"
o)1 Customers Omuitted in Fig. 2 as "informal"
01 Consultants, lawyers, accounts Omitted in Fig. 2 as "informal"
o) Statistics Canada, governmental pub's Omitted in Fig. 2 as "formal”
01 Newspapers, mag's, trade pub's Omitted in Fig. 2 as "formal"
01 Internet Omitted in Fig. 2 as "formal"
01 London Public Libraries LPL
01 Small Business Centre SBC
0)1 Business clubs, trade conventions CLUB
Ol Banks and financial agencies BANK
0] Financing your business FINBUS
Ol Markets, customers Omitted in Fig. 2 as "infokind"
(0) Suppliers Omitted in Fig. 2 as "infokind"
Ol Government regulations Omitted in Fig. 2 as "infokind"
Ol Management skills Omitted in Fig. 2 as "infokind"
6] Technology Omitted in Fig. 2 as "infokind"
Ol Writing a business plan Omitted in Fig. 2 as "infokind"
Ol Selling skills, motivation Omitted in Fig. 2. as "infokind"
LI Types of business: measured by

3 TYPES type
LI Environment measured by: TECHNO,

EXCHANGE, INTEREST,

CUSTBASE, FINANCE, LOCATION environ
LI Expertise measured by: EMPLOYEE,

EMPLOYER expertis
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LI Formal information sources measured

by: LPL, SBC (and 3 others

not included here) formal
LI Informal information sources measured

by: CLUB, BANK (and 4 others

not included here) informal
LI Kinds of information measured by:

FINBUS (and 7 others) infokind
LD Success of business measured by:

all latent independent variables success
oD Profit PROFIT
0D Increase in number of employees

from start-up until now INCREASE
OD Expectation of being in business

a year from now PROSPECT
oD How long in business (in years, from

start date until 1995) LENGTH
Note:

01 = Observed Independent
LI = Latent Independent
LD = Latent Dependent
OD = Observed Dependent
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Appendix B:
Questionnaire Used for Data Collection
and Frequency Distribution’

Measuring the Impact of
Information on Small Businesses in London

A Questionnaire
A study conducted by the
Graduate School of Library and Information Science

University of Western Ontario

Your responses to this questionnaire will be used to analyze information
sources used by London small businesses. Your company will not be identified in this

process.
I Our first questions are about the size and scope of your business.
1. When did you start your business? Median=1985

2. What type of business do you have?

Manufacturing 10.6%

Retail 7.8%
Service 44 7%
Other 35.8%

Please, specify:

3. How many full-time employees do you have now? Median=4

4. How many full-time employees did you have at start up? Median=1

?Only the first part of the questionnaire is included here. The second part was used
to collect some qualitative information on the use of London Public Library services.
These data have not been used in the study reported in this paper. This appendix also
includes the frequency values (in percentage) obtained for each answer (total number of
cases is 184). Note that the total for each question does not always add up to 100%
because of missing values.
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5. Approximately how many hours of part-time employment did your business provide
last year? Median=275 hours

6. Did you make a profit last year?

Yes 62.6%
No 32.4%
If yes, do you mind telling us your profit margin? Median=10%

7. Do you expect to be in business a year from now?

Yes  93.9%
No 2.2%
11 We are interested in the information you use in running your business.

1. How often do you use each of the following sources of information?

Source of Never Sometimes Frequently

Information Use Use Use
Frniends, associates, relatives 2.8 46.4 48.6
Suppliers 78 40.8 49.7
Customers 5.6 413 520
Consultants,lawyers, accountants 16.2 63.1 19.6
Banks, other financial agencies 352 52.0 11.2
Newspapers,magazines, trade pubs 8.9 553 358
Stats Canada, other govt. pubs 60.9 29.6 7.8
Trade associations, business clubs 29.1 525 173
Internet 78.8 16.2 2.8
London Public Libraries 56.4 324 10.1
Small Business Centre 82.7 134 2.8
Other 123 22 6.7
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2. Please tell us, for each of the following kinds of information, how important it is:

Kind of Not Somewhat Very
Information Important Important Important
Financing your business 21.2 335 43.0
Markets, customers 34 17.9 74.9
Suppliers 14.5 34.6 49.7
Government regulations 12.3 475 374
| Management skills 11.7 34.1 514
Technology 7.8 31.8 58.7
Writing a business plan 30.2 453 212
Selling skills/motivation 14.0 35.2 50.3
Other 7.8 0.0 39
I What other factors have been important in determining the success of your
business?
Factor Not Somewhat Very
Important Important Important
Availability of financing 26.3 33.5 36.9
Location 38.5 35.2 23.5
Existing customer base 6.1 18.4 74.3
Technological developments 16.8 47.5 33.0
Exchange rate 60.9 24.6 12.8
Interest Rate 40.2 352 22.3
Your Expertise 0.6 8.9 90.5
Emplovees’ expertise 11.2 15.6 69.8
Other 45 0.6 6.7
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