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P. S. ROSS S. PAPITNERS 
MANAGEMENT CONSULTANTS 90 SPARKS STREET, OTTAWA KIP 5B4, CANADA, 236-9662 

March 27, 1975 

Dr. G.Y. Tremblay 
Assistant Secretary 
Resources and Information Branch 
Ministry of State for Science 8z Technology 
Room 1221 Martel Building f 

270 Albert Street 
Ottawa, Ontario 

Dear Dr. Tremblay: 

We are pleased to submit our report on "The Development of a 
Science Policy Information System at.the Ministry of State for Science 
and Technology". This report describes the requirements for policy 
information in the ivlinistry and outlines our suggested approach to 
providing a computerized document storage and retrieval capability. 
Additionally, we have developed a work program for the implementation 
of such a system at the Ministry. 

In submitting this report we wish to thank the Ministry for the 
co-pperation extended to us, and in particular to the assistance provided 
by Drs. Quadling and Guttormson. 

We have appreciated this opportunity of working with you on 
the first phase of this program to develop a computer based documentation 
storage and retrieval systen-i and look forward to being of continued 
assistance to you. If you wish to discuss any aspect of this report or 
the work it represents, we will be pleased to do so at your convenienee. 

Sincerely, 

P.S. ROSS & PARTNERS 

A.P. Bogie 
Principal 

HALIFAX 	QUEBEC 	MONTREAL 	*OTTAWA 	TORONTO 	WINNIPEG 	CALGARY 	EDMONTON 	VANCOUVER 
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1 . 

I. INTRODUCTION  

The Ministry of State for Science and Technology was established 
in 19 71 for the purpose of assessing and developing policies for the 
Canadian Government in the fields of science an.d.technology. Since that 
time, the Ministry has evolved through a series of organization formats 
to the present structure which comprises the following principal 
functions: 

Policy Formulation • 

Program Review and Assessment 

Resources and Information 

Personnel, Finance and Administration 

The Resources and Information Branch includes, among its respon-
sibilities, a role in the functions of policy making and review and assessment. 
As part of this responsibility, the Branch recently undertook a preliminary 
review, of the requirement for computer-based systems to support 
inforn.lation roquiro5.-nont:1-  with.in. the .Ministry. This review involved 
preliminary research of the types of information within the Ministry 
that were appropriate for some form of mechanized storage and retrieval, 
along with an exploration of the types of approach that could be con-
sidered in such a computerization process. This research resulted 

- in a decision to undertake a ri-iore complete study of the feasibility and 
approach to a computer-based information storage and retrieval system, 
and accordingly, P.S. Ross & Partners was asked to undertake the 
work. 

It is env.  isaged that such a system initially will meet internal 
Ministry needs and provide prompt access to a broad range of Ministry 

data related to the development, monitoring, and understanding of 
policy related topics in Canada and around the world. It is foreseen ° 
that the system subsequently will be made available for use by other 
federal governme.nt departments, providing them access to selected 
information and facilitating the creation of th.eir own collections of 
policy related information. 

Other parts of the information coordination process relate to 
the provision of information available from external sources including 
other library collections, statistical data, and data analysis services 
provided by agencies such as Statistics Canada. 

P. S. ROSS a PARTNERS 



2. 

Our work has involved an examination of the nature of the data 
flowing into the Ministry, and has identified a number of such data 
sources including federal government departments, provincial govern- • ,• 
n•-ients,  indus  try  'organizations, universities, research organizations, 
and foreign governments. Further, we have conducted interviews with 
a significant number of senior professional staff in the Ministry to 
gain an appreciation..of their functions and of their .  storage and retrieval 
requirements. Additionally, consideration bas been given to the planned 
availability of thé PDP-11/ 45 computer as a basis for supporting this 
s ystem. 

This report describes the scope of the work con.ducted, and the 
requirements of Ministry users. A review of systems that would 
reasonably satisfy these requirements is provided and followed by our 
recommendations. 

Finally, the report outlines a suggested plan for establishing 
such a capability for the Ministry and provides some prelimin.ary estimatès 
of the related costs and timing. 

P. S. POSS.& PARTNERS 



3. 

II. OBJECTIVES  

The objectives of this study are: 

To determine general systems requirements of the 
Ministry in regard to the filing and retrieval of science 
policy information; 

To identify the systems available to meet immediate n.eeds; 

To identify costs of alternative systems; and, 

To outline the activities involved in the implementation 
of su.ch systems. 	 • 

P. S. ROSE  G. PARTNERS 
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III. POLICY INFORMATION REQUIREMENTS  

A major part of our work program focused on the users 

of information in the Ministry. Accordingly, an extensive 
interview program was undertaken with some twenty senior 

managerial and professional staff. The interviews  were designed 

to obtain a good understanding of the functions of each user and 

his perspectives, the kind of documentation and material available 

to him and the Way it is used. During the course of each interview, 

we attempted to prompt the users with ideas and to elicit suggestions 

on alternative approaches to satisfy anticipated future requirements . 

As a result of this work, we have been able to draw some 

conclusions on the nature of the major categories of information 

and documents required by the Ministry personnel. This section 

of our report documents ou.r analysis of requirements, and 

provides an assessment of the resulting implications. 

A. INFORMATION REQUIREMENTS  

Our analysis of information and documents u.sed by the 
lvlinistry dete-rnained--that the-re--are two---broad- classe-s of-infùrrnat -)ii - 

available to the Ministry: 

(i) Documents filed or retained at the Ministry; and 

- 
(ii) Documents available from external organizations. 

The various categories of documents and materials are 

described briefly in the following su.b-sections. 

1 . 	General Documents 

This category embraces a range of documentary 

material processed by the Ministry including 

memoranda, letters, position papers, cabinet 

decisions, policy statements, and press releases. 

The materials are derived from the activities of 

various science and technology groups in the 

federal and provincial  governments, universities, 

industry  and  private sector grou.ps. The volume 

P. S. ROSS S. PARTNERS 



of such materials in the Ministry is considerable 
and concerns were expressed by many individuals 
that it was becoming increasingly difficult to be 
fully aware of all such documents available in the 

Ministry. 

Z. 	Personal Data Collections 

Many of the types of material in this broad class of 
information are available as part of personal files, 
data collections, or personal knowledge. In certain 

cases the systems are quite extensive and comprise 

a useful collection of selected documents. _ 

3. 	Scientific Activities  

This 'category of information relates to the knowledge 

of scientific activities in Canada (including such items 
as research programs), and the level of expenditures 
associated with them. These science and technology 

activitie.Q relate to_federal and pr2vincial governme.nt 
programs, private industry programs, and bilateral 
programs where other countries may be involved. 

The information is required to support the policy 

formulation and review and evaluation processes of the 

Ministr-y. 

Policy Inventory  

Knowledge of existing policies in federal and provincial 

governments emerged as an item of significance in 
policy formulation activities. The knowledge of such 

policies assists the Ministry in the avoidance of 

conflicts in policies under development and in the 

identification of areas where policies are indistinct or 
non-existent. 

S. 	International Informatio' n 

The Ministry policY formulation processes require that 
information on the policies of foreign governments and other 

organizations be available. It would also be beneficial to the 
Ministry to understand the framework within which foreign 
policies are developed. Additionally, the policy makers 

5. 
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and the Ministry must be aware of decisions taken 
by international organizations such as the UN and the 
OECD which may impact on Canadian policy, and 

must also be aware of the related view points of key 
grou.ps within these organizations. 

6. 	Who's Who  

• This category of data refers to key persons and key 

organizations involved in specific functional areas of 

science and technology who are involved in the policy 

formulation process. Availability of the names of 

• these people and their areas of relevance is particularly 
useful to individuals new to the organization. 

7. Quantitative Data 

This requirement is for access to quantitative data collected 
by other departments and agencies such as Statistics Canada, 
both directly and on behalf of the Ministry. MOSST accum-
ulates and analyzes financial data on federal departmental 
programs in the area of science and technology. Descrip- 
tions of the type of data and analyses that are available 
would be a useful component of a data base. 

8. Published Documents  

Published documents cover the broad category of both 

materials produ.ced by universities, governments, 
research institutions and private sector organizations 

in the form of books, journals, conference proceedings 

and published research papers, etc. The Ministry 

makes extensive use of such materials as they relate 

to the areas of science and technology. The awareness 

or knowledge of the Ministry staff of specific materials 

in this category are brought about, in addition to the 

Ministry library staff function, by personal efforts and 

as a result of references from other contacts in the 

field. While this process provides reasonable access 

to a certain range of materials in this category, there 

are distinct limit s- on the extent of an individual's 

awareness of pu.bliçations in the wide ranging application 

areas with which the Ministry is concerned. - 

P. S. ROSS S.. PARTNERS 



Over recent years, several organizations have 
undertaken the development of extensive and 
comprehensive data bases of publications, refer-

ences, and literature in certain fields of endeavor. 

Examples of such data bases are those developed 

through the efforts of the National Research 
Council and the CAN /SDI Program. The library 
and other Ministry staff are aware of the availability 
of certain of these data bases. It is likely that the 

availability of such data base information will 
expand con.siderably over the next few years. A 
requirement emerging from our interview program 

was for a better and more complete awareness of 

su.ch systems and reference materials, and the 

provision for access tô them by Ministry staff to 
support their generally expanding requirements. 

9. 	Other  

Other general categories of information  requirements 

within the Ministry have been expressed as follows: 

Policy Review and Assessment  - in this area 

certain information types could be developed to support 

the process, depending on the categories of information 

pertinent to any particular topic of science policy that 

is cur-rent at a specific point in time. As part of this 

process, it would be useful to consider the development 
of impact and effectiveness indicators. 

Internal Staff Skills  - it was suggested that in 

view of the varying technological and science disciplines 

and experience required in the Ministry, combined 

with the factors of high skill level required and a 

relatively high rate of replacement as new areas of 

of interest emerge, that an inventory of staff skills and 

experience would be useful. 

B. OPERATIONAL ENVIRONMENT  

In accordance with Federal Government policy on bilingualism, 

due consideration was given to the needs in this area. As well, the 

sensitive  nature of the material involved has been appropriately considered 

so that provision may be made for adequate security arrangements. 

7 . 
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1. Bilingual Capability  

An important factor that emerged relative to a 
•data storage and retrieval system is the requirement 
to interrogate the system in either English or French. 
There are two requirements to be considered: 

English and French interactive capability 
for the operation.s staff using the system • 

(b) 	Provision of automatic translation 'equivalents 
for selected keywords. 

2. Security Requirements 

The question of security arose in a number of areas, 
and it is clear that, in the long term, any storage and 
retrieval system must provide an adequate level of 
security. Greatest security can be assured by storing 
information and materials on the Ministry's premises 
and making use of the PDP 11/45. This approach 
necessitates the development of new computer soft-
ware with implied higher initial costs. 

3. It is foreseen that the computer-based system will 
be accessed by the user in two alternative ways: 

(a) Directly - in this mode, the user personally 
will enter requests for data directly through 
computer terminals. The physical operation 
will not be difficult to learn, but it may take, 
time for the user to access the Material required 
in the most effective manner. 

(b) Through the Information Exchange function - 
in this mode, the user will relay his require-
ments to the Information Exchange function 
who will, in turn, enter requests through the 
computer terminals, obtain the required results, 
and relay them back to the user. 

C. GENERAL IMPLICATIONS  

The analysis of requirements described in the first part of 
this section of the report confirms the need for: 

(a) 

P. S. ROSS & PARTNERS .  
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I. 

The creation of a computer-based information system 

to provide storage and retrieval capability for document 

abstracts and bibliographies for the categories of 

material and documents identified in this section of the 

report that are not cdherwise available through other . 

services; 

The development of adequate manpower resources to 

maintain the information data base and to assist the 

staff to access the information;•and, 

The development of a system to provide a framework for 

the classification of science policy related documents. 

This will enable the retrieval system to function effectively 

in the storage and retrieval of data and documents. 

111> 
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IV. SYSTEMS FOR DOCUMENT STORAGE AND RETRIEVAL 

Section III of this report identifies requirements for the storage • 
and retrieval of nine broad categories of policy related documentation. 
These categories may be divided:into two broad classes: documents held 
by the Ministry; and, documents or literature available from other 
organizations for which  computer based lists of references have been 
created or can be expected in the future. This study explored the alter-
natives available to MOSST for the storage and retrieval of documents 
of the above categories u.sing computer-based systems., and evaluated 
their applicability to MOSST. 

A. COMPUTER STORAGE AND RETRIEVAL SYSTEMS  

The creation of a computer-based capability for the storage and 
retrieval of references held or identified internally by the 
depart.m.ent requires that MOSST acquire a hardware and software cap-
ability. Such a capability must be able to store key information concern-
ing a document that will enable it to be stored and retrieved easily 
through  identification criteria and descriptions of the document. 

A document storage and retrie-v-a1_systen-1,of this kind can 1-,e 
su.pported by special purpose software operating on either an "in-
house" computer or at an external service bureau, each with access 
to local terminals on M.OSST's premises. In each case, however, 
there must be a sufficient guarantee of se.curity to protect the infor-
mation.from unauthorized access. 

This study included a review of the capabilities of external 
computer service bureaus to -supply services of this type to the Ministry. 
In addition, the market was surveyed to determine the availability of 
software suitable for use (directly or with modifications) on the PDP-
11/45 computer being installed by the Ministry.  . 

Several organizations have been identified with the capabilities 
to provide the external services in flexible user format with minimal 

start-up costs. 

Potentially, however, there is less data security associated with 
the service bureaus, as their systems are located remote from their 
clients and connected by communications lin.es. Such an environment 
provides less opportunity for control and security of data than provided 
by the "in-house" option. However, it should be pointed out that con-
siderable effort is put into the provision of a well controlled and secure 

P. S. ROSS S. PARTNERS 
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environment for the processing, transmission and storà.ge of data, by 
external service bureau organizations. Those who merit serious consid-
eration for the processing of the Ministry's data take extensive security 

- precautions which, in some cases, have been approved by the 
RCMP and the Departm.ent of Supply and Services. 

Our survey of som.e twenty organizations who indicated a capab-

ility to provide the services found that the most suitable, satisfying all 

the identified requirements, is the VIP system provided by COMSHARE 
Limited. The requirements indicated were for a general purpose 

storage and retrieval system able to store document abstracts with 
related key words and bibliographic and classification information. The 

system would operate on an interactive environment with data 'searches 

occurring by use of combinations of specific references and key words. 

The system would be flexible and able to support the variable quantities 
and formats of bibliographic data for the different storage requirements 
represented by each different category of documents. 

The VIP system would enable the Ministry to implem.ent a 
selected portion of its overall documentation storage and retrieval 
system requirements in a relatively short period of time. While per-
mitting the Ministry to move rapidly in this area, it would also provide 
experience in the use of such systems. Furthermore, this option would 
allow the conversion of the 1\iiinistry's present files arid  documents to a 
computerized form that could also be converted to operate on an "j... 

hbuse" system. 

Another option, the use of the PDP-11/45 computer, is more 
suitable to the Ministry in the longer term because reference and ab-
stract information can be retained . entirely on the Ministry's premises. 
This provides the most secure environment for sensitive material and 
documents which the Ministry h .as in its possession. However, despite 
an extensive survey in Canada and the  U. S.,  our study was unable to 
locate any software available for use on the PDP-11/45 which satisfies 
the range of requirements defined above. However, a nurnber of 
developed programs that satisfy some of the requirements were iden-
tified. 

In addition, there are a number of organizations with experien.ce 

in the development of software systems of the type described. Prelim-
inary estim.ates indicate that the requisite software can be developed for 

application on the .PDP-11/45 in 9 to 18 months for a cost of $45, 000 to 

$150, 000, depending on the ultimate degree of sophistication required. 

Some of the factors that would impact on the çost and timing are: 

P. S. ROSS St PARTNERS 



* the extent to 'which the software is parameterized for 
general application; 

* the incorporation of a "key word in context" capability 
for the abstracts; 

the inclusion of a technical synonym.s capability; and, 

• the degree to which a bilingual capability is incorpor-
ated. 

B. DOCUMENT RETRIEVAL TECHNIQUES 

The retrieval of documents ideally is effected by the use of 
key words in combination with a policy classification system. The key 
word system searches the data files for documents which contain the 
words specified in the search criteria. The policy classification system 
enables the user to obtain all references to documents in a particular 
area of policy. 

C. MANPOWER DEVELOPMENT  

Whatever approach is selected, there is a need within the 
Mixiistry to u.pg3:ade the_ capability _of the information gathering and 
dissemination function to meet the increased demands inherent in 
the planned system development. Such a function would develop and 
maintain an awareness of external data bases and provide the capability 
to obtain data from the data base. Systems already available would 
include major data bases in use by the federal government such as the 
CANOLE and WATDOC bibliographic access systems. 

Manpower will also be required to provide the staff of the 

Ministry with assistance in submitting data to the data base and per-. 
forming data retrieval searches on their behalf. The facility also 
should exist for the staff to carry out these function.s on their own 
behalf, although not all staff members will wish to operate in this 

manner. 

As part of the overall data gathering function for the total 
system, primary responsibility for the content of portions of the data base 

m.ay reside with selected individuals or groups. For example, foreign 

governm.ent intelligence information may be the responsibility of one 

group within a branch. The central function must support and co-
ordinate these groups in their use of the system. 

The approaches identified in this section incorporate the use of 

the latest computer hardware equipment in com.ipination with state-of-the-
art software development. The implementation of such a system is well 
within the capabilities of the services available to the Ministry. 

P. S. ROSS S. PARTNERS 
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V. RECOMMENDATIONS 

The followin.g are the.recommendations of the study team 
with respect to the development of a science policy information system. 

A computer storage and retrieval capability should be 
developed for documents and information maintained by 
the Ministry. 

Such a system will require computer software that will enable relevant 

information concerning documents to be stored in a computer and 

retrieved through a range of selection criteria. The system would 

provide support to the library function, staff members, and eventually 

services to other government departments. 

• The Ministry should make use of an external service bureau 
to provide this capability, in the short term. 

A review of several software systems meeting certain of the requirements 
of the Ministry shows that the most appropriate service is the VIP system 
available from COMSHARE Limited. Such a system would be accessible •  
through the terminals on the PDP-11/45 computer in the • Ministry. Some 
minor modifications may be required to the equipment for this specific 
purpose. Costs will vary depending on frequency of use and the size of 
the data bases, but a range of $15, 000 to $25, 000 per year with 10,000 
docunlents on file and 6 retrieval sessions per day should be considered 
typical. 

The above approach will enable the conversion of part of the 
Ministryls operation to a computerized retrieval system. The data 
collected at that time will be stored in a form readily transcribable 
to the in-house PDP-11/45 referred  tom n the following recommendation. 

• The Ministry should develop the computer software necessary 
to implement the systerx-i in-house on the PDP-11/45. 

This subsequen.t implementation is important in order that security 
requirements can be met. At the same time it will remove the operational 
costs of using an external computer service. 

• The Ministry should -define job specifications and respon-
sibilities for an  information  exchange function with 

"r• 
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responsibility for the ongoing operation of the information 
storage and retrieval capability. 

The information exchange function will provide the services associated 
with abstracting, document storage, computer input and document 
searches. The function also will have responsibility for maintaining 

awareness of other documentation systems available to the Ministry 

from other sources. 

An indexing system of keywords should be developed. 

This task should be undertaken early, since the availability of a 

suitable thesaurus will significantly affect the success of the storage 

and retrieval system. The development of the thesaurus must take 

accou.nt of the requirements for bilingu.al capability, and accordingly, 

synonyms should be developed for application in bipth languages. 

The indexing system would make use of keyword and bibliographic . 

data based on policy classification, for data storage and retrieval 

purposes. 

14. 
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VI. A PLAN FOR IIvIPLEMENTATION  

This section of our report details an approach to implementation 
that will provide a sound basis for implementing dur recommendations 
and a framework for the management of the process. Exhibit 1 
overleaf, shows a phased work program with parallel activities on 
which the approach is based, identifies whether the activity is carried 
out by MOSST or externally, shows the man-time requirements, 
and identifies likely external costs and the time frames involved. 

Inherent in the approach is the need to provide capability for 
document storage and retrieval at an early stage while at the same time 
m.akin.g it part of the longer term process to establish a computer soft-
ware system that will operate on the Digital Equipment Corporation, 
PDP-11 /45, wh.ich is planned for installation at the Ministry. The 
approach has seven major activities which are outlined in more detail 
in the remaining part of this section. 

1. Project Management  

It is important in a project of this kind that an integrated 
approach to the overall management of the work program 
be established to en.su re adequate control and supervision 
throughout all the phases. The project manager should 
be familiar with both the user environment and the tech-
nologies involved in view'of the on-going requirement for 
liaison and supervision with MOSST officers, and with 
computer/technical personnel. Additionally, the project 
manager will participate in other activities inherent in 
the program, including the development of the informa-
tion exchange organization. 

Z. User Coordination 

In•order to provide ongoing MOSST involvement and 
increasing responsibility, the primary user team inter-
face should involve a responsible staff mem.ber from 
MOSST. This will also ensure that an adequate 
knowledge of the system and its development remains with 
MOSST throughout the - imple.mentation phase, as well as 
ensuring maximum co-operation and participation of MOSST 
branches in the development program. 

15. 
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COMPUTER SOFTWARE DEVELOPMENT 
($55, 000 - $75,__900) 

11/.//1/1/7  1 111/1 
'ORGANIZATION7DEVELOPMENT 1111111111111111111111 (1  ///!//////' 

USER COORDINA 111111111111111111 ION 1 (part time) 11111111111.7111 

IMPLEMENTATION ACTIVITIES  
Number of 
Perso.ns 
Involved 

PROJECT MANAGEMENT 
. 	($25, 000)  

1 

DETAILED SYSTEM DESIGN 
($25, 000) 

2 

2 7 3 
tri 

CLASSIFICATION SYSTEM 
AND THESAURUS DEVEL-
OPMENT 

($12, 000 - $24, 000) 

IMPLEMENTATION 1_171/11E11 
Increasin.g 
to 3 

um um um mu ma us an am um am ma um am am mu um ims • MI 

2 	:3 	.4 	5 

Legend: 
- external resources• 
- MOSST staff: =II 
- mixed MOSST staff and eXternal resources: riZEJ 

7 	8 	9 	10 	11 	12 Elapsed Time 
(months) 

N.B. 	The dollar amounts on this chart are 
approximate, and represent expenditures for 

both  the service bureau (V.I.P. ) and mini-
computer options. 
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3. Detailed Systems Design 

During this activity, a conceptual design should be 
prepared after having examined and analyzed the 
details of existing systems. Following this, an assess-
ment can be made of the implications on the computer 
hardware/software systems and on the user operations. 
Finally, detailed specifications can be developed for 
computer software development. 

4. Computer Software Development  

Using the specifications developed in activity 3, the 
computer programs should be developed and tested. 
Maximum advantage sh.ould be taken of utilizing existing 
techniques, methodologies and logic for storage and 
retrieval. 

5. Classification System and Thesaurus Developm.ent  

The classification system should be conceived and 
examined against the frarncr.vork of general criteria 
developed to assess its viability. Following this, a 
detailed design should be developed and an acceptability 
test conducted. Instructions can then be prepared for 
Using the system. 

The thesaurus concept should be developed having regard 
to the maximum desirable size, and the approach adopted 
to French/English equivalents. A search should be made 
of oth.er available thesauri which relate to the science and 
technology field, and also to the type of documents in use 
by MOSST. 

6. Im.plernentation  

This process relates to a nurnber of objectives, including 
the implementation of the system on an external computer 
service bureau using existing software, the training of 
staff, the preparation of procedure documentation required 
to implement, operate-  and use the systems, and the sub- 
sequent conversion of the system to the Ministry' s PDP-11/ 
45 computer. The process will be ongoing from the 
inception of the project, and will initially include data 
gatherin.g for document analysis and for eventual system 
definition. 

17. 
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18. 

7. 	Organization Development  

This activity is concerned with the ongoing planning for, 
and staffing of, the information exchange function that 
will be responsible for the operation of the system. It 
is envisaged that this grou.p will be involved in maintain-
ing and searching the document data bank of behalf of 
staff of the department and, where required, assisting the 
staff to carry out this function on their own. A more 
detailed description of the functions of this organization 
is contained in Section IV of this report. 
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