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COST EFFECTIVENESS OF INFORMATION SYSTEMS

In May, 1968, a subcommittee of ﬁhe Committee on
Corporation Associates was established "to study the economics
of chemical information activities in industry". This was
deone in response to a direct request from the ACS Committee
on Chemical‘Abstracts'Séfvfce for such a study and to meet
a general need by the ACS for a way to measure the cost~-
effectiveness of information services.- A preliminar§ report
of the findings of the subcommittee was presented to the
Corporation Assoclates in November, 1968. This 1s the final

report of the subcommittee.

Several previous groups have instituted studies of
the economics of Information systems. Two major curreunt activi-
ties are being carried on, by the Organization for Economic
Cooperation and Development and by the Division of Chemistry
and Chemical Technology, National Research Council. These
studies, as well as some of the earlier ones, have focused
on the more manageable problem of developing methods for the
measurement of costs of information systems and services. As
far as the subcommittee knows, there have as yet been no reports
by any of these groups on cost-effectiveness, and the earlier
studies were apparently abandoned without reaching any con-
clusions in the area of cost-effectiveness.

Two reports of interest to the present study have been

published. Martyn(l)

carried on an extensive study of literature
searching by research scientists, to obtain data on the habits of
research people Iin carrxing on searches before Inatituting new
projects and the amount of duplication and wastage of time and
effort in research projects, as indicated by the later discovery
of important references. Brockis and Coie(z) have published &
more limited survey of the incidence of late discoweries of

important references.

E TC#I)J' Martyn, "Literature Searching by Research Scientists"”,
,MB\,E Aslib Research Department, London, 1964.

IToxt Provided by ERI

(?‘) i e T T bttt e —




In view of the apparent adequacy of current efforts
and published reports in the cost-measurement area, and the
almost complete lack of even qualitative guide~ for determin-
ing the effectiveness of information systems, the subcommittee
decided to confine its activities to the latter aspect of tae
economics problem. The subéommittae was fully aware of the
great difficulty it would have in attempting to establish any
reasonably satisfactbry quantitative measure of effectiveness,
but felt that even a very rough estimate would be better than

nothing — which i1s the present state of affairs.

Clearly there are a number of ways in which an
information system might be "effective'". It can gave time,
by improving access to the literature. It can make available
a greater bondy of literature, within a given time. This, in
turn, leads to the possibility thét an important new idza may
be stimulated. It can help prevent duplication of research
efforts. It can provide specific information required for a
research project, or background information needed for entry
into a new field. These and other aspects of "effectiveness'
were considered, and it was concluded that some may be suscep-

tible to at least a semiquantitative study.

Basically, the values of a service depend primarily
upon two things — they either save time or they increase the
literature coverage. Obviously these are not entirely indepen-
dent. A person might, at one extréme, set in effect a time
limit for himself and cover as much literature as he could in
that time, and, at the other extreme, devote whatever time it
took to cover a given amount of literature; or, he could elect
an Intermediate course, saving some time and extending his
literature coverage some&hat. These fuctors — time saving

and greater literature coverage — may be measurable, and

this is what the present study attempted to do. More nebulous




values, such as the worth of a brilliant idea that results

from improved access to the literature, appear to be impos-
sible to measure anad this was not attempted. This may suggest,
however, that the values determined in the manner used for this

study could constitute a lower bound.

The avoidance of duplication of effort, which was the
principal factor studied by Martyn and by Brockis and Cole, is
also féirly easily reiatable to value, 3and is in part an alter-
apative approach. If, as hypothesized above, the user kaeps
constant his total time devoted to the literature and succeeds
in increasing his literature coverage by the use of a particular
service, he may benefit by being led to a new idea, or by avoid-
ance of duplication and wastage of research effort through
discovery of relevant literature. If, on the other hand, the
user covers all the relevant literature, no matter what the
time required may be, no berefits of these sorts will fesult
from the availability of the service, and the value will be
strictly in terms of time saved and the worth of that time.

As noted above, an intermediate result will also be expected,

frequently.

It was noted also that the use of technical literature
falls into two broad categorieg, described briefly as "current
awvareness"” and "searching". The first of these relates to the
need for a scientist or technologist to keep up with the current
literature, mainly in his own specialty and in closely related
fields, but also to some extent in remoter fields, in search of
new ideas and to gain perspective. The second general category
15 the more or less thorougﬁ coverage of the literature, in
search of specific information or to provide a survey of all

the work in a given area.

In order to obtain data of the kind described, a
questionnaire was prepared and sent to a selected group of

industrial chemists. The first version was sent to people




in the compaales represented on the Committee on Corporation
Assoclates, and an amended and revised version was later sent
to amuch larger gruup of people, in all the companies which
are Corporation Associates. Ian each mailing, the company
repreéentative on the Cgrpovation ASEbciafééfwgém;éked to
solicit responses from ten of his assoclates, selected in as
random a manner as was convenient from among his company's
professional "research” chemists. This would be expected

to include many developmeant chemists, but was intended to
exclude a number of people such as technical sales, informa-
fion speclalists, etc. The preliminary survey went to 150
chemists, with 135 usable respoases received. The second
went to 2790 chemists, with 1394 usable responses. The sample
slzecs are generally large enough to permit statistically

meaningful conclusions to be drawn.

The second questionnaire is attached. (The first
version was simila- in concept and differed only in its
details.) The first page asked for background information
on the respondent'and his company, to permit a later breakdown
of the results according to the subcategories indicated. The
second page asked for data on the use of information services.
Sources of information were divided into seven groupings:
Primary sources, Books and reviews, Abstract services, Title
services, Science Citation Index, Patent services, and Com-
puterized information services. The respondent was asked to:
(1) indicate which grcups of services were available to him;
(2) estimate the number of hours per week spent using each of
the groups of services, for both Current Awareness and for
Searching (separately); (3) estimate the number of hours per
week he saved through the use of each of the categories of
services available to him, again for both the Current Awareness
and Searching functions (omitting Primary Sources, and Books
and Reviews); (4) eétimate thg percentage increase 1in his
Q
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coverage of useful literature through the use of each of the
categories of services availabie to uim, for Current Awaremness

and for Searching.

The profiie data for the respondents and theidr

companies are as follows:

Age | Highest Degree
Under 30 214 - None 21
31-40 591 Bachelor's 367
41~-50 389 Master's 230
Over 50 196 PhD/DSec 768

(no reply 4) Other 7
(no reply 1)

Number of People Reporting

Years of Experience to the Respondent
Under 5 268 None 268
5-10 309 1-3 612
10-20 515 4=-10 322
20-30 215 11-20 125
Over 30 84 Over 20 66
(no reply 3) (no reply 1)

*Field of Specialization ' Field of Activity
Organic 650 Research 962

" Physical 261 Development 333
Analytical 232 Administration 72
Inorganic 146 Other 71
Bioleogical 120
Medicinal 122
Plastics 181
Petroleum 87
Engineering 139

Other 234

(*Multiple responses allowed)




*Principal Business Size of Company
of Company - _annual sales

. Chemicals 599 Under $10 million 60
Plastics 16¢ - . . $10-100 million 308 o
Rubber 65 Over $10¢ "ailliuva 990"
Drugs 211 (ro reply 14)
Electrical 76
Metals 85
Petroleun 121
Cther 544

(no reply 2)

(*Multiple responses allowed)

The avallability of categories of information servicrs was

found to be:

Abstract services 92%
Title services 76%
Science Citation Index 207
Patent services 847%
Computerized information services 32%

It was apparent that a number of respondents did not really
know whether or not they had Science Citation Index available.
It was also evident that the cohputerized information services
wer2 more likely to be available in large companies than in,
small ones (38% in companies with sales over $100 million vs.
17% in those under 5100 million).

The percentages of people using each of the services

available to them were as follows:

Current Either

Avareness Searching Usage
Abstract services 677% 807% 93%
Title services 52% 29% 627
Science Citation Index 11% 217 Zh%
Patent services : 63% 45% - 68%
Computerized information 427 39% 60%

services




Tha low usage of Science Citation Index undoubtedly reflects a
general unfamiliarity wit his service, since users of it find
it to be highly effective. This suggests that many people not.
using Sciéewce Citation -Fadex would—find it profitable to learn

toc use it. It is perhaps somewhat surprising that the percentage

using available computerized services is not higher.

The time spent by chemists in their use of information
sources 1s of considerable interest. The data indicate that this

time 1s rather higher than is genetrally thought:

Current

Awareness Searching

(hrs/week) (hrs/week)
Primary sources 4,2 1.6
Books and reviews 1.5 1.2
Abstract services c.8 1.1
Title services 0.4 0.2
Science Citatlon Index . 0.1 0.1
Fatent services 0.6 0.4
Computerized services 0.3 0.2

The numbers for Primary sources and for Books and reviews are
averages for all respondents, as it was assumed that everyone
had access to these. The figures for the other categories are
averages for all people who have access to these sexrvices,
including those who do not use them. If the averages are

taken only for those using the services, the results are:

Current
Awareness Searching
(hrs/week) (hrs/week)

Abstract services
Title services

Science Citation Index
Patent services
Computerized services

DO0OO0OO0OK
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The averages cannot be added, in either of the above tables,

because the separate figures refei to somewhat different

Q ‘opulations
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Averages computed for all 1394 respondents, whether
or not they have é particular service, give a figure for the
average time spent using information sources by all industrial
chemists. These numbers are 7.5 ﬁrs/week for Current Awareness
and 4.3 hrs/week for Searching, for a total time of 11.8 hrs/
week. No important differences between people in large and
small companies appeared. There were some differences between
people in various subfields of chemistry. Organic chemists and
bioiogical/medicinal chemists spend more time with information
sources than do chemists as a wiliole; the figures for organic
chemists total 13.2 hrs/week, and for biological/medicinal
chemists 13.7 hrs/week. Research people spend more time on
information than do non~-research chemists, totaling 12.6 hrs/
week as compared with 10.2 hrs/week for non-research chemists.
People in chemical companies spend slightly more time than the
average'chemist surveyed, 12.3 hre/week. People in drug com-

panies spend considerably more time, 13.3 hrs/week.

Estimates of time saved, through the use of a
particular information service, are of course difficult for
anyone to make. A few respondents pointed out (correctly
of course) that these quantities were "impossible to estimate";
most respondents made the attempt, however. The hope was that
there would be no systematic tendency to overestimate or under-
estimate this quantiiy, and that the averages would therefore
have at least a rough quantitative validity. 1In full realization
of the very limited accuracy of the data, then, the following'

results are presented:

Current

Awareness Searching

(hrs/week) (hrs/week)
Abstract services 3.2 ! 3.9
Title services 2.6 1.8
Science Citation Index 1.6 1.3
Patent services 2.0 2.1
Computerized services 2.5 3.1

-e58e averages are for people actually using the service.

[ SRR I SRR —




A measure of the effectiveness of each service can
be obtained by comparing these estimates of tiﬁe saved with
the earlier figures reported for time spent. Thus the ratio
of theitwo giées an estimate of the number of hours saved for
each hour spent, with a given service. For example, Abstract
services for Searching are said to save 4.0 hrs/week by the
expenditure of 1.4 hrs/week; this is 2.9 hours per hour spent.
(Obviously the time saved, or the effectiveness, of a particular
service wili also depend to some extent upon what other services
are. used, etc.) By this criterion the order of effectiveness of

information services 1is:

Current Awareness (hrs/week) Searching (hrs/week)

Computerized services
Title services

3 Computerized services

2
Science Citation Index 2

2

2

4.8
Abstract services 2.8
Science Citation Index 2.7

2.6
2.6

Title services
Patent services

Abstract services .
Patent services

[l BN IV =

Small differences in these numbers are not meaningful in measuring

order of effectiveness.

The questionnaire also asked for an estimate of the
percentage increase in the coverage of useful literature by the
use of information service. The results for Current Awareness
were: Abstract services 90%, Title services 90%, Computerized
services 90%, Patent services 70%, and Science Citation Tndex
20%. For Searching, the results were: Abstract services 140%,
Computerized services 100%, Title services 707%, Patent services
70%, and Sclence Citation Index 50%. It is felt that these data
may be rather unreliable, as a number of respondents indicated
considerable difficulty in making some of the estimates. For
example, the increased coverage 1is probably more apparent to

the user of Abstract services for Searching than 1s Science

11
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(3)

indicate that for short searches Science Citation Index is

Citation Index, although other wtudies of this comparison
actually more efficient, and they are about equal in the long

run.

Finally, as an exercise to see what value might be
placed upon a particular category of service, we can use the
data for Computerized services. A total of 440 respondents
have them available (less than half of these people actually
" use the services, as noted above). They say that their use
of Computerized services results in a time saving of 996 hours
(455 for Current Awareness, 541 for Searching). These numbers
thus indicate that the provision of Computerized services to
an average group of industrial chemists will result in a time
saving of 2.3 hrs/week (996/440), averaged ovc:i all the staff,

i.e., including those who do not use the services as well as

those who do. Obviously the figure would be higher i1if more of
the staff used these services. Thus the "value" of Computerized
services for, say, a staff of 100 chemists costing $20/hour
(including overhead) for a year would be 100 x 2.3 x 20 x 52 =
$250,000/year. It can be argued that this is a lower bound to
the value, since no allowance has been made for the value of
increased literature coverage. On this basis, it might be
legitimate to use this "value" in a comparisou with the costs

for computerized services, to determine cost-effectiveness.

Similar calculations could be made for the other
catagories of services. The time saved, averaged over all
staff members, is as follows: Abstract services 5.4 hrs/week,
Title services 1.9 hrs/week, Science Citation Index 0.4 hrs/
week, and Patent services 2.2 hrs/waek. Again, these numbers
represent a combination of two factors, one being the fraction
of the people using the service and the other the estimate of
time saved by those actually using it. Clearly,llow fractional

usage has drastically reduced some of these numbers.

C. C. Spencer, American Documentation, April 1%67.
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In summary, we have explored the habits of a
statistically meaningful sample of industrial chemists in
thelr use of information services, and have developed a
crude model for at least a semiquantitative determination

of the cost-effectiveness of information systems.

N. B. HANNAY (Chairman)
May 20, 1969

|
-



ey

c
T
0

(47)

UOTTTTIW O0T I2AQ
UOTTITW OOT - OT¢
UOTTTITW OT$ Iopun

(saTws Tenuur)
Ausduw) Jo azIg

0c I3A0

ki

€ Oc-11
e oT-1

T -1

0 SuopN
(8)

(T8oTaRTO~UOU)

nof o3 3xodax
sTdoad Ausm MOY

L

N.1
9 L
S|
.:.

¢ ]
Nlll
T

0[]
£1-21

I9430

[EY (R LT |

STBI=N
oaﬁOHPomHm\ﬁmOanomﬂm
s8naq

J3qqny

S0T1SBId

STEeOTWaYD

(soxenbs omy usyl
310w Ou X)
Lusdwo)y jJo

sgaursng Tedioutad

0f I3AD
0£-02
02-0t
0T-%
S aspupn

O+

(4

(eaa3sp x917%W)
aousTaadxy

Jo sxea}

Iay30
UOT}BIFSTUTUPY
JuamdoTaA3(]
yoxsasay

oM

(T1)

Kataryoy
JO PisTd

Ia30
.Um-ﬁm\-ﬁﬂ.ﬂm
s,I99.58]

g, J0T9Y9BL
auoN

O~ QUM

(9)

99a33Q 189UdTH

L)

I3Y30
Sutassupduyg
maTox3ad
S0T188Td
TBUTATPSH
Te0o18070Td
ot1uBdIour
TeoTHTRUY
TeorsAuyd
oTuBII0

SOHNMJU\\D[\@O\
oL TP I T TTTITIL]

)

( ssasubs oml weyl
a2J0W ou xv

uoT48zTTBTOdg
JO PT3T4

€ 0§ I8A0
e 046~TH
T o%-T1€
0 . Of aspuf
(s) -
a8y anox

O Mg N\ MDD O

(m)(€)(2)(T)

(3usTq aaraT
958a1d

*(PP3E0TIPUT sasym 3daoxa ‘axenbs suo ATuo jawm} saxenbs sjetadoadds X assaT

$338TO0SSY UOT3BIOAIOD SOV

S3C7/,.d9C UOTIBLLIQIUT UC ZJITHUUCTISSLR




‘s9TTJOId 3SaIs3UI I9sSn 03 JuipJoose 9-€ SMOX UT PIISIT SPUIY aU3} JO UOTFBWIOJUT JO UOTIBUTWASSID SATIO9TOS) %

(Butyosasas xoJ 1o

"0 X0 g wumTod ur Xoqg s3wradoadde sy3 UL 0, I93US ‘9ABY nok 90TAI9S B 9sn j0u op nok JIT
(g2 ¢°8-s) yauay 3ssawauU 03 Jyoan/sanoy sal [@]:
"Tr3sSsn 9 TTTA SSLLUTESd UBNCL Uois — oTqIssod SE saxoq AUBE se ut ITId wmmmAUmm&

*S90TAISS
. UOTJBUIOJUT pazTIajndwo) -
(LL) (LL) (L9) (L8) (8€) (8€) (61)
(032 ‘jusmiag
¢ saxapur qmpowhvmn<v
S90TAISS qualsd °
(€L) (€L) (€9) (€9) (s€) (<€) (81)
: X9pul UOT9BIEI) SOU3TIG °
(69) (69) (64) (6%) (e€) (e£) (L1) 7
(0319 ‘sjusquo) jusIany)
€SaT3TL TBOoTWaY) €-38'3)
S9OTAJIDS 3TITS
(59) (59) (sn) (1) (62) (62) (o1 o
(*o35 ‘oop3ury ‘s3omIjsqy
TBOTWAY) ‘IS0d -8°9)
S20TAISS 40BIFSQY
(19) (19) (T4) (T4) (92) (92) [ ST) .

i /
T ) ——
/1111111111114111111 i / (£2) (£2) L1177, \

/ / \ \ \ a\ / (039 ‘squradaad dDutiesm
M, ===
/ / / {02) 03) sooanos Arewrxy -
Sutyoarag SSaUDIBMY Jutyoasag ssauaasMy | Suryoxwag SSaUBIBMY nok o1q
I0J1 WSIINY ICT I0J UazIn) I0J 1071 JUSIIN) IO0J | 9TQBTTBAY
(%0 _=-sswaxoutr ou) (L uysnoayy £ srox) 1pssfl y98p/sanoy S20TAISS

IDTAIDS STY] JC oSN Jnok nok 09 9TQqBTIBAB MOU Ammwnw><v

£q aan3BI93TIT Tnriosn Jo 90TAI9S JO A10393BD OB (X) xo9yd

933I9A00 anok UT sSBaJOUT JO asn jussaxd anof Aq

3USO Iad Y3 IIBWELLSH pPoABs ‘¥m/°say 9jBUL)SH
D X q a J d v
‘7zoq s3etadcadde sy3 ur i, I93ua ‘9 USrioayy @ SUuMICS UT SSYBWT LSS 9yl JOo Luw ajyewm 03 sTqBUL_sIE nok JT

8
3
iz
}
:

L

P .-

(sPotTAXES 38NOY~-UT MCMﬁqucwv.nuuw>hu)

i

o i [Rpp—

PUB 7NTINOS TAIYRT T iIT PS

|



