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.I... INTRODUCTION

1, It was agreed at the Second Conference of Afrigan. Statisticians ™
in Tunis that the BECA Secretariat should follow up developments in

data ﬁrocessing problems in close consultation with the Conference of
European Statisticians (whiqh has set up an expert working group to '
stﬁdy problems rélating to the applibation of electronic data processing
equipment in statistical offices in Europe) and other interested
organizations, It was suggested, as a first step towards regional co-
operation in this field, that a report should be prepared by the
Secretariat on the development of mechanical data processing in Africa .
and its possible fubture growth. In view of the fast and far reaching
advance in electronic computers and their use for statistical data
processing over the past decade the scope of this study was limited to
studying the potential role of electronic computers in the context of

expanding statistical activities in most African countries.

2 A staff member of the BCA Statistics Division visited ECE headquarters
in Geneva and a number of Buropean statistical offices to ingquire into

the latter's experience in the use of computers and other electronic
equipment. This was followed by a case study in an African cowntry,
Ghana, which has had long experience in the use of conventional punch card
equipment andehich, it was felt may have a large enough tabulation
programme to Jjustify installation of a small or medium sized electronic
computer. The case study was designed to review the various jobs which
were being performed on the punch card equipment installed at present

and compare the merits and demerits of conventional machines and
electronic computers in terms of flexibility, versatility, .accuracy,

speed and cost of operation. Likely expansion in tabulation work was

also to be taken into account. An experienced consultant from the

Central Bureau of Statistics in Norway was associated with this.study.
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3. The European experience and the results of the case study are
summarized in Sections ITI and IIT of thls paper. In Section IV
suggestions are made for further studles and for possible co-
operation amongst Afrlcan countrles 1n the skllful ‘use of electronlo.

process1ng technlques.
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IT. Statistical Applications of EDPY
' in Europe

‘4. Blectronic data prooessing systems are a post—World War IT

innovation. In 1952 the U.S. Bureau of Census became “the’ first statistical
office in any country to aoquire a computer for statistical data o
processing. It was followed by the Central Statlstical Offices in the
Netherlands, Norway and Sweden which acquired their flrst computers
between 1958 - 1960. In 1962 11 other countries in Europe were using

DDP equipment for processing of current statistics and census and survey
data. These ‘included Austria, Czechoslovakia, Federal Republic of Germany,
Finland, France, Hungary, Italy, Switzerland, U.S S R., United Kingdom

and Yugoslavia.

5. The type of computer installed varies from one statistical office %o
the other., In each case selection was made after a.careful”and;prolonged
consideration of characteristics:cfyvarious_typesicf.computersrin the
market in a selected price range followed by a series_of.test‘applications,
éuch feasibility studies and. other preparatory. work took as. much as five
years in many cases before conversion to EDP was finally accepted. While
the first computers installed in the European statistical offices such as
IBM, 650, (Sweden), DEUCE (Norway) and X-1 (Netherlands) were punch card
:oriented4and were aimed at more efficient calculations, the 1ater trend
.has been in favour of magnetic tape computers such as IBM 705 and 7070
.which are, also able to perform data ordering operaticns, including :

collation and sorting.

Maaor applicaticns of EDP

6. Recent reports ‘on electronic data.processing from the European
atatistical offices 1ndicate Shat computers are applied in the following
statistical fields: .

LR g

;/i EDP”stands*forfElectronic forfautcmatic)“Data.Processiné;TFJ S
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Population statistics .

Criminal statistics

Cultural statistics f“

Agrlcultural statistlcs

Flshery statlstlcs

‘Industrlal productlon statistics

Bulldlng statlstics

Stock statlstlcs i

Internal trade gtetistios

Foreign Trade statisticsf

Price statlstics . |

.Income statn tlcs

Tax,statlstlcs

Finaneial statistiocs

Laboud Statistics o

Consumer sxpeénditure statistios

Houging statistics 4

Traffic stativtics

Transport - statistics -

Nefibnai”éédeﬁn% statistics .
,The above llst 1nd1cates that the appllcations cover most statistics
and that EDP, once installed, may be efficlent even in a small and
rather un1mportan+ hmanch of statlstics. The maaor appllcatlons,vfj
however, are in for 1gn trade statistics and population censuses, in,
these two sectors the contribution of EDP is: probably larger than' 1n_
all the other fields together.

7. Perhaps ‘1t°is more interesting to consider application of -
computers it dlfferent-stages 6f - statistidal processings IThe first .
applications were connected to those stages which:traditidnally i were
processed by conventional processing equipment, pariticularly counting
and tabulatinge .. fGomputers; were able, to do.more. tabulations in
parallel than the conventional tabulators. This applioatlon also
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required less pre*sorting because of the larga Anternal storage. and the

selective power of the computers compared Wluh oonyentional tabulators.“
Besides, this stage had already been described in detail and’ very little
system analysis was requirea for tne application of the computers.'iﬁ\”;

Most of these appllcations were, uhere*ore, s1mulation by the computerS'

of the previous puncn card taoulator Worﬁ9

8. -Another stage. in which: European statisticians very soon applied .
their computers wag analysis, and compu’ atlonat,Suddenly,pthey found_ h
themselves equipped w1th a new instrument permitting analysis of -
variance, regress1on analysis, etc., “to a degree Which Was thought

impossible before because of thc large computatﬂonal Worn 1nvolved. The

computers have prohably made statisticians 1n European statistical

offices much more analytically minded than before¢

De Application of - computers.. to uhe cortrol and correction of primary
data: represented a stage previously performed. manually° The computers
were well fitted for this tiresome, but.very ~mportant _work,. and were.
in certain cases able.to perform control to. an extent oonsidered R

.- .impossible by.manual methods.  Many Burepean stauisticians consider .
this as.the most important application of computers in suatistical data
Prbcessing_so fary, as it has resulted in. increased accuracy and SP?E@ii

and -a reduction-in clerical = staff.-

10, With‘the introduotion of'magnetic tapes ¢ven preparatory processing
stages, such as sortinb, collating, copying‘and‘filing;Vhave’been“?}*ﬂvﬂ
transferred to oomputers.- Some of these'applicaticns,fesg:,some?typesﬂf
of sorting, may ‘be- questioned as . inefficient use of costly ‘compiitbr-time.
But’ by pérforming these operations along with ‘the rest, ‘the' lmportant -
advantage of a higher degree of integration in one automatic process:’ =i
may be obtained, thereby increaging speed, -saving. scarce manpoweryand i
eliminating errors due to the many manual intex cruptions necessary in a;ﬁ
conventional-data procehei*v system, Id.ohould bs mentioned that eveni,
“the coding of, collected informctiou is in. special cases now. transferred

successfully to.electronie: data processing, ., ..... - .

B N
A P
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Some probléms of cornversion From=-conventional metliods o EDP.

11, . Introductlon of electronlc data processing is ordlnarlly A
retolutlon for statlstloal processing and must of course create éertain”
problems. Whether the convers1on is dlrectJy from manual methods to
EDP or from conventional punch oard methods, the character, 1f not the‘
extent, ‘of the problems seems to be the_samea These problems may be
classifled as“preparatory and ‘dperationals - THe: preparatory problems

are the'most serlous‘but~also-the-most~frequently ‘overlookeds: .o

12, The flrst preparatory problem, which presents 1tself when the
declsion 1s made %o acqulre a oomputer,'ls the staff problem.' As
computers are rather complex equlpment, their use’ has to be planned byds

;Lcd rd vth \ﬂoquate tralning 1n thls

speciallsts wrth °pele o] xf
field, In Europe this problem has been solved in two dlfferent Ways,

Oneé ‘approach is' %o train- thebest amongst the mechanicalidata procéssing
staff 4in computer progrémming. This solution had the advantage that

the ‘péople’ thus selected were1Wéllfacquainted*with’mechanical data:
processing*teohniQues;:*But-uSually,Ntheyfdldrnot*have5thehnecessary
statisticat background for ' chooding the best of sevebaliprocsssing- schemes.
The“%ebond7approach7to’the.Staff'problem?was baged or ‘the American

thesis thdt 1% 1S easier to mke & good programmérout of:'a statisticians
than a2 good statistician out of a programmer. The~planningﬁstaffﬁwas:
seleoted.from.amongst the. professional s*tatistical staffar This is. _
certainly . the\better of -the. two solutions, - But Wlth already, too few
professgional, statlstlclans it is not-always a practical solutlon asg
part-time work is mot-recommended.. Many of, the. smaller Buropean.

countries havelthns“chosen the firgt mentioned approach, OanwéQ@Periﬁ?

between the two,

13." " Trainifg of the staff may-alec bé-a problem: The computér:
manufacturers usually providé’trainirng éourses in programming, -but aré:.
not of Gourse able t6 give training coursés in solving statistical.
procéssing problems. Frod this Doiht of- view, the possibility of having

at least one professional statistician among: the programmers has been
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found to be of great value for experimentation and- in-seérvice pradningw

Wlthln the stat*stlcal .0office concerneds

14.. Whatever the. ‘sources of recrultment selectlon of staff for draining.
as programmers:can - galse present problemsq The experience of statlstlcal
offices: in.Burope.seems "t indicate that rhe value of aptltude tests. ..
developed by manufacturéers" is'not in identlfylng those Who w111 be .good
programmers, but in weeding out those who are not llkely to be good
Drogrammersqy JThis is not of - ‘much help to a statistioal offlce with a.
limited: staff,

155 The extent of the. necessary preparatory work required before .
1nstallatlon of a computer was under estlmated in many. cases. Such*%erkf
includes a" serles of operatlons of whlch one needs special mention

. ‘because’it is the most dlfflcult to perform, i.e. testing of the?*
.programmes worked out.x Testlng is the procedure in which a programme

or: a part of the programme is brought to the computer together with test
material in orde o 1ocate all errors 1n the programme,. : Till all parts:
of all’ programmes have been tested and necessary corrections made, no
applleatlon ‘cah be run on the computera‘ And the testing should normally™
be dane=5éfore‘tﬁéﬁcdmputer'is'insgalgéd.,_This problem may, however, be
fsdbded“ﬁyﬁéarefui’desk—cheeking of'allAprogranmes followed by wisits, -

wbere possible;, ‘o a computer 1nsta11atlon for short testlng ses51ons.

16, The introduction of a computer may also create some operatlonal
problemse It has been found preferable to process data on the old. and
the new: system.in parallel for some time to av01d the pressure of
converting all processes- ‘at once and to be sure that the new process1ng
system works as expected. - This Was ot found poss1b1e in many comntries . ..
in Burope .because of the cdst s of runnlng tw0 systems in parallel. On,
. the other hand; a total conversion imposes heavy burdens on staff and '
equipment and there is always a great rigk of failure, It is therefore

absolutely necessary to.plan conversion in as nuch detall as possibles
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l7.~ Wlth EDP & Q&“thdl&; queve. problém has baeh observed in

most statisﬁical cffices in Europe¢ ™ While the- convent“onal process1ng

due.to mululpllcl f equipm nt, w1th EDP a‘l “obs myst be Drotessed

on the samc compuie}{A¢esultlng 1n & gueus of processing JObSn<‘ThlS'

does not necessarlly meaa theu sone statlstics e ‘processed later than
was the case Wlfa conventlondl equsnmen 4+ 1t does mean;.-however, .that:

some statistics oannOu ootalﬁ thc fu’l advartage of +thé computer®s fast
speed unless the processing schedule and priorities can beﬁshitaHLfT“
adjusted. As & result of mal 1nuroductlon o? Ti‘DT’ ha.s been accompanled
by import&nt ohanges 1n the organlaatsonal seb-up of many European e
‘statistical offlcesc Data prooe 31ng operutions arg now generally
oentral;zed in- a sepa raté naanr dcbartmenL w1* a 1arge hard in. determlning
prlorities a8 betwcen dlffer' : p:oce 31ng Jobso_ FDD has wlso led to much
closer: co—ordlnatloq oriweeﬂ var B ssctﬁons ﬁnvotved sn the oollectlon,
'Wséruﬁfhy:aﬁ& éﬁélysiS'o ‘a sbuuxstLoel series to ev01d, o‘uster of.
process1rg uobs durlrv nezx oerlods<' Qtatlsti ;mns conﬂerned are alSO
obllged t6 plan™ the ODvr@tlfﬂ in 1t uotall y huc; more_c%refully to,
av01d»1nterfer1nu with *he *abalatﬂon plan duﬂxng D“OC@SSnga_ Thls s
‘made’ Very necesgEry due 4o s r~1e31b¢1stv of EDP vis-a—vis conventional
methodsv

E%éiﬁsinn of EDP iﬁ statistioal work invEuropegeﬁ

18. The orvaunzatvon oodeotsv 'q_scone of .operations and ‘typés’ ‘of

.o

computers in talWOG vary 80 much among the Buropean statistical offices

that a genera7 oveluatson of neriss and demerits. oft EDP. -comparad With?
conventional p*ooess1ng mcthods is rather difficult,. By discussing - PDP
under the follow1ng eerarate headlngs it may be possible, however;: Ho -

draW some beud conclus1onsa‘

a) Cost o*,ED
19»4, Tota' o8 £ EDP“eompri ses capital cost for the acquisition of
the compuuer, gite preparation costy, conversion cogt and current operg-

tional cost, including maintenance. The capital cost of the computers
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used‘by the FEuropean statistieal offices is roughly within the: range of

Us $200 OOO -1, 500 000, The depreciation period used by European_ '
offices varies from about 4 to A0 yearsa Bxperience indicates that a

210 year old computer may. be .in good working order, but becomes economically
obsolete because of the .very fast technical developments, Probably the
most economical depreciatlon period When taking the fast development -Anto

. account is 6 yearss . Utillzation is of course a very important factor and
'.European experience indlcates that the computer ought to be utilized in

at least one full shift to be economical. In order to achieve this some
"statistical offices have chosen to co—operate W1th other government

“offices t6 obtaln an economical work—load on the computer.

'”20.-‘ The reported costs of slte preparatlon vary between Us $8, OOO—
150, OOO depending on the size of the compnter and whether a special
building had to be set up. As a rough measure site preparatlon can be
estimated at 5udo% of the computer price. Several European offices
reported that they under—zgtimated the site preparatlon cost up to 50%.

21. Conversion ‘cost includes preparation of the programmes and training
of staff. In general, the‘ tatistical offices have under-estimated the
aprogramming effort necessarye Available informatlon 1nd1cates that on an
5average a programmer menagedAabout T complete programmes in one years As
programmes may vary from only 100 1nstructions to several thousands and
;the time needed per instruction depends on the programming system used,
“the ‘dbove" figure should Be used with ocare. Statistical offices in Norway
and Sweden, ‘who were amonout ‘the firs in Europe to consider ﬁDP, o

reported that conversion costs 1n their case were over—estimated. _‘

Zé;.' The current operating cost is usually not so difficult to estimate
because it comprises factors which can be easily costed, e.ge,

electriclty, wages, maintenance, punch cards and magnetlc tapese . It was
‘stressed by several offices that correct. estimates and economy very much
depend on a steady flow of processing work so as to avoid. inflating staff
-requirements due to a rew peaks in the work-load. This may, require some

re—organization of the Work also outside the processing department..
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Some offices reported saVings in punch cards as LuP d4d hot restrict’
utilization of the punch cards as much as the conventional equipment.
uThe need for magnetic tapes is very ofton under—estimated becatise people
seem to calculate the need on bas1s of the theoretical tape capacity
forgetting that 1t may be very 1nconvenient to store 1nformatlon of
fdifferent kinds on the same tapes so as to utilize their full capacity.
The maintenance cost can roughly be estimated t6 about 57 of the purchase

:price per shift—yeara

23. *SomeMEuropean~oountries have. reported net savings, in-data prooessing
costs after 1ntroductlon of BDE, while others reported no. sav1ngs., In‘no
case,. however, the cosus werse reported to ‘have gone up. In general, it is
probably more correct uo.conclude that the lowerlng of’ cost is hot a
dlstinct advenuage or EDP compared Wit sh the Gost of the previous

conventional processinge

h)WfSpeednof;EDP operatian,

2Ta Eleccronic computers are. indeed. much faster than conventional
equipment, but - uhe experience.in Europe has shown that such a comparison
.can be very:rmisi eadinge It is sometimes forgotten that processing time is
nok: determined only by. the theorct cal speeds of . the electronic computers.
There are &t leasth.two. imporitent factors Whlch have to be considered.‘T
First,: there ig: the handling tome'independent of the, computer speed, i.e.
the- time;needed_for.loading cardy, mounting magneticztape reels, changing
paper pn"the Printer,: setting switches, etc. On very. 1arge and fast ‘
computers handling .fine accounis Lor abous 25p of. the processing time.
Second, there 1s again the problem of unsueady flow of work. As already
'p01nted out all processing jobs have to pass the computer“and 1f the’ =
'processing gobs are concentrated 00 much around certain p01nts of time,
!some JObS may walt'end thekoverail process1ng time for these may be no
:shorter than beforeo Punching and verification of cards also account for
ja very large proportion of ove~a11 proces51ng time and except for some
.econcmy in verifica 1on thero 1E ro relative sav1ng of time or ffort in

the use of EDP on theso eccounts°' In spite of these limitations, most
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Buropean offices reported savings in processing time and emphasized that
faster procoss1ng was one of the definite advantages “of EDP over

oonventional methods.'l

c);KSoope of_statistical processing,

25 - The'outstandingwfeatureS"of*electronic106mputére,~i:e&5ﬁstored
programnme. logic; ‘electronic’ spéed and: large storage capacity for immediate
and;autpmatiewaccess_totinformation~have*broadeneiﬁthefscobe-of“f
statisticaltproCeSSing immenselys - This:is anieiperience confirmed by all
Furopean offices which. have. .introduced EDP,  ‘The broadensd sc6pe’ comprises
vmathematical-statistical~computationsy.computationfof4compleX”indices,
econometrics, large scale seasonal adjusitmentis as well as mire detailed
and new:tabulations which were-found impossible -6r cumbersome of 00

.costly with conventional equipments

a) s Flexibility in planning and execution

é6¢#i This Wide scope of EDP applications is largely due. to the very
high degree of freedom and fleXibility in planning the processing. on a
computer Which make it possible to take into account more ;statistical
specifications than wa.s pOSSlble before.v On the.other hand,- the. planning
and programming for EDP 1s a lon Job which has .%o be completely spelled
out before prooess1ng can commence.. Even a.very small change.in
specifications subsequently may require reprogramming of a 1arge part

of the programme and thus delay processing seriously. Several Buropean
offices have learnt from experience that merits of EDP are seriously
undermined if.processing -specifications are modified ‘often during-pro—
gramming;ixmnis,inflexihilityﬁinAexeoution of ‘processing is probably one
of”thegmcst serious-disadvantages swith EDP,. With' greater ‘sxperience
leading to.better appreciation of ihe -linmits of EDP and recent *technical
aduanceshingcomputer»design}and_programming techniques, ‘this shortcoming

may. be expected to.bescome less potent:in the ‘near futures -~



E/CNw14/bAS 3/12
.Page 12"

GRS Accuracy of EDP

27 There are two types of accuracy to be considered When dlscuss1ng

EDP and its merits.:- One is the technical performance of the computer

and the aux111ary equlpment, and’ thé’ other statistical accuracy of the
,Gollected datas: The technical- performance. of.. computers has now' reached
& very: high .level,: .In:-the: statiStiCal'offices”which-were'among the first
to ;apply: EDP: and ; have +the.-most.old—fashioned equipment, instances of
reading and . punching errors, eérrorst.due to unsuccessful. internal
\transfersmandainformationﬁlostrbecauSe~of:trangfereﬁoﬂbad;spb%éhdn the
imagneticstapes,uare;notaunknownﬁchhese”officesfhad?to?programme“special
‘checks which would Signalhif;the“computerfdid uos -wozrk satisfactorily.
:The newucomputera,-hoWeveryiarewlargely selfscheckinget~Standardﬁsecurity
which may arise due to malfunctloning of the computer. . Compared with
conventional equipment this is an absolute advantage.> Far more encourag-
Ing ¥s" “the" experience of the European statistical offices in the efficacy
of the” oomputere in detecting and even correctlng errors in the statistical
data. " Most of “thé statlstlcal offices reported that in this field the
Zcomputers ‘had been extremely successful and that the degree of accuracy
‘control obtained’ through EDP methods would not be poss1b1e by any cther
known' mothods, This view was confirmed at a recent meeting of the ECE

WOrklng Group on EDPQ

f)' Maintenance of electronic computers

»28g:;HElectron;cjcomputers require’ frequent mainternance by trainéd
engineers for effective operation.: i Some Bubopesr’ offices:employ their
own engineers, but smaller-offices-ordinarily get their® éguipment-
maintained by the:manufacturers. In places: where the ‘manufacturér-is not
able. to guarantee.full maintenance, and~ it is not ‘possible to-eiiploy a
fully trajned engineer or hivé-edsy accéss to:8pare -pexts a computer

could become a serious liability.
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g) Staff recruitment and7%ralning

2%, Buropean experience with reéard'témetaff recruitment and training
indlcates that more qualifled people are required for planning EDP than
planning conventlonal process1ng and ‘that the- trainlng period necessary
for even well quallfled recrults W1ll be from 6 612 months. -On “thé -
bother hand, mechanlcal operatlon of EDP equlpment does ‘not - reQulre any

special qualificatlons.

30. Recrultment 1s often more dlfficult for‘EDP'than for conventlonal
It 1s o

proce331ng due o, relatlvely hlgher qualifications requlred.hw

necegsary thaw all staff members be able to read the language4 f theﬁ

computer manuals. Shift work, often necessary with a. computer,.also )
tends Yo, render JObS in .an. EDP 1nstallat10n less attractlve Without )

compensatory beneflts in salary and terms of serv1ce.

31. Therrequmrements;asmto staﬁﬁjrecrultment;and%training therefore. .
. geém 0 be .amongst the disadvantagesof EDP. : This-may be changed :if, more
co~operation-and exchangé :of processing. plans.and.programmes can.be . .

rarranged,

N . To summarlze, the advantages of EDP in statistlcal work in )
‘European offices are 1n general 1ncreased prgceesing speed, wider scope
in processing applications, accuracy and flembll:\_'by a'l', least in planning
while the dlsadvantages have been the requlrements with regard to etaff

recrultment and tralnlng and rlgidity in executlon to a certain extent.

As to the ccst, no deflnlte 1ncrease 9 decr _se has in general been

jard

;observed.x On balance, though the experlence of the European statlstical
offices, with electronlc computers 1s not many years old, most N
statlsticians now regard EDP as 1nd1spensable and belleve it will be

even more s6 in “the yeare "t COMG ¢
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ITI. EDP Prospects 1n Africa .
- A Case Study )

32. . A few national statistical offices in Africa (the Unlted Arab ;,”
Republic, Senegal, Ivory Coast Congo-Leopoldv111e, the East Afrlca ;ip
Statistical Department and Madagascar) are already either in the process
of acquiring electronic data process1ng equipment or are seriously
considering the feas1b111ty of d01ng S0 On the other extreme there

are st111 a few independent countries in Africa (Ethlopia, Somalia, :
Sierre Leone and Mauritanla) where statistical offices are without even
a conventional punch—card 1nstallat10n.' The maaority of the national ™
statlstical offices in Africa, however, have had “some years! experience in
. the use of conventional mechanical data procesS1ng equipment and ‘are ‘in
need of guidance with regard to ‘Future plins for thé: ‘expansion of = -
replacement of:‘such equipment. . Keeping in view (a) :the-projected
*expans1on -of .statistical activities in all African. countries, . (b) delays
and problems:encountered: by many countries during the processing of .
current statistics and results of recent censuses and household,surveys,
(o) near~revolution in data processing techniques and equipment since
punch—card equ1pment was flrst 1nsta11ed in most African countries, -and
(d) the extent of exploratory and preparatory Work required (3 to' 5 years
1n some cases) for the selection and’ 1nsta11atlon of neW equipment, L
f-especially electronlc computers, and long delivery “time (2 years) for =
such equipment, it seems highly prudent for ‘African countries to review
the prospects of EDP in connection w1th their future data processing '
requirements before acquiring further conventlonal equipment. ‘Such a -
:review at this stage may help in a Judlcious planning of future expansion

resulting 1n substantial economles,'

33, In order to prOV1de some guide llnes for such a rev1ew the ECA
Secretariat undertook a case study of data precessing requirements and
possible EDP applications in Ghana early this year. The aim of this

case study was to collect information about data processing reguirements
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1n the Central Burean of Statistics 888" typical representative of the

n-stailstical,officeS3 and based on this 1nfermation to investigate

;e such in the

} . Lty ;,er possible-

. _f’conventional punch eerdu quipmen% by5'DP equipmento It
“s" not a feasibility study. which can afid st only be undertaken by the .

statistical office 1tse1f, if 1t is convinced of the need for such a ;"

study

Statistical Requirsments and'Precesslng Work—load.f'”

37.75: 0 he - -Government of Ghana had set up a "Committee on Creation of -
Centfal Buresdd’ of Staﬁistics" 1n 1959—60 to rev1ew -the ;activities of the

RO-ReE

then ‘Office of ‘the Government Statistician and o:. make. recommendations

;. for its future expan51on.‘ The fcllowing recommendations made by the -~

.o Committee are of particular interest in connection With this study.3

4'*’i“58;:;(5taff Requirements) The number of:: Junior Slerical” staff -
wnedt U Should” be” Kept to a minimum by maeking- the fullest use of -
_mechanical. processing equipment."'

na22, (External Trade). The principal requirement is greater speed
in the processing of trade statistics and. secondary. considera—

... tiong.are a more d&tailed item classification, 1mproved
'accuracy in the basic documents:and provision for additional

: analysis of ad hoc natureu"_w N Gheeegr meE Rl

, A(Publid’ Accounts).qa.Process1ng should as far as possible be' -
... carried oub.mechanically" and ‘should be aimed at producing. .
detailed annual publications on these groups of accounts.....?

(Population Statistics) 4 separate tofmmittse 13 Paing
%7 formed to ‘consider an extension.of birth.and death- registration

e .. .but the. Bureau should take an active part in the technical

TRAEEE T deve lopment of this subaect and should provide: processing
- facilities.". . i

_/ The-: information on which this study is ‘based was’ collected through
meetings with the Government Statistician and members of his:.staff’
_during a 10 days' vislt. to- Ghana by a’staff: member of the BCA .. ... uq
“Statistics D1v1s10n and an EDP. Consultant:from: the Central ‘Bureau of
""" ‘The authors_of this Teport: ‘are, ‘howevemy i i i i
respons1ble for any incorrect’ inforihdtion as well as the conclusions ..
drawn from it... The Government of Ghana is’in ‘tio Way: committed to
these conclusions .
;/ See "Report of Committee on Creation of Central Bureau of Statistics",
July, 1960, pp. 28~33.
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"34.. ﬁ(Mechanlcal Data; Processing). v'v. Th ‘the ‘Puture ‘4 careful
" Twatch. should be kept: on new developments in order to- keep
the machine dnstallation - up—tc—dateoh (The Committee..
expressed, . the, _opinion.that Ma%t some stage in the future,
electronic oomputlng equipment- may; become. necessary'™’’ ‘
and. set Up a working party to adv1se Governments on: the
possible applieations of :8uUch equ1pment.' ‘The Uorking Party
had’ made no progress till early this’ year.ie:
B35 - The Commlttee also drew up a comprehens1ve "Statement of
Statlstical Requirements“ 1isting all series which the Central Bureau
was requlred ‘o 1mplement progres51vely to meet the 1ncreas1ng demnands:
for statlstlcal data for’ development plannlng.' It 1s estlmated that
as a: result of proposed expans1on of statlstical act1v1t1es the volume
-of statistical data £6°be colleoted and processed WOuld 1ncrease’20~36
pex:. Gent.. per annufii-< Thus, even W1th a conservatlve estlmate of 207 bnnual

increase, the volume of - current statlstlcs w1ll double 1n about four years.

36,7

that hlgher processing -‘speed,- accuracy and more tabulations ‘arefdnted

The bas1c requlrements llsted in the precedlng paragraphs 1ndicate

even though the. avallabllltv of both professlonal and clerlcal staff .

will contlnue to be a 71m1t1ng factor,'r

YA At present, mechanlcal data process1ng 1n the Central Bureau of
Statlstlcs 1s organlzed 1n tvo separate unltS°’ Mechanlcal Processing
Soctlon for current statlstlcs, and Census Office for procéSSlng of
1960 populatlon census dataa The staff pos1t10n and the type and
Tables 1 and 2. The p051t10n with regard to the Census Offlce 1s

-1ncomplete as punching and veriflcatlon of data had been ccmpleted earlier,

2

38. In additlon to the’ Cen*ral Bureau of Statlstics three’ 6ther
Government departments (Ministry of Foreign Affairs, Office of the:“f:mm
Accountant Generalland Local Sslf Government Department) together had

5 tabulators, 4 sorters and collator 4 reproducers, l interpreter and

24 punnhes and verlfiers. The character ‘and- volume of data process1ng

operatlons of theSe depertments could not;ihowever, be studled due to

lack of time and other dlfflcultlesn
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Grade . . .  No. of employees’

Mechahical Processing Sectlon'

Senior Officer. .= if

1Processing foicer i 241

Senlor Processing A531stant .Si

Process1ng Assistant 6

Machine assistant (punchlng personnel) 21
Total '——7—

Censug Office:
Unspecified 20

g/» Excluding punching .and verification pefsdnﬁél

Table 2. Data processing equipment in:-

Central Bureau of Statistics in 1962. ..

Type of‘equipment‘ "Jl’””i Number of machi

o _ , :tw i g Mech.Proc.Sec. = Census Office . Total
Punch : “ 17 = 7.
Verifier 9 - 9-
Sorter- .5 o qi
Collator 1 1 i
Reproducer . 1 1 5
Interpreter 1 1 2
Tabulator 2/ - 4
ESM 101 (with Summa,ry punch) - 3 3

Y S N

.;/ One of the tabulators is equipped with a multiplying device
which permits some calculatlon at low speed.x.
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39. Measured'by the volume of datd processing input, ties number :of
detail cards, the processing requlrements in 1962 were rather modest,

In current statlstics the number of detail cards was abouﬁ one mllllon,

of which Foreign rr‘ra.d.e Statistlics accounted for almost one thlrd

(See Table 3). In additlon to current statistics the 1960 Population
Census which was being processed in a separate mechanlcal unlt (also ﬁnder
the control of the Government Statistician) accounted for another 7—8

million detail cards,

Pable 3 : Volume of data processing input in 1962
.Number of Detail Cards

A. CURRENT STATTISTICS:

Foreign Trade staf%eﬁiee 312,000
Labour statistics tfj " 50,000
Migration statistics : .80, 000.
Civil aviation "l +20§000;
Government accounts = . 80,000
Exghange : eondrol. .. 134,000
‘Educatlon statistios 28,000
Import licences - 36,000
Sceial survey - 20,000
Hospital statistics 16,000
Local council sfatistics 66,000
Ineome tax’ ' 52,000
Shipping and aircraft 10,000
Trénsport facilities 4,000
Motor registration and licences 114,000
University aﬁswers 12,000
Estimates = . 8,000
Total, Current Statistics S i}b@é;ood

Population Census ' 6,700,000
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40. . Taking 1nto account the present stage of statlstical development
in Ghana and assumlng an annual 1ncrease of about 207 in the volume ofh
data collected, current statlstlcs W111 represent about 2,1 and 4.
mllllon detall cards to be processed in 1966 and 1970, respectlvely

(See Table 4) As to census statlstlcs, 1t is not unllkely that thereﬁ
,w111 be other censuses and surveys in progress (e.g. 1ndustr1al census,
agrlcultural census, household surveys etc.) Which together W111 account
for the same number of detall cards in 1966 as the populatlon census d1d
in 1962, In 1970 there will.probably be another populatlon census.
Assuming a 2% annual 1ncrease 1n‘populatlon, the number of cards to be

’ “%the order $£~7:7 million. The

processed for the 1970 census m'y’be
total number of input cards for current ‘and census data will thus
increase 50-60% between 1962 ‘and - ‘1970,

Table 4 Estimated data ‘processing input volume "
tin 19629 1966 and 1970

. Nurber of Detail Cards

C. 1962 1966 - 1970

o R R v K

Current statistics® 1,170,000 2,100,000  4,3004000

Census statisticsug/ 6,700,000 .. . 6,700,000,  T75700,020 .
Potal 7,800, 000~ - 8,800,000 12,000,000

_4/ 20 % estlmated 1ncrease per year rounded off to nearest 100 OOO

_/ Data process1ng 1nput volume for census and survey statlstlcs LT R
1966 is assumed to be ‘the same as in 1962, In 1970 & new population
census is assumed and the volume is based on 2 % annual increase in
population,
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41%\* The number of detall 1nput oards does not, however, glve a
satlsfactory measure of the data process1ng workload s1nce some statlstlcs
are 1ntens1vely processed w1th1n a short perlod while others are less B
intens1vely processed or processed over a longer perlod. Table 5 shows
the data processlng workload in 1962 1n terms of card passes through ‘the
machlnes.f It appears that the number of card passes per detall card 1s'
much less for census data than for current statlstlcs 1ndlcat1ng that the

latter should be ass1gned a greater Welght when estlmatlng future data

proces31ng requlrements.

Jable 5 : Data processlns workload 1n"l96?'

Number of Card Passes

-Gurrent .- Census_, ;/5% .Total .
Statlstlcs Statistios D
Sorter : 5399§§1081;.52 000, 000 o }05,943’081
Collator 2,413,893 3,500, 000 5,913,893
Reproducer 1,562;835ﬂ ‘ 650,000 2,212,835
Interpreter 708,886 27,000 735,886
Pabulator 274136738265 6,000,000 28,367,826
ESM 101 I 33,000,000 33,000,000
A1l equipment 80,996,521 95,177,000 176,173,521
425f; Future statlstlcal needs would also reguire a more .intensive

processlng of current statlstlcs 1n order to obtain more tables as well
as greater ‘details "in the existing tabulations. Pre01se specifications
were not stated, but as the present tabulations are relatively simple it
may not be unreasonable to assume that future requlrements 1n thls reSpect

will 1ncrease about 10 7 per annum. Thls, together w1th card 1nput, glves

an overall annual 1ncreasefof about 30 ﬁ Wthh also was the ‘aetual increase

_/ Card passes for census statistics are estimated from prellmlnary reports
on utilized machine hours, Jan.-Nov., allowing for about 30 % handling
time in addition to the machine speeds for the different types of
equipment
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during 1962+~ 0n the- other hand the populatlon census tabulatlon plansg::
seem to be’ well- developed and there 1s no ba31s for assuming -that. fyuture..

census work will’ be more 1ntens1ve than the 1960 populatlon censuss

43. Table 6 is based on these assumptlons and .shows that -the ‘current
statistics’ Workload in 1970 w111 1ncrease to aboutm9 tlmes the workload

in 1962 ‘whils' the-total pr009381ng workload including census. data: prooeselng

will increase 5 times during the same period.,

Table 6. 3 Estimated 'workload in 1962, 1966 and 1970

Number “6f Cérd Passes’

Current Statisticsé/ 80,996,521 235,000,000 730,000,000
Census Statistion 9551757600 -95;0005,000" 110,000,000

7639737551 330,000,000 870,000,000

44. These estlmates do -notiallow for any change in processing methods

{o improve accuraoy”of data processed One way of inoreasing the accuracy
of the statlstloal results 1s %o invest more effort - 14 f16” collection and
recording of prlmary data.. Another method: is %o 1ncréééé'%hé:ﬁeoﬁieo§

control in the prooes51ng stages through the applicatidn ‘of more thorough

editing of the collected data. Both methods requir: ‘incréased’ manualyeffort
which is 1ncompat1ble Wlth the requlrement that the-elerical” staff should
be kept to a mln1mum.¥ The dcouracy can, however, bs:raissd by extendlng
the application of mechanlcal proces51ng equipnént ~to statistical’ operatlons

which at present are manually performed, e.g., editing of- computatlons and

a7 The workload fof oﬁrrent statistics is based on the assumption of 20%
annual increase in input volumes and 10% annual increase in number-of
passes per detail card due to 1ncreas1ng tabulatlon requlrements

2/ The workload for census statlstlcs -is aesumed unohanged from 196¢ T0
1966 whlle “the load for 1970 is 1ncreased to correspond to 2% annual .
increase in population from 1960 to 1970. The number of passes per
card is assumed unchanged.
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preparation of manuscript tables. This will, if gourses . increase the
future processing workload™ even beyond the flgures shown in Table. 6.
It-isy; however, ‘not’ possible to make a quantltatlve estimate of such:

increasge.,

45..... . Another requlrement of "the Bureau for data process1ng .is fastens

results. This is partly s questlon of avallable capacrbya But it alsor..

depends on:. the extent- to whlch manual proces51ng operatlons can be

substituted by mechan1ca1 prOcess1ng since the overall processing speed

today seems to be 1arcely determlned by the number of manual: 4interruptions.

Foreign Trade Sﬁatlstlcs, Whlch, 1n Ghana as in most other countries,
have processing priority over other current statistics, are processed

according to the time.schedule shqujin Table 7.

Table 7 Tlme~sohedu1e for;process1ng of

Monthly Foreign Trade Statistics

Targgtﬂdatgd ?qg‘_w _/'
Processing stage 3 L .f:tbComplejlqn of: ‘operation -
1. :'Manual preparatlon i 90 of et month
é?xquunchlng, verification.~. ~. & - “D3 of 1s%'55nﬁhj
3. Mechanlcal .sorting and. control™” 26 of" 15t month
4. Manual correotlon Lo e 2-of énd'mBhfﬂa
5.i_ Mechanlcal sorting. .. .- ¥ 7 of “2nd ﬁghﬁh'
'6;i'yNanua1 check and correction - ' 9'of ond month
7. MﬂMechanlcal processing . . 16 of “2nd nonth
S.Mf?Nanual check and correotlon ' ?3'6f‘2ndfmonth’
é%ﬁfﬁLayout for prlntlng L 3 é6:of'2h&%mohth
.O:ﬂﬁcPrlntlng 3 of 3rd month

a/ The target datés are typital for those used in 1962. The. months =
indicated are those: following-the month to which “the data relate..:’:
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It will be-seen.that out:of about 60 days from the end of .the month for
which data are to be processed until printitig §tarts only-about-25%:of

the: operataonS«are:mechanlcal (Nos. j, b and”?); the rest are manual and,

therefore, unréTated: 40 the: speed or:; oap&crty(f ‘the maohlnestlnstalle&.

Utilization of present equipment

46, Based w . the material available, it was aiffidictt bo- evaluate the
utilizétion of the ‘present data’processing equlpment installed in the Central
Bureau of Statistics. The figuPes in Table 8 must therefore be 1mterpreted

as’ rough 1ndlcators and need some comments.

47u l In the Meohanlcal Process1ng Section 2 shift working was- reported

and the potentlal number of hours per machlne unit for one monthiis.-there-

fore assumed to be 250 hours(@ 35 hours per shift per week). All units

are. assumed to have been in Py all the twelve months. Number ofweard~ .

passes, which is the only s1gn1f1cant 1nformatlon available regardlng

utilization of different types .of machines, have been converted 1nto maohlne

hours by dividing with two—thllds of the machlne speed. This means that

the estimated machine~hours in Table 8 allow for 50% of the real runnlng
_Itlmes,for card.;-—}ha,qd.llngo machlne'oontrol, etc.. Even with untrained operators

this“iswg”Wi&e"margIﬁz

48. For the Census processing only one shift has been assumed and the

potent1a1 numbor of mach:u.no hours is estlmated as 140 hours per unit for each

of machrnesa- mhls'does not neoessarlly mean: that there 1s an -excess of

'equrpmentu Considering taat forelgn trade statlstlcs are the most ‘important
~single job in the Mechanical Processing Section, and that the work on this
‘job must be concentratdd within a short period each month, the need for all
the equipment installed becomes evident. However, by co-ordinating the work
of this section and the census office it would probably have been possible

to save some machine units.
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’Table’8“é UtiliZatEOh'of-data“proéeéSingjeQuipment-inf1962

Number . Potential no. Hetimated Utilization®

Type of .equipment of. unlfs gﬁuizc#%éf_/~ ?4'zg$:§rlgf percentage:;
. avallable use
Mechanlcal Processzng ,

Sectlon R
ESorter 5 16,800 2;023 4;2
Yoirator: = 1 13,360 181 5
Reproducer ) 1 35360, 396 12
Interpreter 1 3,360 364 9
Tabulator ... . 2 6,720 3,729 55
Census Offlcei
Sorter | 2 3,080 1,740 55.
_Collator , 1 980- 234 24
'Reproducer o 1 840 162 19
Interpreter 1 T 420 12 3.
Tabulator R P 25100 1,018 49
Bsw 101 3 35220 1,088 34

_/ Potentlal number of machlnehours avallable ig assumed to be 280 ‘hours
per machine unit per ‘month in the Mechanical Processing Section which
“works 2 shifts.. In the: Census Office the. potentlal is assumed to’ be
140 hours per machine unlt per month in the months in which the unit
has been reported used,

ﬁ/”'For the Mechanical Processing Section the number of machine hours used
.. .is estimated by l.5 x number of card passed/speed of the machine unit,
’ Whlch allows for’ 50% Thandling timé in addition  to running time...
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Computer Svstems considered

‘50; ih Before relatlng the present and the future process1ng workload Ain-

:the Central Bureau, 1t seems prudent to emphas1ze once agaln that thls is

tnot a feas1b111ty study on which the deolslon for acquLs1tlon of” a computer

jsystem or otherw1se ‘can: be based. The . purpose of the study is. merely o

preSﬂnt some cons1deratlons whlch may lead 0 & more thorough study offthe

kproblem in Ghana and 1n other countrles 1n Whl_h.the data processlng problems

'7As stated earller the Central B

are of 81m11ar cheracter eau of Statistics

in Ghana had already env1saged the neoess1ty of studylng thls problem .care-

fully and had set up a separate worklng party to adv1se the Government on

ViData presented

.the poss1ble applicatlons of electronrc Compzdf . f
”ln the fO].lOTTlng parao‘raphs Should Serve as a useful startlng polnt fOr the

'dellberatlons of this Worklng party.

:5l3t At the present time there are several hundred different eleotronlc
"computer systems in the merket most of Whlch can be aoqulred w1th dlfferent
:comblnatlons of’ anclllary equlpment. To select one or several systems ‘out

of these would be’ rather arbltrery with the information avallable for. this
study. Instead of using some specific computer system ' this study has,
thetefore, been based on cornsgiderations of cost and computer - oharacterlstlcs
which seemed relevantffor a'data.processing workload of the" s1zeeandu-
‘compoHsition found 1n the Central. Bureau ‘of Statistics in Ghana.:'TWo s&stems
were exXamined. Flrst, a medlum s12ed computer with an internal storage
capacity of about 5000 characters which is adequate for bulldlng up standard’
tables, maklng s1mple calculetlons ‘and edltlng controls. "The 1nté}£51 speed
is, supposed to be fast enough to do these s1mple type of operatlons betWeen
each card read.' The card reader and card punch are assumed to work Wlth
speeds of 800 and 250 c.p m. Whlle the prlnter 1s assumed to work at the same
speed as the card reader. It is also assumed that input and ouput operations
can proceed simultaneously. This system is characterized by items a,b;c and
d in Table 9. Alternative two, representing more expensive tape computer
system, was assumed to have an internal storage capacity corresponding to
10,000 characters, and 4 magnetic tape stations with a maximum speed of 20,000
characters per second. In all other respects, this system was assumed to be

identical with the first.
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52. It Wlll probably not be possible to flnd a system w1th exaotly
“ege onaracterlstlcs. Conclusrons based on these assuned characterlstlcs
héwever should no'% dlffer ‘uch 1f some real computer system of corresponding
dharacteristics had been Used. 'nxamples of “such’’ systems 1nclude IBM 1401,
TOT 1500 RCA 30T and’ Gamma’ (Bull) 3., The car& computer system W111
"perform the Work of tabulators as Well ss reproducers When used as summary
:'punches connected to’ the tabulators. “he tape computer system can 1n

“Hddition” perform the ooeratlon of 'sSorters and collators. S

Table 9 Descrlptlon of the features of a medlum

'T:cost computer system for data process1ng

No, —— h._ _f',,‘y yu”; ,Mﬂ, ;Wr:fv,;Purchase\
i . of o e o Monthly  price and 5. year
_9??nge?hv?}f§,: - Units_heépa?l#yf;: ?Pfféﬁ Charg _/ . maintenanoe
: M E - ALl PR 1 R . US $ US $y
|a) Central Processing . 1. . 5000-10000 Stor. .. 1500 90,000
o Unlt "~ 7 " charaCters Cycéle¢ 10
R - T ;ﬁm“*microsec}
¢)--Card- Punch - 13 “80vco1, ”r,“250 Ce D.mi
d) Printer . 1 - ~130-ch:p.L.. 800 lipems - 700 42,000
e) Tape. Unit - 4. 500..6RiPs 220,000 7Chs. 2000 120,000
' ineh DeSes 15
‘milli&econd

‘start—-stop +time -

._/ The monthly charge is average charge for one shift utilization.

_/ The purchase prices include about 12 to 2 shifts maintenance cost
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Machine utilization

53. Following the prOéedureAgmplpysﬁlipgﬂgblggﬁﬁto_esiimatelthe degree

of machinc utilization for nhe uorkload in 1962, the likely utilization of
different types of conventionsl equipment at present insﬁalled”in"thé'cenﬁfel
Bureau on’ the basis of the dqtlmated workload in 1966 and 1970 is shown in
Table 10 as percentage of theoretlcal oapaolty of each ma.ch:Lneo In practice
it 1s not poss1ble to attaln lOO per cent utlllzatlon of theoretical -capaeoity
because of varylng Workload Lrom one perlod $0 the next and stOppages due

to maintenance requirements. qowevery in order not to exeggerate the needﬁ
for ad&itionalnoonventional equipmenfuto procese increased workolads in - -
subsequent years full utlllzatlon has been equated to theoretical capacity.
Subsequent estlmates are accordlngly welgmed in. favour of conventional .. :

equlpment in comparlson w1th EDP,

54. Table JO indicates that even with max1mum use of tabulators for current
statlstlos in two shifts, a subetentlal increase in the number of tabulators

must be.expeotedn

55. “In order to make comparisons writh EDP the’workload and capacity of'

the computer sysitems for statistlcal processing must be eéfimated. It is
convenlent to convert the. workload. expressed- in Table 5 as numbér of card’
passes into a number of standard operations. The standard operation has

been defined here. (after congidering the. character of’ forelgn trade process1ng)
as comprlslng a sort, collation and tabulatlon of 25 OOO cards W1th 80 column
information and on a data classification’ key of s1x dlglus 1n the _case of '
sorting. The reproduction work is assuned to be mainly summary punchlno

which can be performed simultaneously with tabulation. A standard tabulation
operation speed is assumed to be only limited by the card reading speed. " This
is of courselonly true with the simpler kind of tabulations which are performed
by tabulators, On a computer more sophisticated tebulation will usually be
performed in which the internal speed may be the limiting factor. In this

case the number of operations will, however, be reduced with an overall effect
of probably less processing time. Table 11 shows the data processing work-—

load for a computer in 1962 in computer hours.
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Table 10 : The Workload for conventional machines

expressed as utiligation percentage 2/*

‘1962 1966 1970
“Ttiliz. | Wo of | Ubtiliz, | Wo. of | U%iliz.| No. of
- % machines | - % | machines % ‘machines
I ' N DU L L required - required:
Mech.Proc.SectionB/“
Sorter 12 5 35 5 108
Collator 5 - 1 15 1 s
Reproduoer 12 1 35 1 108 | 2
Tobulator . .. 55 2 160 3 495 10
Census Office_ . L
Sorter 55 2 55 L2 64 2
Collator 24 1 24 1 28 1
Reproducer 19 1. 19 1 o2 . 1. -1
Tabulator - " 49 2:: 49 2 | 57 2.

'a/ only conventional machines which may be replaced by a computer system
“ ' are considered T

b/ 2‘shift'operatidh'%ith'ZSO'houfs'per:month
¢/ 1 shift operation with 140 hours per month
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Table 11 : Data preeesSing workloéd“ip_l962¢

for a computer

. Speed per standa“d ,Nog;df-standard Horkload:
- Bype 6L opeTatifn ey o operatlon‘éy ‘ _ieperetiqge EZ;iF.hQHTS‘
e el els hours -
’Current Statlstlcs : o . -
rtihe 15 360 540
0011aﬁcl‘on"_" - 97 . -
Tabulatl Q;6V 895. 537
. 0.6. ~40 Lol
Cmotat” N 1201
Census Datajé‘ . - :
Seiting 1.5 346 519
Collation - 140 -
Tabulation g 0:6" 240 144
Card-to-Tape : LES 240 144
Total - - 807

af-20% handling tifé is assumed. As this is no real computer the times
are of course only indicative. Time reguired for collatifbn of data-
is negllgeable S

_/ A standard operation comprlses 25000 cards of 80 ch. records w1th 6 digit
key incase of sorting. The number of operatlons is deduced élrectly'
from Table 5. - g w

_/ When applylng tape, transcrlptlon from cards to tape must also be Faken
into account.
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56 Assuming a tWo-shift working or 280 hours per month (diregarding

the need for maintenance etc.), the ‘utilization percentages for the two
computer systems for the estimated workloads in 1962, 1966 and 1970 are

qshown in Tahle A2 Phis rfable Indlcates that in-the cage of & card

cbmputer sys em it w111 be necessary to retaln the sorters and .collators

(be31des +hé’interpreters and 10;& hlch are not _congidered . at. all. here)

.The computer'W1ll f111 one shlft in 1966 and exceed two shlfts some tlme
between 1966 and 1970 thus requiring the introduction of & thlrd shlft

which is not unusual in EDP. As to the tape computer system it only
illustrates that oheap card sorters have been substituted by expen51ve

tape’ 'sorting which’ would overload the two—shlft system even before 1966.
This is a very common finding implying’that if no new methods are 1ntroduced
to redtice necessary sorting or if no speclal advantages are gained such

as higher accuracy, faster processing, etc., it is difficult to conslder_

a tape system if the whole processing load is not greater than in Ghana{ -

Tabléfi2 : The workload for computer systems

A . a
Ixpresged as utilization. percentages —

1962 e L1966 . . 2970
Utiliz. NOo of UtlllZa No. of Utiliz. No. of
% Ma.chines % ___ Machines % __ Machines _
(1) Card Computer
System
Current Statlst1c35
Collator 5 1 15 1 45
Cenisus Data
Sorter 55 2 55 2 64
Collator 24 1 24 1 28
Card Computer 20 1 50 1 L50
(ii) Tape Computdr
Slsﬁem
Tape computer 57 ' 1 120 1 330 2

a/ 100% utilization corresponds to two shift working (280 hours per month)
while 150% is equivalent to three shift. work or 420 hours per month.
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EDP vs. Conventional Bauipment
B - (a) Sccpej accuracy and;processlng speed
57 “_ We have so far only cons1dered the mechanlcal proces 1ng Workload

in the Central Bureau of Statlstlcs in Ghana as it can be obServed today o
and made proaectlons on the assumptlon that 1ts character and compos1t10n
:would remaln unchanged. It is reasonable to expect that the Ceutral Bureau
will be 1ncrea31ngly 1nv01ved in the comlng years in such operatlons as
1ndex calculatlons, control ratlos, and more sophlstlcated edltlng. These
operatlons can be performed more or less in conJunctlon w1th other computer
processes without requlrlng much extra t1me. Wlth convpntlonal equipment,
however, they will® requlre other equlpment such as punch card calculators.
This was recognized in the Central Bureau of Statlstlcs where one tabulator
had been provisionally equipped with nultiplying device and the acquisition
of a calculator was being seriocusly discussed. There are also other fields
which in a few Jears will requlre computational aids e.g.y seasonal adjusi-
ments, analytlcal research and forecastlng. For these -at least a small
card computer may be 1nd1spenswble, A tape—computer system, if sufficiently
planned, will in addition facilitate storage of data as the information is
kept in a much more compact form. The more 1mportant advantage of a tape
computer will, however, be a system of statistical readlness Wthh W111 make

possible a much faster retrieval of stored information to meet ad hogc requesis,

58. Modern ccmputers are now reputed to be very reliable and the leading
manufacturers do not seem to be afraid of backing comouter 1nsta11at10ns

with full maintenance contracts. The supremacy of computers eres regards
.technical ‘accuracy has already been underlined in para 27. - Thiough automatic
editing and integrated-data processing made possible with EDP, accuracy is’
improved with controls  built into the programmes and by reducing the- -
number of errors due to manual handling. -The last fact may justify the ‘use
of evén. a small tape computer as manual’ handllng ‘is much less with such a

system ‘as compared with-a card computer.7

59;U: The speed of the computers cons1dered here are essentlally hlgher than
the speeds of conventional equipment. Table 13 which indicates the _speed .
ratios between & computer system:of the “type' cons1dered here and conventlonal

equipment, shows that the real processing time will be much 1ess by 1"DP,
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but on the other hand the queuing problem 1s 1lke1y to. be mor‘&

B

than, Wlth conventlonal equlpment. Only one JOb .can, .be, processed on the

computer atwa tlme and some JObS may not therefore, be'f'vlshed earller

‘{prlorlty A

' »because they Wlll have to walt tlll JObS Wlth hlf

one is. apt to. expect because of the many manual operatlons 1nvolved.e

Table 13 Aggeed ratlos between computer system

and conventlonal machlnes

Speed tatio betwesh

Standard. ~Qpérations computer eystem/conventlonal
o machlnes_

Sorting 3. 8

Collatlon (including 2, 4

“oard=to—tape) - B , o

Pabulation’ 5.3

(b)-;Cost‘and economv,

6045 _Fven though 1t was never expllcltely stated durlng the v1§1t;to Ghana,
simplyiee

it waso understoed that any change in processlng eystems should nor
hloher proces31ng cost.than: wlth the present - type iof equlpment. The twe,mh-'
last: columns of Table 9 show the approx1mate cpst of the computer eystemsu
consideredihere. ' While conventlonal equlpment is. usuelly hlred, computerlu
systems are often purchased outrlghtﬁbeeause~they requlreymgph,moreulngesﬁr

mentdinbpreparep;onﬁend_plempingxend:mmeﬁ therefore be used for a minimum .,

_;5:,‘.-... i

;/. Theoretical: max1ma speeds are.used. both ‘for. the:computer. system and..
conventlonal equlpment.
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of five years. When using a oomputer more than one shift it will be less
expensive to purchase 4han to rent.. We.shall here. only-consider the
purchase -cost of the computer system, .which Fs.then"depreciated over

a five year period to arrive at a comparable monthly charge.

61; Table: 14 shows the: estimated cost of the difféién¥”pf68ééé{né
solutlons.for 1962, 1966 and 1970, It should be noted that the rent
of : conventlonal machlnes -is-usually raised .when they are. ;n use for

more than one shift. This has not been taken into aq;ount in Table, 14’h+

The costs shown .do not include punches, verifiers, 1nterpreters and other

equipment which will beVGOmmon to the two systems.

62, The flgures 1ndlcate that the card computer solution Will'be‘the
mosgt. economlcal ‘as long as the processing will have the same ¢hdrdcter

as in 1962. The dlfference in economy between the conventional solution
an& “the tape - computer solutlon is insignificant. Considering filing

and the frequent need for retrleval of stored data a tape computer may
actually be more economlcal, The wide divergence between-thé two computer
solutlons, one employlng a tape system and the other a card system, may
be reduced by cons1der1ng a larger tape computer instead of two mediiim-

s1zed computers in 1970.”;j“”"'

63§mm" There are other factors affecting cost including staff,; the consumptlon
of cards, tapes, electrlclty,etco. Except for the staff required none
of these factors will have any significant effect on'the-relative:costs’

of the dlfferent proceSS1ng solutions being considered.

(c) B Staff,' ‘training and organization”

“1fflcu1t obstaole 67 the - 1ntroduct10n of ‘compiters in -

64;‘ﬂ The most
’the Central Bureau of” Statlstlcs in Glana” was considered: to bethé“lack of
quallfled staff. At the same tlme, $he'” Bureau is requlred Yo keep its'
data process1ng 1netallat10n up—to—daﬁe $0 llmlt clerlcal staff to s

minimum.
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Table 14

¢ Monthly Cost of Eguipment for

different data processing solutions a/

Monthly Cost in US'$
, quipmghtA- 1962 1966 1970
+ Conventlonal egulpment A
" Sorter ' 385 385 440
Collator 200 2000 " 200
] -Reproducer 250 ~ 250 ‘.575
Tabulator 2,800 3,500 .. 8,400
3,635 4,335 9,415
. Card Computer System: : , K . Lo
~Sorter 385 . . 385 - 440
~Bollator . 200- 200 . .200
Card Computer 2,800 2,800 . 2,800
g ] 39555 3,385 34440
R G A
Tape- Lomputer System. L IR
1 Tape computer 4,800 . .. 4,800 = 9,600
3
65. *° As the.introduction of ZDP meang reduection. in machine units, better

organization:and more effiicient. use of the operators, the number of machine

operators required should.be. less with a computer system than,with_cgnventional

equipment:

learn than the operation of conventional punch card machines.

g/ The cost of punchs, verifiers, interpreters and statistical machines

" The operation :of the computers. itself is not more diﬁficult to

is the same for each solution and is therefore not included in the figures.
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_M6§,A' The real staff problem with EDP is the need for system anglysts
.“and programmers. - For these oeople nlgher gualification than those:
'.represerted 1n mechanlcal process1ng today, are reoulred. As long ‘as

the computer 1s used to s1mulate the conventlonal machines no serlous
system deslgn Wlll be necessary. Standard programmes, may be . worked out
;by the manufacturers.‘ Stlll much preparatory work w1ll remaln to be
“;done and 1t Wlll be neces ary to recrult two~- three more quallfled persons

at least 2'years“ahead_of_the planned 1nstallatlonkof‘the computer. .

YR __1The,UnitersitﬁliniKumasi has alreadyaacquired an ‘TBU 1620 ‘computer
-sinoe January 1963. .Another is expectéd to be installed 'in ‘the Ghana
Universrty,.Accraﬁ»in the near future. Facilities availablemat these two
,Universitiesaoan be used .for:training of ‘staff and for'feasibility“studies
_by‘the-Central Bureau. The staff trained at these.two installations may
.profit by studyatours»to,countrieS;applying EDP in ‘statistical worki- Due

- to lack .off personnel, training of other: programmers may be“pérformed

- within the Bureau. by the two-three trained people’ by selectiné staff members

who have: proved their interest and abilities for such Etypes of work.

68, 'The staff problem will, however, be much more difficult if the
:computers are also to be used on fields Whlch are not mechanlcally
lprocessed today. Thls w1ll requlre exten81ve system des1gns and programmlng
by quallfled people who also need statistical knowledge, and thls is probably
1mposs1ble to satlsfy w1th the llmlted personnel resources in Ghana today.
‘The problem may, however, be re solved Dby hav1ng recourse %o technlcal

'ass1stance prosranmes or by recrultlng quallrled expatrlate staff.,

:_69. Introductlon of uDP will also require certaln organlzatlonal changes.
Flrst; it w111 be uneconomlcal to cons1der the Census work separately from

_ current statlstlcs.; In “this oonnectlon it Would be prudent to explore the
'fposs1b111ty of centra11s1ng data process1ng act1v1t1es of..all other govern-
"ment departments e.g. the Accountant General's Offlce, the Bank of Ghana,
..and the Mlnlstry of Flnance 1n order to. obtaln advantages of ‘a large-scale
'0perat10n.i The hlgher and spec1al quallflcatlons requirements will need

a rev1ew of mannlng table and salary grades. From an operatlonal point of
.v1ew mhe mosb necessary changes are 1ntroduct10n of thorough time scheduling
and work control in order o obtain the necessary efficiency of the computer,

establishment of a satisfactory shift-system,appointment of shift leaders
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who are personally respons1ble for oomputer efflclency in thelr respectlve
{'shlfts and worklng 1nstruot10ns for each type of personnel. In short, a
computer reoulres a d1s01p11ne of a muoh hlgher order than conventlonal
equlpment due to a nuch hlgher cost per machlne—hour and the r1sk of complete

stoppage of Work in the event of a breakdown.

To summarlze, the results of the cage study 1nd1oate that even

w1th the present slze of the process1n0 operatlon 1n the Central Bureau
| of Statlstlcs (1nclud1ng the prooess1ng of census and survey data) a medium
s1zed card computer and other anolllary equlpment may prove to be more
economloal than’ the conventional equipment installed at present "iith
a-further increase in prOCess1ng load as a result of +the “implémentation
of the longterm promramme of statistical development drawn up by thé Bureau
" the @ifference in relative costs of conventional equipment’ and a ‘card
computer‘system"W1ll 1norease‘progressively in favour of the'latter.
Besides; ‘a computer system will make it possibld to broaden the soope of

4fprooessing'so as to include more detailed tables in the existing tabulation

" plans, index calculations, -control ratios and seasonal adjustments.  If the

Central Bureau is required to assist the planning authority in’ makikg
,progeotlons, 1nput—output analysis and undertake other analytlcal research
a computer system would appear to be 1nd1spensable.“ A computer system will
..also reduce. to the m1n1mum technlcal and statlstlcal errors ar1s1ng from
:imalfunctlonlng of . equlpment and manual handllng of data. A computer system,
k:however,‘ralses staff and organlzatlonal problems, Vhlch though not )
4p1nsurmountable, wouldneed careful 1nvest1gat10n before the 1ntroduct10n of
iDp 1n Ghana, or in other Afrlcan countrles s1m11arly plaoed oan be ~definitely
”recommended. The problem of malntenance of’ electronlo equlpment also needc
‘much closer scrutlny than was poss1b1e durlng the short perlod avallable
“for th1s case study. The results of the study nevertheless have establlshed
a strong oase for a detalled and carefully planned study by the Central
.Bureau of Statlstlcs to. determlne the feas1b111ty of 1ntrodu01ng UDP for
the present as well as the antlclpated Workload 1n the future. Actual change-
over from oonventlonal data processln methods to hDP may take 5 7 years due
%o exten51ve preparatory Uork requlred and a 2—year dellvery perlod usually
stlpulated by manufacturers of oomputer equlpment. If, therefore, the
cons1deratlon of JDP 1s postooned further, 1t may result in great losses

1n future statlstlcal efflclency.
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IV, CONCLUSIONS

7O.H;: It Was. observed in.Section II of. this paper that only after 5-6
years' experlence with eleotronlc equlpment statlstleal offices in

l‘urope have accepted ”DP as 1nd1spensab1e for accurate.and fast processing
of” statlstlcal data and for analytloal research., The. installation of
‘electronic’ compuperswas also reported by statlstloal offices.in: Indla,
’Japan Korea, New Zealand and the Phllllplnes at the :last session of

:the Conference of A31an Statlstlolans.l Thalland is to have a computer
~shortly, and Malaya and Paklstan have provided for computers . in . their

‘1ong—range programmes.

T%l; . Amonget statlstlpal offices in Africay arrangements are wsll
.underway for the establishment of an "Electronic Computing Centre“ in
:Calro, attached to the Depariment of Census and Statistics.  The purpose
;of the progect is fo. establlsh a .complete nmulti-purpose: electronic digital
%computer w1th all anclllary equipment requireéd for input and output of

data_ln,o;der_to k

(a) enable timely processing of data 1n ‘various flelds, partlcularl
agriculture, in view of its’ 1mportance in the economy of the
~UARj
(o).”facllltate plannlng, implementation and follow—up of developmen
| in the agricultural: sector and roloted fields;
:(o) 'prov1de_tna;n1ng.an:the mechanical processing and'cheoking

the qnality of data.

The Centre (Whlch isbeing sponsored JOlntly by the Government of the UAR,
the Government of the USSR; the United Natlons Bureau of Teohnlcal A331stan
Operations,. and the Food and Agrlculture Organlzatlon as part of the
Bxpanded Programme of Technioal Assistance in the UAR) will . be- established
in two stages In the flrspvstage which is sclieduled to be completed in
.the course of three years, 1t should meet the requlrements of the UAR alone
m the seoond stage the centre w111 be expanded to meet the requlrements of

5/

other countrles in. the'"Near Rasgt" reglon =~y | partlcularly for prooe551ng

57 Inoludlng Afghanlstan, Iran, Iraq, Jordan, Kuwait, Lebanon, Libya,
Pakistan, Saudi Arabia, Somalia, Sudan, Syria, UAR and Yemen.,
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data of the 1970 world censuses. FAO, it is understood, plans to consult
with Member Governments and suppliers of computing equipment for the

establishment of similar centres in other regions, if feasible.

T2.  No precise information is a#éilable regarding plens for installation
-of EDP equipment in other African coﬁntriesQ The results of the case study
in Section IIIT, however, suggest that EDP can make a. great contrlbutlon
towards reodrientation and expan51on of statlstlcal activities 1n most
African countries. ~Tach country will have to undertake a detalled feasi -
bility study to determihe if ‘it shonld acquire a.eomputer of “its own,

and of what size and type. Tven countries which are uneble to consider
acquiring a computer of their own in the near future may WlSh to take
advantage of EDP through "transferred proecessing" i.e., proce331ng at
installations out51de the countries where data originate, on a reglonal or
wider geographical basis. The experience of Libya with the process1ng of its
1960 Agrlcultural Census data by electronic computer in the Federal Republic
pf Germany may be of interest in this connection 6. The teohnlcal and logistic
preblems faced in this experiment and the solutions brought about have
constituted an important step towards the centralized processing of census

results and other statistical data.

73; Statistical Offices in Africa will need competent and continuous -
technical advice in the initial 'stages, fifst in the'carrying out of
fea51b111ty studies, and subsequently in systems ana1y81s and preparation

of programmes. The establishment of such adv1sory services on regional or
sub-regional basis may prove helpful as recruitment of competent statisticians
with thorough knowledge of ZDP to advise individual countries is llkely to
‘present serloua deflcultles due to acutescarcity of such personnel at the

present time. It.may also be poss1ble to.establish one or two more computing

_/ The . tabulatlon of the complete leyan agriculture census data (1nvolv1ng
947 000 punched cards) was finisghed in seven months from the start of
‘punching work. See '"Report on the Pilot Project for .Central Tabulation
of the Agricultural Census data for the United Kingdom of Libya by

" Blectronic Computers", prepared by C.K. Dilwali and published by the
International Computation Centre, Rome, 1962.
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centres llke the one proposed in the UAR in order to assist smaller .
countrles in the expedltlous process1ng of census and ‘other data,. to

ass1st natlonal statistical offides in the’ carrying out of féasibility
studles and preparatlon and testlng of programmes, and to provide training -
facllltles 1n the use of electronlc computers and ancillary equipment for

statistical data processing.

74; :d Slgnlflcant development are expected in the near-future in EDP
equlpment and technlques which may add to ‘the ‘efficacy of EDP.. The first -
fleld 1n Whlch progress may “be’ expected in thé coming years is the trans— -
crlptlon of data from ormglnal documents, such as ‘completed questionnaires,
to machlne orlented medla (punched cards, paper tape, magnétic tape, etc.).
_At present such transcrlptlon is usually effected through manual punching
vof(ards which is slow as well as expen51ve. Experiments are noW'being made
hto develop equlpment which will "read" orlglnal documents and transfer the

relevant data automatlcally to- magnetlc tapes or other machine media. -

T5e ... Technlcal progress des1gned to 1mprove and accelerate the prlntlng '
of final results is also in the offlng. At present statlstlcal tables are':
transcribed manually from results printed by the computers. This procedure,
apart from being time-consuming, often leads to serious copying errors. It
is, however, possible to print the results from the computer printer directly
on off-set printing paper which is then fed into the off-set printing machine
for reproductiftn. This has been tried with great success particularly in
connection with trade statistics and population censuses. The printing by
this method islimited to the fount of type fitted to the computer printer
which is usually in the form of capital letters. According to a new method
now being developed the results will be punched on paper tape which is then
used for control of ordinary printing equipment to print the results in any

type required.

76s - Both these developments are of particular significance to statistical
offices in Af ica in view of long delays encountered at present in the pre-

paration of punched cards as well as printing of final results. Another field
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in which further developments may be of interest to African statisticians

is the use-of magnetic tapes. for flllng of hlstorlcal as, well as current

data by statistical units. All 1nformatlonperta1n1ng to speclfled statlstlcql
units ¢an thus be hooked together and automatlcally fed 1nto the comsuter

for ingtantaneous cross-reference,. . aocumulatlon or tabulatlon.' Several
BEuropean. statistical offices are now busy establlshlng populatlon and

establlshment registers onmagnetic tape flles.

77.; ‘In so far as resources .permit, thenGA secretarlat Wlll keep track of
such developments for the benefit of. the natlonal statlstlcal offices in o
Afrlca., In this task ECA may, collaborate Wlth other Reglonal Comm1831ons'i
and -interegted UN Spe01allzed Agen01es°; In thls connectlon 1t may be of g
Group on. ulectronlc Data ProceSSlng Whlch rev1ews the progress of “DP in
EBuropean -Statistical. Offlces from tlme to time and also organlzes dlsouselons
on, speclflc problems relatlng to statlstlcel appllcatlons of EDP. Slmllarly
the Economic Commission for A51a and the Far Bast was asked by the Conference
of A31an Statlstlclans thls year to undertake a study of data process1ng
equlpment and to prov1de adv1sory serv1ces '£6 national statistical offices:

in this fleld





