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Le2.3 Planning of temporal progress of research and development
l.2.5.1 General problems

Determination of necessary working time for carrying
out a certain topic of research mentioned so farl) is considered
to be a dscigive prerequisite for entire managerial ,activity in
research institutions. That means, it represents one of those
fundamentals enabling menagerial. personnel of reseac-h institu»
tions to distribute the single tasks of research activities
between engineers, techicians and other employees on the basis
of well-founded csalculations., Up %o now, however, only the
quantitative and qualitative expenditurss themselves have been
considered. For femporally distributing the single tasks within
different periods of time, i.e. year, quarter of the year, etc.,
some other calculations must be added., And this goes notably
for the planning of temporal progress and fixing the térms of
starting and finishing single stages of research work. This so,
because only in such a way various tasks of one topic of research
can be coordinated with ecach other so that

- successive and conditioning stages of research are
tackled in a proper temporal adjustment,
- research institutions are loaded to capacity,

- research time as a whole is going to be shortened as

much as possible.

Though there is a broad demand for many newly investi-
gated products, developing countries should also try to follow
more and more such a strongly organized system of conducting
researches, This 18 the only way to keep up with technical
progress and to close the gap between theilr present technico-
economic level of production and that of the already advanced

1) c.f. Planning of Technical Progress, part I, memorandum
of the INP, Calre, No, 617 ,
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countries., Sometimes, it seems to be a problem unable to be
solved within a measurable space of time. Nevertheless, the
tasks must be started tackling and a highly qualified planning
of research and development can be estimated to be one of the

crucial points on this way.

This becomes obvious when studying the conditions
leading already to a speedy growth of national economy in
emerging countries like the United Arab Republic, India, etc.
Their economic development has been and will decisively be
in{luenced by the fact that own research activities in many
sectors of national economy have been pushed ahead in a planned
manner - in both the mentioned countries there are specific
centray}esearch authorities and research plans are playing
an important role within the frame of long-term planSL — as
well as by taking over licences for starting a new production

at a rather modern levels

- Whatsoever the way may be, a comprehensive system of
planning research from top to bottom and including all the
activities up to their introduction into production has to
serve as a guide., And the annual plans are to be based upon -
the briefly indicated planning of the temporal progress of
research activities which, in turn, starts proceeding from the
key tasks and main data of prospective plans as to this respective

field,

1) The development of research in the UAR is amnalysed, for
example, by Abdel Fattah Ismail in, Current frends of science
policy in the UAR, Impact of Science on Society, Vol. XII
(1962), No.2 ,
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1.2.%.,2 Parallelism in carrying out research

When carrying out researches, a lot of activities must
he realized connected with each other in a manifold manner.
This holds true with regard to a definite topic of research and
different topics being in preparation in one research institution

likewises

Though realization of research work represents a conbin-
uous process of implenenting successive and conditioning stagesy
they must not all of Gthem necessarily be: impleménted otne after
ahother. If so, development of a new and difficult product would
last more than 4 or 6 years. As a matter of fact, this space of
time can decisively be shortened by organizing a high degree of
parallelism within research work. Mhat ia to say, if there exisy

any technical possibility, single sfTages of research work should

o

‘be implemented side by side. Hence, we have o) take cuare of
high degree of parallelism within one topic of regearch angd,
at the same time, between various topics of research work, GGO.

We would like to explain this more in detaill,

Parallelism within single stages of regearch work means, for
example, the graphic representation for newly drafted components
are to be drawn immediately after having prepared them construc—
tively. This is true to the fact that most of the products are

composed of more or less independent units to ke prepared separa-
tely by considering the connecting links between the differens

units.

Furthermore, there must be a high degree of parallelism
batween constructive and technological preparations., One is
forced to tackle the problems at the same time as &
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Firstly, the constructive determination of a new -
component or product is essentially be influenced by the foreseen
methods of manufacturing the object under discussion. From
the very beginning engineers of technological departments have,
therefore, to answer the question whether the new constructive
ideas are technologically solvable at all and whether this can
be done technologically and economically effective.

Secondly, application of newly developed technologies
requires certain conslderations when designing the component or
product constructively, That is, technical set-up must be chosen
in a way @llowing application of the new methods of processing.
Thus,; parallelism as to this kind of research activities forms
not only a condition for shortening research time but, in general,
an objective necessity for a high quality of research on the

whole,

Parallelism between various and distinct stages of research is
marked by problems similar to those mentioned before., Usually,
one will find parallelism between such stages of research

work as, for example ¢
- drawing of technical, graphic representations and
their ‘control, |
- technological preparation and manufacturing of
experimental or prototypes,
- manufacturing of experimental types and training of

manpower for further production, etc.

Besides a shortening of whole time of research, a
higher quality of technically preparing the subjects of research
can be made sure, That is why such a collaboration of differeant
departments engaged in drafting the new products or technologies
should be fixed in a planned manner including internal and external

collaboration as well,
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Furthermore, this team-work has to comprise both
technical and economical activities. The latter concerning,
we have in mind

- determination of technical parameter and economic
limits as concerns the new topic,

- determination of demand probably arising in home or
foreign markets,

- economic limits of prime cost and price,

- choice of materials to be applied, etic.

These ecornomic ascertvainments must be considered
necessary stages of research, toc. This so, because only by
means of their results those objectives can be formulated -
reflecting actually existing demand or limits for an ecdonomically
effective production of respective goods. Proceeding from this,
technology, for instance, can be sct the tasks to surpass already
known economic limits in order to increase economic benefit
when selling the products. '

It depends now upon the“planner to design such an
organization of research work forcing the various departments
to a close collaboration. This is expected to be implemented,
for example, by setting up advisory comnissions composed of
highly qualified experts and charged with checking up finished
stages of research work according to set targets.

In result of this examination, it has to be decided
whether the foreseen way of regsearch should be fofbwed in the
future or whether some chéngings render necessary for the sake
of keeping up with technical progress. To avoid unnecessary
outlays of research capacity and economic losses, mentioned
estimations are to be planned after having finished those stages
of research supposed to be crucial points in entire research
activity for solving a definit& task.
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Parallelism between different topics of research concerns also
a very important problem of organizing rescarch. The points

under discussion are as follows

o We are forced by the very facts to prepare more than
one- topic of research within one research institutions

- The capacity of research institutions is limited.

- The more topics of research are prepared at the same
time and in one institution, the longer the time
needed to accomplish a definite task.

- Scilentific - technical personnel is specialized in
various problems of technical development.

When considering these factors, one will find that
there are more or less contraditions between them., Hence it
follows, no simple combination of the various components deter-
mining planning of research renders possible.

How to solve now these problems generally?

In any case, the main task consists in preparing a new
product, technology, etc. highly effective from the technologival
and. economic point of view, This demands for .confining tc those
topics expected to influence a lar%e scale of similar or related
productive activities, for instance, so as to achieve a general
improvement or to meet a certain kind of common requirements.

That; is to say, research activities of emerging countries
especially should not be 1imited to  solving a gtrongly
cpecialized task being of interest for a single researcher but be
vsed for solving such problems of technico-economic development
enablging them to reach a general break-through in their economic
zrowth., = The topics will be, therefore, guite different ones
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within the single countries according to their natural or other
peculiarities. Nevertheless, leading organs for research have

to take care of not frittering away research potentials available
on too many and distinct topics prolonging unnecessarily the time
up to their accomplishment and leading only to improvements in a

very limited sphere.

And this goes for research activities in one research
institution, too. By taking into consideration specialization,
qualification and interest of regearchers, topics of research
must be selccted in line with above-stated general requirements.
Since, however, nearly all the new and complex technical develop-
ments are composed of differently characterized partial task, a
compromize renders possible enabling management to set the
researchers inmconsistency with their specialization. To meet
now specific requirements of national economy, results of single
investigations are to be composed like parts of a box of bricks.
This, however, can only be implemented as far as detailed topics
have been derived from general objectives.

For ensuring the highest possible quality within the
shortest space of time to be achieved under given conditions,
pesearch activities should be started from the very beginning on
the basis of team-work being the only form for solving main problems
of science and technique of today. As research institutions of
developing countries are usually property of the society, this
gives rise to forming a new kind of team-work based upon the common
interest to serve the country in question. This will be of real
hslp to over-come deficiencies in similarly called activities in
private research institutions hampering thelr use o capacity.
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1.2.5.52 Determination of chronological sequence-of resgearch

activities

After having dealt with some general problems, we have
now o answer the question of how the chronological sequence of
research activities is to be planned in detail.

The general starting point must be given by long-term
plans of technico~econonic development showing, for example,
the foreseen economic progress on the basis of introducing new
technical inventions, Derived from this, general plans of set
terms heve to be shaped containing the main steps of research
work of the Single topics and the performances being expected.
‘That means, they have to desribe in full ¢

- the exact designation of the respective topic of
researchy, :

- who is going to take part in this research (e.g. other
factories, research institutions of universities or
national research centres, etc,,)

= the expected performances of above-mentioned research
lnstitutions and the personal responsibility for it,

- the time probably needed in order to accomplish the
single main stages of research,

s the terms set for winding up the main stages.

When drafting the general plans of set terms, these data
are, of course, more or less rough and concern the main stages
only. They have to be specified in connection with preparing
short-term plans. This temporal specification includes, above
all, the technical, or in case of processing industries, constru-
ctive and technological preparations. The single tasks of which
have to be derived from the construction order of?tggﬁﬁélogical
preparations containing all the necessary activities to be
carrled oyt for technically preparing a certain component or
product,
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According to the applied systeml>, necessary working
vime for implementing the single activities can be expressed in
different ways. In case of using the method based on standard
units of graphic representations, these orders may look like the

followingg): (Sketch 1 & 2)

To determine now the exact terms of starting and fini-
shing the single activities, their mutual dependence and the ne-
cessary chronological sequence of their implementation must be
analysed and demonstrated. This can be done by means of diffe-
rent methods, the most important of which are

a) application of process chards or master schedules,
b) network technigue according to prograum evaluation
and review technique (PERT)

2) Application of process chards or master schedules

Process chards for reflecting conditioning and succes-
sive stages of research work are based upon mentioned orders of
research work and are drafted as followss

The starting point is mainly derived from the date a
new production is to be started. Proceeding from this, it has
£o be calculated back when the single and partial tasks must
ve accomplished and, therefore, also be started with so as to
be able to wind up entire research in time. When co-ordinating
now the single activities temporally , the connecting links bet-
ween partial activities must be found out and determined first
in order to make sure that implementation of one part will not
be hampered by a lacking behind of another. This is very dif-
ficult a task and true to the fact that ' nobody’ 1is "able to

Ao

1) C.f. Memo., No, 617, Chapter 1l.2.2.2.

2) On basis of ¢ Typenmuster fuer die Organization des Produk-
tionsab-faufs, Karl-Merx-Stadt 1961, Page 89
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forecast all the possibly arising shortcomings and, therefore,
deviations from the planned sequence of carrying out researches.
Thusy ‘a certawn "stand-by capaclty“ must be included.

On Lhe other hand, necessary space of time for research
is to be shortened by applylng a hlgh degree of parallelism wher
carrying out the plnglemﬁgﬂéﬂixleﬂo Sometimes, this may contra-
dict each obther in practiceibut must be solved on a well-founded
bagis of thoroughly conéidefing all possible events. Needless
o say, thaﬁ respective‘alterations have also to be observed in

~the- course ~of implementing research,

This: shows once agaln that such a sysbem of plannlng
can only be realized at a high level by means of team-work based
on common interest and by ut111z1ng the experiences of all " .e
emplajee within a certain research institution *

The master schedule drafted on the b351s of such analrn

ses may look as followss
(C.f. Sketch 3)

Th-ough rather simplified, the mainrfeatures are beco-
ming cbvious., They consist in the, fact that the single stages
ol preparing & new: product "are not tacklad one after another
but in such a way that a new stage is started as soon as the in-
evitably netcessary conditions and prerequlsltes are available,
In the g“V@B example, Lo anstance9 technological preparat1on
"of the main, p arts starts at a p01nt of time when constructive
preparat 10ﬁg are spilldn full swing, Such an interruption as
;boncernlng the . fechnologlcal preparation of part 2 may sometimes
OCCUL,a; Bat, for ensuring a contlnuous process, .efforts should
“'be made 0 éverpome such deadlocks as they are hampering pro-
ductithg pf rebearoh personnel°

sal

: Flnally, 1t should be added that 51mwlar chards are
also: to be drafted.for the single components within main part 1 and
2 go ag to be.able to analyse their internal interlacement, too,
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b) Application of network technigue according to prog-
; e 3 1
ram evaluation and review technique (PERT)

In recent years, network technique or program evaluation
and review technique (PERT) has successfully been applied to
solving distinct tasks of temporally interlacing various activities
marked by a different degree of mutual dependence, Thus, network
technique forms a very suitable instrument for planning temporal
progress of research work, tog.

When using now this method, any aggregaté:ﬁbodectﬁhas to
be subdivided intoits single elements. In our example, it must be
subdivided up to the basic research activities implemented by one
researcher or a research team and,like the method explained
before, necessary working time for these basie activities must
also be known, :

Internal dependence of single activities wituia research
has now to be demonstrated by using an arrow diagram. £very arrow
represents such a research activity. The end point of the arrow,
in turn, are used for marking certain events. As a-rule, . it must
be observed that the number of the tail event is less than that
of the head event expressing in this way the internal interactions
of the project in question. By means of such an arrow diagram it
can be demonstrated,therefore, what activities precede or follow a
definite activity and which of them can be implemented side by -
side. )

Finally,the drafted network is used for characterizing
and calculating the so-called critical path reflecting those
activities determining necessary working time for the whole project
under discussion. That means, they must be, above all, accomp-.
lished in line with the schedyle if the aggregate project shall be
finished in time,

'dAs to this method, it has been taken for granted that features of
PERT are knwon, They are repeated, therefore,only in brief. For
thorough studies of PERT, Memo, No. 544 of the INP, Cairo should
be used.
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Let us consider now the practical application of network
Gechnique by using a simplified example.

There is newly to be deveioped a television set comprising 10
svages of regsearch work,the implementation of which must be
carried out in a definite sequence. The single stagesﬂor activi-
tles are marked by a demand of working time as follows™’:

Acﬁivity At 25 femporal units
B =125 o o ;
o o5 ; g W (in this example,
Dl 16 RIS 1" one temporal unit
w ey ' " is considered to
F . 5,125 o o be one day)
G = 25 ) Y
H =125 it e
I = 75 . it 14}

The single act1V1tles must be tackled in a special
order of succession. A and B can be started together., After
hav1ng finished dOthlty A, C and E have to be realized so as
to be able to begln on the basis of finished activities B and
C, activities D and F. Activity E, in turn, forms together with
finished activity D the starting point for activities H and G,
while F and G are needed so as to accomplish I,

This seems to be very complicated but will become more
obvious when looking at the arrow diagram demonstrating mentioned

conditions by means ofénetwork.

For drafting this network,lqﬁv,to repeat this ynecessary
to know the time needed and 1nternal interlacement of 51ngle stages
of research,It must however not necessarlly be drawn to scale.

)Thls example is paftly based on Memo. No. 544 of the INP, Cairo.
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The figures inserted there are reflecting the already
mentioned temporal sequence of activities so as to accomplish
a certain event. It shows, for instance, that event 4 is based
upon finished events 2 and 3 and so on. Thus, for simplifying
the further representations, we are able to neglect the descrip-
tlon of single activities by only using inserted figures.

Now, the temporal progress of implementing single
activities must be analysed more in detail. TLet us assume, event
1 reflects respec~tive managerial activity for starting research
and comprises 9 - 10 temporal units, i.6. days. Then, event 3
can be started after 10 + 25 days for A needs alfogether 35 days.
In case of activity F, it is required that B and C have been
finished. For A plus C are shorter than B, starting point of F is
determined by B and can be tackled 10 + 125 days after having
inifiated the project.

Concerning activity G, respective conditions are given
by accomplishing activities B and D. Since D depends upon winding
up of B, G can be started on the 285th days. The starting points
for D, H and I are calculated similarly.

When summarizing above-mentioned ideas, the earliest
date for tackling the single activities are as followss
managerial preparations up to the 10th day

activity A on the‘ﬁloth.day

activity B on the -lOth,day
activity G on the 35" gay
activity D on the 1352 day
sadhivitye S Ctonutle 85th day
activity F on the 155th day
activity G on the 285°° day
actbivity . H. ‘on the 285th day
activity I on the 310" qay
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Jor finding out now the criticel path, i.e. those acti-
sities determining necessary working time of ‘the Project, the
latest permissible date for each activity must be calculated,

toos This means concerning

activity I = 555th day (from the starting date of our
e 4 £h project)
aetivity H =.285 day
activity G = 510th day
actiivity o 210th day
bt 7w 2350 ey
activiﬁy D ez l55th day
activity O = 60JUh day
activity B = lOth day
activity A = ESth daye

This shall again be illustrated by a sketche

ne o=
s
no
S (O
i\
=

:
13135

2)2%10

1) earliest possible dale 2) latest permissible date

fis
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Proceeding from this, the critical path is generally
determined according to the following rules

If the earliest possible time of starting an activity
squals the latest possible for accomplishing the project in time,
then that respective activity lies on the critical path.

As to the chosen example, this goes for the activities
Hy,D and B representing, therefore, the critical path of the pro-
ject under discussion and determining duration of research worl.,
Thus; observance of their time limits must be given prominénce

and continuously contreclled.

Needless to say that this method leads to very exact
figures regarding the temporal sequence of research activities
and it enables management to shorten entire cycle of research
activities up to their indispensable necessary space of time.
Moreover, while in our example respective figures could be cal-
culated by hand, in case of more comprehensive nétworks’possible
deviations from the planned time have to be included and compubters
must be applied. This)however, forms the contents of special stu-
dies and is to be neglected in our outline.l)

1) Application of computers for PERT is dealt with in the IBM
General Information Manual, E-20-8067-1,
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Mo accomplish this, it should be noted that network tech-—
nique can also be used as far as the date of finishing a certain

project is fixed and serves as starting point.

Then, the date of

finishing or starting an activity can be obtained by calculating
back from the given finishing date which shall equal zero. By using
the figures of our example, the single activities must Dbe started

as follows:
)
H

o

F
B

must be
must be
must be
nust be

must be

tackled
tackled
tackled
tackled
tackled

at
at
at
at
at

least 75

least 125
least 100
least 200
least 150

days before
days before
days before
days before

days before

Zero

zero
zero
zZeTro

zer0 ebc,

Thus, network technique is of great use 1n either case
of temporally planning the sequence of implementing a certain

projecte.
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l.2.3.4 Calculation and balancing of capacity in research
institutions.

Determination of chronological progress of materializing
topics of research forms only one prerequisite for drafting
annual plans. Before fixing the definite data for starting
the single activities, capacity of the research institution
must be calculated so as to be able to estimate wether the most
suitable temporal sequence of carring out single topies of

research is in line with capacity available.

Since machines are hardly applied for research activi-
ties,except of copying graphic representations, typed technical
documentations or manufacturing of prototypes, calculation of
capacity has to proceed from the number and structure of employees
avallable and the planned working hours of each of them. Thus,
working time fund is reckoned by multiplying the number of
employees of a certain group of qualification by problable
working time in the forthcoming .year. For example 3

X7 graduated

engineers . X Yl working hours = 2, hours working time fund

2k
X2 engineers 'x YE working hours = Zg“hours working’ time fund
X3 technicians x Y3 working hours = Z3 hours working time fund

X,+ draftsmen X Y4 working hours 24 hours working time fund

When balancing working time with the time needed to
accomplish planned research activities, we have to take into
consideration losses of working time caused by illness, leave,
participation in training courses, etc,

Furthermore, as to small research departments without
constant working teams, time needed for research work has
directly to be balanced with the working time of scientific—
technical personnel available, The instruments are given by
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the planned temporal sequence of single topics of research or
the drafted network based upon the actual temporal conditions
(terms of delivery, etc.) and the subdivision of single stages
of research into different activities of engineers, techniclans,
etc, as mentioned, for instance, in the construction order.

Proceeding from this, a balance sheet can be drafted

which may look like the following :
(Sketch 7)

Though the sketch is a little bit simplified,some of the
main problems can be revealed. O(ne problem consists in balanc-
ing the working time of engineces and technicians. This so,
because technicians are able to start their work only after
the highly gualified members of the research institution have
drafted the features of the new product or technology. As this
process can hardly be subdivided, there is no continous flow of
work to the following stages of research work undertaken, for
example, by technicians and concerning,for instancejthe design of
the single components,short~1iving means of production, etce
in detail. Usually, the same holds true with regard to the
division of labour between technicians and draftsmen.

Additionally, working time of scientific~technical
personnel of research departments of enterprises cannot only
be used for implementing new topics of research.At the same time,
impovements of the current production must be prepared and
introduced into production. The share of capacity needed for
this kind of research and development is a very different one
within single factories. It depends mainly upon the kind of
production, the quality of its tefhnical preparation and the
data of its introduction. That is to say, a current production
requires the more improvements the longer ago it has been started
with,in order to keep step with technical progress.
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When balancing now the different demands for research
capacity and capacity available, very often it will happen that
they are not in line with each other from the very beginning.

There will rather bte a lot of bottlenecks which must be brought

to light so as to be able to redetermine chronological sequence

of research activities and redistribute capacity available as

well. If needed, such stages of rescarch must be%ﬁistributed,

above ali,which do not affect the accomplishment of a certain

topic of research as a whole in time. That means, those activities
are to be redistributed being outside the calculated critical

path of carrying out an aggregate rescarch project.

In as faer as they are inevitable, necessary redistribu-
tions must be implemented in close collaboration between planner
and scienticic-technical personnel charged with realizing these
tasks, This so, because the latter know best whether planned time
limits are supposed to be very confined ones and whether by
introducing special measures single activities could be finished
within the available space of time. Such measures may concern,
for example,

- shortening of necessary working time by means of a new
type of team-work in Tesearch institutions of public
gsector;

- competition between cooperating working teams,

- granting of aiming bonuses or other material incentives,

- e’bC-

Thus, is it up to the management to find out such .
solutions, in close collaboration with the employees, making sure
that planned projects will be tackled and accomplished in time.
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When planning capacity and its utilization, however’
in research ibtitutions organized on the basis of working teanms,
some additional facts have to be taken into account. Under
these conditions, balancing of working time and requirements
has to be based on working teams, too, i.e, working time avai-
lable and time needed to accomplish a certain sltage of research
have to be determined in t he same manner. The problems arising
out of such a wey of planning are the following

From the technical point of viewfthe working teams are
composed according to the general features of technical problens
to be solved. For these tasks and problems are variable,
structure of the working teams has to be adapted adequately.
These corrections, however, should be defined to a rather small
extent in order to attain a genuine team-work of these working

groups.

Another problem concerns the structure of qualification
and quantitative composition of the single working teams, on
the one hand, and the different degrees of technical difficulties
with regard to various topics of research and development, on
the other. Usually, respective requirements will differ from
each other with every topic of research. Since the composition
of working teams cannot be changed similarly, we have to find
out a so-called optimum formation following the general trends
. of research activities in the respective field. Arising bot-
tlenecks in the one or other direction should be met by means of
Time balances of the whole team and, if needed, by means of
special and temporally limited agreements with single members,

To reveal now the burden of each members it becomes
necessary to elaborate detailed time balances based upon the
demand of working time for a certain topic of research
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expressed, for example, in such figures as mentioned in connec-
tion with the construction order. Such a balance of working
time may look as follows: :

(8ketch 8)

From this time~balance, the distribution of various
crders of research between the mewbers of a working team and
the interlacement of activities between engineers, techniclans.
and draftsmen can be seen. For ensuring a high degree of cer-
tainty, actual conditidns must be reflected& as reqards such
factors as planned leave, tusiness trips, visit of fairs, leave
for studies of corresponding studenus and 80 On.

Moreover, the time-balance, mentioned above, should not
be used for planning only. At the same time, it can also be
applied to follow-up. By registering the working time needed
in order to accomplish single activities, planned and actually
used up working time can immediatly be compared., Hence it
follows that the time-balance represents a good fundament for
both analyses and future planning of working time and for ela-
borating standards of working time for special kinds of research

as well.

l.2.4. The efficiency of research and development

For research and development have no end in themselves,
their efficiency has to be analysed from the very beginning.
That is a very difficult problem and has not been solved in all
details for the time being. When €Gomparing the experiences of
different countries in this matter, one will find, therefore,
different opinions and solutions.
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; ; In spite of difficulties possibly arising in this
context it must be stated that calculation of efficiency of

research work has to be considered an indispensable part of every
research activity. This holds true for industrially advanced and
cmerging countries likewise. This so, because only by such
ralculations it can be disclosed what are the most favourable

topics of research to be given prominence in a certain stage of
cconomic development. And that is of importance for developing
countries especially forced by the very facts %o speed up their
economic development and o close the'gap between their technico-
economic level of production and standard of socials life and

that of the advanced countries. Otherwise, i.e. without thoroughly
estimating effifiency of research, a lot of money and research

will practiﬁally be used for less important topics and, therefore,
more or less be wasted as they are not devoted to solving the most
urgent neeés of the country in question. Thus, all the possible
dissentions notwithstanding, we have to find out an appropriate
solution acceptable by economists and scientific-technical personnel

as well,

At first, basic research has to be considered separately.
It is unquestionably true that efficiency of basic research can
usually not be determined by gquantity. But, there are methods to
measure it by quality. To give an example. When f%estizgating
a. new method of rooting out the cotton worm,the result will be a
higher cotton quality and a higher crop. This new quality can be
ascertained without being forced to estimate the exact changings
regarding the amount of higher crops, etc. In most cases, such
a calvulation could be sufficient in order to demonstrate efficiency

of basic research.
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Applied research, however, is expected to solve a
gpe¢tial task. Technical parameter and economic limits are usually
fixed either by the customer directly or by other consuming
institutions like foreign trade organizations, etc. Thus, it
must be compared whether the objectives of a new research wdll
lead to the targets sets The foreseen topic and way of solving
the problems should be defended by those charged wish implementing
the tasks. And for that, the efficiency of the new research forms
one of the most decisive criteria.

Keedless t0 say that such a critical estimation cannot
be given by one engineer or economnist. But the new topic of ;
research mist rather be defended against a commission composed
of highly qualified experxts in the respective field and coming
from one's own or other institutions as 4. the already mentioned
intra-branch working groups}

In this context, we would like to stress that by taking
into consideration all the problems connected with calculating
efficiency of research, it is more useful to spend a certain
amount of money for these purposés than to neglect them at all.

The latter is the most uneconomical way to go and leads, of neces-
- 8ity, to speculations and a incorrect planning. State authorities
in developing countries have, therefore, to put pressure on researc
inditutions to take over new topics of research only if the
probable efficiency has been proved in advance,

1) c.f. memo No 617 of the JNP, Cairo, page 25 .
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Mentioned demands coincide basicly with the ideas of the UN
Organization for In.diustrial Development when saying%)
"Industrialization to us is much more than the esta-
blishment of new factories. It includes also the
efficiency of operation of both new and old factories,
It includes the full utilization of existing '
capacities o «see Above all, however, we velieve
that industrialization, to be really effective,
lasting and self-sustaining must be securely based
in the institutions, policies and capacities of
the deceloping countries,”
Since industrialization will depend in an ever growing
~scale on the efforts of the deweloping countries themselves,
the demands for a high efficiency must be raised up already
at the very begihning, i.e. at the point of time of starting
researche.
Staste authorities have to take care of meeting these require-
ments and this should, above all, be done through economic means,
For exaﬁple; financial means for research are limited in all
the countries. They are to be allotted, therefore, by the state,
state bank or respective superior authorities according to the
efficiency of research for the present of future national economic
development as a whole. Only in doing so; the economic results
per unit of financial means spent for research can be increased.

With regard to the main contents of research and development in
industry, calculations of efficiency have to the worked out for

- . completely new factoriesa)
- products newly to be developed;
- improvements of products produced at present,

- new or im%oved technologiesq

1) Statement of UN-Commissioner Dr, I, He Abdel-Rahman at the
opening of the African Industrial Symposium, Cairo 1966,
published in conference materials, page 5

2) Since these problems are surpassing the boundaries of this
topicythey are fo be neglected in here.
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Calculation of efficiency of a new product

To start with, calculations of the efficiency of a
product newly to be developed must, at first, be a qualitative .
one, That means, properties of the new product have to be compared
with similar goods supposed to be the most advanced in the
respective field. Technical parameter and economic indicators
of these products should serve as basis of reference, no matter,
whether they are manufacturd in one's own or in foreign countries.

It depends now upon the stage of f%earch, the calcula--
tion is carried through, and the significance of that product for
home or foreign markets in which details these critical analyses
are going to be undertaken, As to a lot of goods of general
demand, i.e., consumer and durable goods of daily life, it.is very
often quite sufficient, at least for a certain period, to reach
& Level which corresponds to the averge requiremcnts of the
population and their purchase power. And that, because an
uanecessary increase in quality will make research more costly
and production more expensive without having a really higher '
effect. Bometimes, taking over of licences will in such a case be
cheaper than own researches enabling the country to conegentrate :
research capacities on its special tasks of socio—economic develop--
ment., Butbt this is another question and must be decided upon in

any case under discussion separately.

If, however, a new recsearch is aiming at determining
world top level in a certain field being of particular importance
for entire economic development of the country in question, men=
tioned parameter and indicators hafe to be analysed and compared
more in detail. On the one hand, the already reached level of
mest advanced products has to be studied by taking into considera—
tion their most likely trends of technical development in the for=-
theoming ye&rsol) On the other hand, we have to investigate '

e

1) c.fs memo No 617 of the INP,. Cairo, chapter 1l.l.1,
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the development of demandi) as the probably saleable volume of

the product in question depends mainly on both the reached
technical parameter and the price, This,.in turn, requires a
thorough study of efforts of competing capitalist factories or
countries which, of eourse, do not intend to give up their
position but rather to strengbhen it by keeping up with technicl
progress, too, In cage of competing factories in sccialist coun-
tries) reaspective problems should be negotlated upon in order to
golve them 1n the long frun,

Thug, for being able to come to well~founded decisione
regarding the effectiven~ess of a new tople of resecarch, reapective
analyses should be carried out in a very comprehenclve manner
by including all thome institutions of the country which can give
6 word to the problems under discussion, '

Furthermore, another'ppoblem camed inbto, the fore and
must be teken into accountiin developing oountries especiallys
Over against priveve firme in capitaliet dountries, the benefit
for the national economy as & whole must be put in the centre
when caloulating effectiveness of research in public institutlons.
Iﬁ‘renaera possible that,sometimen,a certain tople of research
may only be in favour of national economy, for exsmple, develop-
ment of a few supplementary materiale necesesry for & highly !
effective main production of the country ooncerned, If ®o, addi-
tional material incentives are vo be glven by superior suthorities
80 88 t0 make sure that this topioc ¥ill not be neglected by the
research and productive department of the enterprise in questlon.
In genersl, however, every topic of research is expeoted to
guarantee a’ higher economlo efficiency for both the producer of
the new goods and the future consumer as well.

1) o+ £, memo No 597, part II, of the INP“cairo
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Calculation of efficiency is not bound up with one stage
of research only., The first estimations are to be prepared in
connection with determining the “topic of research itself., When
defending the topic over against superior state authorities, these
analyses play a very important role. Of course, at that time they
may only contain rough figures. Hence, they must be detailed and
specified in the course of realizing new stages of research work,
That is %0 say, calculations of efficiency are to be elaborated or
refined after having finished the following stages of research :

- determination of the topic of researth,
- designing the proto-or experimental type,
- manufacturing of pilot lot,

In doing so, the new quality of the development in
question and its actual efficiency can be proved continuously.
It is worth while discussing the problems several times so as to :
avoid that fiime and money are spent for topics of research
technically or economicallybutdated because new products are
elready produced in other countries at that time and they are
representing the same or even higher quality than the product in

preparation.

This underlines once aggin the very significance of
exactly extimating trends of science and technique, research
work in other countries, probable technical and economic parameter
of a certain product in the future and the development of demand.

furthermore,

It goes without saying /hat every estimation of a new
research from the technical and economic viewpoint depends first
and foremost upon the product itself. Thus, the following remarks
can only cover very general features to be specified according to
the product in question.
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As to the technical estimation, such general features are 3

L.
2.

the tefhnical parameter of the new product,

the degree of mechanizing and automizing processes to

be carried out by the new product,

the simplicity of operating the product, e.g. machines,
gpplicnces, &iCe,

the degree of mechanization snd automation 2f processing
ths new product,

the use.cf standardized components or parts of other
prodaucts manufactured in the same factory,

the rational use of availatle raw materials, etc.

From this it appears that both the technical features

of the new product and ibts processing must be considered.

and quite different factors as concerns producer and consumer

goods.
le

2e

3e

The economic estimation regarding, there are similar

General items are, above allgs

necessary outlay for the research, on the one hand,

and
prime cost, price, returns of the new product as well

as
financial outlay for introducing the new product into

production, on the other.

Besides this, special calculations must be carried out .

in case of producer goods s0 as to estimate the economic effects
when applying, for instance, the new machine. To say it in other
words, effectiveness must be considered from the point of view of
~the employer, too. And for that, the following factors should be
as-certained, for example @ I

]
1



B

A new machine will be an economic one if the possible
reduction of prime cost by using it is higher than the purchase

price itself,

Pp T lDsnmt D)X Pyox g

The signs stand for i
P purchase price

il

pf = prime cost before applying the new machine
- prime cost after applying the new machine

Py = pleces per year

Ey = expécted period of useful life of the machine

Furthermore, the new machine will e&onomically be employed if -
the period of useful life of the machine is longer than the
period of recupment (P.)

L =b

Ihe period of recupment is calculated as follows

a2
P

= (pl o pa) X P

P,
y

On the basis of this, savings of prime cost during the period
of useful life are to be determined

savings of prime €ost = (Ey = pr) X (Pl cig Pg) £ Py

Since the main fields of applying a new machine are
usually known such calculation render possible. The effectiveness,
however, is linked up with the technology of processing. Thus,
one will find more andﬁ%ﬁat new machines and technologies are
develpped simultaneously by considering these close interactions.
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Calculation of efficiency of an improved product

The calculations of efficiency of research’s aiming at
technically improving products already produced is decisively
{%1uenced by the fact that respective and comparable figures as

technical parameter and economic indicators are available.
this case, authorities to be entrusted with are able to

In
compare them

directly., Generally, the following factors have to be considereds
- financial outlay for research and development in order
to improve the product in question,
- necessary expenditure in order to lead up the improved

product into production,

- planned volume of production and savings of the factory
to be reached when manufacturing the improved proivc ..

- savings outside of the factory, i.e. in employing
enterprises or national economy as a whole.

Necessary expenditure of working time and financial outlay
for these improvements are calculated like th-ose for new topics

of research and developmento.

The results are very often and sultably

expressed in a balance-like manner cogtaining such ifiems as &

P

¥

s e e

old product

. n
improved product i

e

technical parameter
period of useful life
efficiency of higher
durability

prime caost

price

volume of product
ete,

I
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Obviously, it depends upon the particularities of the
improved product what kind of factors are to be used for
estimating its new quality. In any case, the problem consists
in taking into account possible savings when producing the
improved product and necessury expenditures for the improvements
themselves, Then, one will find that sometimes researches in
order to increase quality of existing products are less effective
than a new development aiming at reaching a completely higher
technical standard of the product in question. That is why very
cxact calculations are necessary before starting improvements
at alls

Calculation of efficiency of technologies

The calculation of the efficiency of a technological
process to be developed newly depends mainly upon its field of
applicability. That means, the broader the field of applicability
the more difficult an exact estimation of possible savings.

IT only a definite method of manufacturing certain
£oods is concerned, one will be able to calculate the efficiency
c¢xpressed by savings, increase of productivity, etc. ‘dn all
details. On the other hand, there is no possibility to calculate
econonically, of course, the effectiveness of such a new technology
as "metal-gluing-technique" applied, as a matter of fact, in all
the branches of industry. In such a case, the expenditure for
exactly calculating posSible effects may be higher than the
efficiency itself, Thus, out of three main factors determining

efficiency as
- financial outlay for rescarch and development,

- time of applicability of a new technology,
- direct economic effects of the new technology,
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two urgently needed are more or less unknown.

The most complicated problem concerns the possible time of apply-
iwgﬁ%echnologicay%roceﬁs . 1t depends, for instance, upon the
time the products manufactured by means of this new technology
%11l remain in the market. On the other hand, new artid¢les can
Le found or be developed using this highly productive technology
in the future., This shows very evidently that no comprehensive
and exact computations of effectiveness render. possible.

How should this problem be solved ?

Generally, two possible solutions are given :

Lo If the tefhnological process in question depends mainly
on a definite product, the time of applicability sho. .d
be calculated according to the foreseen time of manufa -
cturing it.

2e If the new technoldgical process is to be used geuerally,
the time of applicability must be calculated according
to experiences. That means, there are to be ‘analysed
equal or similar processes and their time of applicability
expressed in years by considering possible changing$ in
the field of application.’ This serves as a basis for the
calculation of efficiencf; mentioned above, Moreover,
the branch or association of industrial enterprises
should form the scope of such kind of analyses for both
the time of applicability and the efficiency of the
process under discussion.

To give an example »
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At first, the effects of the new process are calculated
within one year and within the branch. Later on, this amount has
to be multiplied by the years of applicability by including those
fields of application covered with a high degree of certainty in
the future., It goes without saying that these figures concerning
the effects of the new technology are very often rough ones expres-
sing only, for instance, an average percentage of time or cost

reduction.

Finally, it depends upon the problem itself how thoroughly
1t must be calculated, In any case, due attention must be paid
that the expenditure for calculating the efficiency does not pass
over the efficiency.

The ideas given in connegtion with the calculation of
efficiency of rescarch and development represent first experiences
as to this subject. It should be noted that big efforts are made
by economists, of socialist and capitalist countries in investigat~
ing new methode and possibilities without, for the time being,
however; getting results to be considered as final ones, It
remains the tasks of economists also in developing countries,
therefore; to study very thoroughly all the experiences and %o
make full use of them for their own country's purposes.

After having accomplished all the mentioned activies,
the annval plan of research and devélopment can be drafted in a
comprehensive manner so as to compare it with the other necessary
activities of the factory or branch in question and to submit it
to the superior authorities for being checked and if necessary
being aPpFOVGdoRespective data can be combined by means of the

following forms:
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PLAN OF TECHNICAL PROGRES
Research and Development

S

ministry:
organizations
factory:

remarks:

research institution:

responsible engineer:

topic of research:

contents of the topic,way of solubtion,national €conomic importance,

working programs

main date of implementing the topic:
start of research:

finishing of research:

required financial

finighing of stages of reseszrch
and required financial outlay:

okl l.stage: amount :
ays 2.stage; amount 3
3.stage: amount ¢
4,stages amount :
5.stage: amount 3
main data of experimental stage of research:
number of experimental types:
number of products of pilot lot:
value of experimental production:
necessary equipment for manufacturing
and testing experimental production:
start of regular production:
L. year : number:
2, year  : number:

necessary investments @

place and date:

signature:













