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INTRODUCTION

‘The problems of.thé organisation and edministration of research stations and

laboratories have attracted considerable attention in recent years, and it is
evident that meny scientists are interested in finding practical sclutions to
such problems. As evidence of this interest, fifty scientists from a2 wide
range of Government, industrial, and academic organisations attended a
symposium on "the organisation and administration of biological laboratories”
on the 12th and 13th September, 1969, at the Oxford College of Technology, and

‘explored, as remedies for these problems, the application of management

techniques in the biological environmont, as well as the pattern of

management training required by biologists. (D. J. Cook, 1969).

Various books on the plauning of scientific research and the administration of

research laboratories have 8130 been published. Some of the most interesting
of these include Arnon, 1968, Mardon, 1969, and Mcleod, 4969. In addition,
there have been many books and papers on individual management techniques which
are relevent to the management of rescarch, even though actual descriptions

of the applications of these technigues to rcsearch problems may not be given.
Very few descriptions of the way in which research is actuslly managed at :

- individual research stations have, however, appeared, and, in biological rescorch,

this may be because very little attempt is usually made to manage research at all.

This paper is intcended to summaflse the npethods of project planning and research

" administration which have been developed at the Merlowood Research Station of the

Natore Conservancy, anmd which are currently used within that resgarch station.

It is not claimed that the methods described are the ultimate in research
-managenent, only that they have been found to work satisfactorily at Merlewood,

They are, of ccurse, still being developed, and may be expeoted to change as new
sltuatlona arise, or as new nethods become availeble,

OBJECTIVES OF RESLARCH ADMINISTRATION

The success or failure of methods of rescarch management end admlnlstratlon
can only be judged when the objectives of the methods are clearly defined. It
would be easy to criticise almcst any wethods by camparing them with a set of

‘cbjectives which those methods were not desizned to achicve, For this ruasaon,

some care has been taken to define the cbjectives of reswvarch administreticn
at Merlewood, and to discuss these objectives with the staff of the research
statiwn 8o that all members of the staff are clear about the reascns for the
intr.duction of particular methods, - Participaticn-in research management can
only be achieved by understanding of the objectives, and the success or failure
of the methods themselves c¢an (nly bo méasurel against such objectives.

" The cbjectives defined are as follows:-

() To ensure that the research undertaken ot the Merlewood Research

Staticn satisfies the objectives, timing, and resource allocations
defined fur, and agreed by, tho DFrectors: and the: Sclentlflc Policy
Comittee of the Nature Conserv.ncy.- - :

(b)  To promote the publicaticn of ruscerch results and methodology:~

(ig in the relevent techniosl and scientific journals;

(ii) in Nature Ccnservancy publicetions, where the form of the
presentati-n makes this desirable; :

(1ii)  in papers for internal eirculetiun, where speed of -

' communicaticn is more impourtent than the status of the

method of publication.
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"hhve $p601flcally been.d631gned e

{¢c) To extend the influence of resesrch staff and results ca the o,
pelicy and management of the Nature Cunservancy; and on the G
_;:aelectlgn anﬁ managenent of nature reserves ani other areas.;;;~

 (&) - To 5331st in the development of tha relevant dlsclpllnes, e t:;ﬂ

¢lose co-operation with colleagues in other research’ statluns,
in the research instiiutes of other organlshtluns, anl 'in the-
. univers 1tles, both at home anl abroad.

-5{6)'f To provide for the continuocus uraining and career develonment .

of the staff of the research at~tion,

Gther ohgeotlves for research admlnlstratlun.qnd management cuuld dbv1ously

. be defined, but the cbjectives statod above are the ones towards which the

methods of research manogement anl adminlstratiun Jaacrlhe& in this paper

' mEER BLLATIQNSHIP OF MLMM.T mhcmuquns

The broad 1nterhrelat1£ush1ps -batwsen” the voricus tbchnlques >f managgment
used at Merlewocd are given in Figure 1. The Direetor of the research statiwm

- is meinly .concerned with three aspects. of the management, i.e. with the
" scheme- for menagement by -ob jectives for individual research staff, with the

project-plans, and with the allocatiaa of rusources to the vérious projects.

The project plans are the main planning documents for the scientific work

of the research stati.n, .and from thesc plans, & nuaber of other activities

are derived, i.e¢. the project register, the plens for individual experinents.

and surveys, the research activities themselvos, the allocaticn of the-

available rusources, and some of the ¢bjectives of individual resvarch . officera.

The objectives set in the schome fuor acnagement by cbjectives. themselves .
contribute to the projsct plans, anl are also-used to create the .career

develupnent and training plans fur tho statlon.___ Rk

“The most . impertant part of -the work of any resuarch stati n is cluarly the
.resaarch activity itself, and cne of the basic preblems in research

nenegenent. is that of enSurlng that a sufficiently large proportlwn of the
totel effcrt availsble is devoted to direct ressarch aetivity. When atteupts
ave wmale to eveludte the proporticns . of time that individual research steff

~spend on ‘actual reusearch, the results arc usully dzscuncertlngh ~In the-

scheme cutlined in F1gurn 1, the experiment plans, the project: plans, the
mﬂnagement by cbiectives, anJ the resource sllocaticons 21l impinge directly
on the research activity,. with the ain of incroasing the amcunt of time and

‘effort availabls for research. It is scmetimes maintained that the best

administration for research is "no administraticn®, but the results of leaving
the research sctivity unplenned 2al undirected do nct cunflrm that the moximun
ef'foert is necesaarlly ubtalne& in this way. :
Arising frgm dlrectfrescarch actLV1ty are thc vericus forms of publibuticn

of research results. At this stage, the dingram dces little more than indicate
that research results are made availeble in the sever1l dlfferent forms given
in the b jectives above. ) L =
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- INDIVIDUAL ASPECTS OF RESEARCH MANAGEMSNT

) l+ 1 Mamgenent by Ob Jectlvas

The techm_que of manaé,embnt by objectives (MO} ha.s been Jeveloped in :.mlustry’- o
and comwerce in recent years, and attempts hove alse been made to apply it

t. the Civil Service {Garrutt and welker, 1969), 1In essence, its technique
requir<s thot, over a defined period of time; each individuel should ‘set down

the cbjectives that he.or she expects to achicve, These objectives are written
down in summary form, and are then discussed vith the individual's supervisor -
or.senicr officer. In sume cases, tho objectives.which the individual has set

- himself may not be-apprepriate to the aims of the crganisation; in cthers, the
 cbjectives mry be appropriate but the. individuel far . tcoo optimistic.about what .
" can be achic ved in the time available; and, nmore rarely, the objeetives may be

so unapbitious as toc leave a large proportiwn of the individusl's time 2nc
energies uncommitted, The aim of the discussiun is to align the aims end
aspiretiuns of the indivilyals with thuse of the organisation, ani, if necessary,
to redraft the objectives to satisfy this cunditiun, Once agreement-has been
reached that the (bjectives are desircble and reascnable, the individual
ccncerned can then take 3t as grantod that the tesk of achieving those
GbJECthES has beun delegated. to-him by his senior: officer.

-t the end -of the prescrived pericd, the actunl t.-C.hlbve.E.&ﬂt is cc«mpam& with the
declared ctjectives in discussion with the superviscr, due allowance being nade

~.-for unfereseen circumstances and subsequent lindtaticns in rescurces._ Fach

individual has 2 chance t. express his own satisfacti-n or dissatisfaction
with his progréss, anl tc evaluate his own effectiveness to the organisation.:
The bbaect1VEs for the next pericd are then set in the same way as befcr&.

Some ohjsctins to the applicaticn of kb0 in research orgam:':c.ta_uns have hoen
suggested by its critics, anl most of these ubjecti-ns hove centred on the
difficulty of defining objuctives which are ncasurable, . Such a criticism. would
make the toehnique difficult if not impcssible to apply in the rosesrch coniext,
but it is clu‘rly pcssible te define such object ives as, for example,. the -
conpleticn of a paper for a 3oumal, the undertaking cf ficld or laboratory

-work, cr attenionce at a certain conference. The paper by Garrett-and walker

(1969) on the epplicaticn of MbO to the British Civil Service mokes especiclly
heavy-weather of this aapect of the tcchnlquz., Jbut the basic cuncept of asking—
individuals to define thedr cwn obhjectives, of reviewing these objectives in
relatin to the needs of the organisction, agreeing the redefined objeetives, and

~then comphmnb actual prugress with ol jectivos is glmnle and cne that can be

applied J.IJ -any. _f';).el.l of astivity.

The cintrast of the technigue with the earlicr method of "job description™ is
worth stressing. In the latter, ench Jjob in {he organisation is described by
the supervisor, anl the quall%ies required of the individual to do that jub
carefully defincd., In MbO, cnch inlividual sets his own cb jectives,; rather

-~ than having them set for him, so thet his notivation to achieve the b Jectives

is.greater, OSinilaprly, MbO is more flexible, in that the Jbjectives can cnang;e.
as circumstances change, anl the emphps:l.s is n the change rather than :n these

- aspects of the- job which are continuing. - In the. research context, where fairly

rapid developments in the rgles of the indiviluals may be expected tu take ylz*ce,
the greater flexibility and motivation of MbO nakes the, tbchrllquﬁ mory readily

- applicablie than that of "job descripiion™,




E R T A 3

Mp0 has been "rplled at Merlewood for nore than tWo years, snl the perlod i
for which objectives are set corresponds approximately with the “tlm& span of
discreticn” of the inlividual resezrch workors (Jeffers, 1960), i.c. the
‘lengest pericd which they can be expeeicd to work cn ‘their own without necding
specific directicn. For.the majority of the scientific and experimental
officers, this periud is about one yeer, and, 28 annual reports on the pro.ress
of such spaff are alsc required, tne time scale is particularly appropriate,
. Bach member of the staff, including the Dircetor, therefore sets nis or her
cwn objectives for this peried, anl <iscusses therm with his Sectiwn Heald, or
.-with the Direetir. The Director 8iscusses his cbjectives with the Deputy
Director (Scientific) of theé Neture -nservency. Heads of Sections discuss
~their objectives with the Director; =n! all olher negtiers of the staff discuss
their .objectives with their Heads of Sections. It was, bowever, found that
~individual research officers also valued the opportunity of discussing their
cb jectives with the Director, and as this pruvided a useful opportunity for
the Directeor to discuss the general coresr development - of each sc1ent1flc and
experlmental offlcer, thls L,1:'cn::ed.mm has Leen’ adepheﬂ. o -

In ganeral nu.dlfflculty has been fuund in- flnilng sultable and unamulguqus
wbjsctives for ressarch staff. The completicn of projects or pﬂrts of pr- Jucts,

- in relation to the proeject plans desoribed below, the writing of papurs ‘for

journals, ete., the attendance at conferences an& trainisg courses; liaison

with other organisaticns, litersturc roviews, ete., have all featiurcd lergely
in the cbjectives sst. Researeh staff have commented frequently on the velue

they have found in having to think cluarly obout what they are plamning to do

anl to assess the priorities bLetween ccupeting activities, The dlscussi*n on
the relaticnship between the objectives of individuals and the aims of the
crghnisation is alse frequently illumineting, and reveals ‘lack of awareness of
the organiscticn's objectives, or failure by the crganisdti-n to make its aius
clear even t¢ its own staff. Individuzals arc <nly rarely delibcrately perverss
in seeking to achieve objectives which arc coipletely conbrary to the intercsts
of the wider grcup to which they beleng, ani lisagrecments usually spring fras

-nisunderstanding of thd wider COJCCthCu of Lh& group thqn frch h&llbﬂrﬂtc
opp031t10n. : : :

Three basic questivns have been foun? worth dukLng when the ubgectives of the
indiyviduals are being discussed.  First, are the cbjectives relatsdtc the aims
. of, the urganls?tlcn - and are they nehievable with: the resources that are likely
tu be available during the period under review? -Seccnd, will the individual
ocncerned be able to lock back cn the pariol under discussion and regard it as a
peried of positive progress, or, in other words, do the defined objectives
provide for the necessary job satlsfﬂctlun of th ipdividual? third, deo the

ob jectives contain a sufficient element of further training, so that- the goeneral
cargsy devnlopment of the individual iz ndvanced? It is in the discussi.n of
these questiins that the Director has the op;ortunltv to make persaial eontact
with the, individuzl on the issue with which the 1nd1v1dLa1 is 11kely to. be jost
cencerned, i,c. his own career. '

Similerly, in a339551ng the prugress that was actuelly achieved in. relation to
the ¢bjectives thet were set, very little difficulty hos been found in getbing
r@search workers to assess themselves frankly. Provided that external
circumstances are taken into sccount when necessary, for example iliness ¢f the
individuel or his femily, the failure of the organisaticn to provide the
necesgsary equlpment ete. , most people are vory willing to admit their failures
and to propose new ways in which past wmistekes can be remedied, and to make

a more realistic assessment of what can actunlly be achieved in fubure. 'Tho
situation which is most difficult to deal with, but which cceurs relatively
seldem, is when an individual has achieved few if any of his defined objectives




but quotes a long. list of other achievements, The view usually adopted in
thlS case is that, if a marked change in obJect1VEs is necessery during a
: perlod for which objectives have already beeh agreed, ithey must- be set down
.and discussed with the Section Head and the Director before these objectives
'_can be regarded as delegated. By the sams foken, if the Director, or a
 Section Head, wishes to change a man's obJectlves, shey must also see that
¥ " these changes are reflected in newly defined objectives.

L.2 Prgjgct Elans

In addition to the objectives which are set for individual research workers

under the MbO scheme, the seientific work of 'the resvarch station is controlled
. by a series of project plans., These project plans embody the tactical aspects
.- of the research stretegy agreed by the Directors and the Scientific Policy

Committee of the Nature Conservancy. Each of the sirategies is divided

into a secries of min projects, and g project leader allocated to each project.

The role of the project leader is to formulate the project plan and then to

direct the project and co-ordinate the activities of the several peopile who

- may be involved in the series of activities which go to meke up the complete

research project. The project plan is discussed with the relevant Heads of

Sections and the Director, and is the central administrative document. The

complete set of project plans summarises the scicntific work of the resea rch

station.in a convenient way,

~ Project plans are generally drawn up with the some formal structure, although
departurcs from this structure ar¢ enccuraged where thure is any danger that ™
formalisaticn defeats the eims of the project plen., Generally, each plan:
starts with a review of the background against which the project was ariginally
plamned. This review is often quite short, but may, in certain cdses, be fairly
long, and may require & summary of past work in the ficld. The review of the
brekground to the. project is followed by a clear dufinition of the objectives of
the project, and these objectives are followed by a statement of the criteria
by which the success or falluru of the project may be judged. The difference
between an "ebjective™ and a "eriterion for success" is largely contained in
the noticen that a criterion for success is an cxpression of the results of the
priject or its &ChleVunan, i.e. a decision to proteed with certain stages of
the project, the publication of a papcr, or the durivatiocn of a new tochnique, .
rather than with the scientific aims of the priject. The major part of any
project plen, how.ver, is a critical path netwerk sctting cut the logical
connecticn between the activities which must bo completed in the prcject, together
with the associated time estimates., The discipline of network planning for
rescarch projects has proved to be invaluable, not only in providing estimates
of the times required for individual act1V1t1cs but alsc for emphasising the
legical inter-relaticnships of the activities, and for defining the critical
path, i.e. the series of activities for which any delay necessarily incurs a
a delﬂy in the completion of the whole projeet. From'the critical path network,
and the estimates of times and rescurces asscciated with each activity,. the
» cxpected times for the completion of the prcject and the resource rcqulrements
for the project can be evalusted and summarised in the projcet plan.  An
example of a project plan is given as an appcndlx to this paper, to illustrate
- che type of ducument thot is produced.

The project plans drhwn up for the inlividuzl projects have proved to be valuable
in planning the allocaticn of available resoureccs as officiently as possible,

and, particularly, so that searce resources arc not wasted, The time estimates
Wthh are derived fr. m the networks can be used in scheduling the purchase of _
n:w equipment | and the reeruitment of new staff, The completed project plans -
have alsg been used as & medium for the exchinge of information~dbout the priject,
and ivs progress, with workers from cbher statl.ons and cther organisations.  They
Jave been partlcul%rly useful where several rus\arch wurkers contribute fo the
sam: project, As & means of integrating their ‘separate-cuntributions. -
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Associated with each project plan is a contrel document, &.copy of which is-
given in the appendix to this paper, - This document sunmarisas the obJectlves
and the exiterie for the success of the projuct, as well as giving the required
compleétion dete and an assessment of the priority of the project = expressed as
& _"queue index" rated from O to 100.- Tha dates at which the proaect is reviewed
are determined by éxesminaticn of the critical path network. ‘At each review date,
the progress of the project is checked against the network, the completed
activities being removed, and new estimates of the thnes being made for all the
uncompleted activities. Occasicnally, where marked changes in the project
objectives or methods have ccecurred, it is necussary to redraw.the- eritical path
network completely, and to make new estimates f the tinmgs and rescurces necessary
for the completiun of the project. All of these chhnéea are dlScussed with the
project leader, and new ‘¢stimates aie made of the expected aato of completion, the
technical fea51b111ty of the preject, and the factor which 15 curruntly determining
the rate of progress. Flnally, the next datc fur thc r0V1LW cf the nr,aect is sst.

:The review proceduru'uutlln ed abovu has the nicrit of przvzdlng reasonable control .

~of research projects w.thout inhibiting the development cf’the project by =
centinuelly locking cver the shoulder of the projcct leader, ” The requirementsfor
the resources necessary to complete the proggct are rovlsed regularly, and provide
the Director with sufficient information to blan the allocatlon off the risourcas
of the station as a whcle. The setting of revicw datds o suit the development
of the priject rather than at fixed intervals gives increas»d flexibility, and
ensures thot prvgecta are only reviewed at eritical stages in their development,
but does not allow projects to lapse into inactivity. Finally, but by no mesans
least, prcjects are tcrminated when they are completed, or when their technical
feasibility or level of pricrity falls below an acceptable level,

Y3 Project‘ﬁégister

The prcject plans also provide the informetion for the-research staticn's preject
register. This reglster is a complete list of .all the pr.jects which are currently
being unlerteken by the staff of the staticn, together with their chjectives and
the names cf the projoect leaders. The projects are given by research strategies so
as t¢ emphasise the rclaticnships between tho prugects and thc broad atrateg;es
adopted 1n the totul rescarch programac,

The proaect rcglster is an important document for the commun;catlon of the research
programme to cther orpanlsatlons and betweun Ouhbr ruse irch sbat;qn, within the
Nature Ccns&rvancy.- : ST T

L.l EXporlment Plans

A furtuer ;unctlon of pruguct plans is to 1aent1fy the stages in a research proaect

at which a detailed experiment or survey plan is necessary tu ccntrol the design _
of experiments and surveys, the collection of ldata in the field, and théir subsoquent
-analysis. The desirability and form of such experiment plans has been discussed '
in detail by Jeffers, 1956, but the purpose of such plans is three-fold, First, they
inhibit: the collection of rusearch data in unsatlsfhctony ways in which thbre is.
little or no chance of producing useful results. See 'nd, they previde detailed
instructiuns for research assistants in the carrying out of the research and for
these who will be resp.nsible for interpreting ithe Fesults. Third, they provide

the necessary documentation of regearch procedurcs to enable future research workers .
“to undcrstand the: purposcs of the experiments or surveys, and their practical value,

An experlment or survey plan should contain the follow1ng 1nformatlon.

oblectS' A careful definition of the hypotheses to be tested of the estimates 4o be
made -as & result of the experiment or survey; general treatments: -an Aceount-and
detailed presoription of the management and treatment  of the whole. of the- experlmental
area or mater1a1 experznental treatnents. o detailed desceriptic¢n dnd prescription

R
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of the special trecatments that are to be applied to the individucl plots of an
experiment or to the inlividual samples in a survey, in sufficient detail to
enable a reseerch assistant to c.nduct the expericent and to interpret the
results; layout: the layout of the plcts on the experimentel aréa c¢r sanpling
frape, in sufficient detail tu enable the experinent t¢ be lail cut by a :
regearch assistant, or to be reconstructed by loter werkers, together with a

plen in dizgremactic form; assessments: 2 ligt of th. neasurcnents, cbservations,
- etec., that are to be nale, together with deuallpd instructicns as to how these
are tc be done; anzlysis: an account of the wetiiod of analysis that is to be
used on . the collected data, including a Jetailed breckdown cof the- treatnent

sum of squares iu an apelysis of variance, the covariotes to be used in analysis
of covariance, if required, and the regressinn ‘equations to be fitted in nultiple
regressiun analysis; oxpected precision: an cstimete of the precisicn that is
expected to be achievel in the experiment or survey, and the size of the
difference that is expected to de test dbtocte& as significant.

The experiment pian should be written by the ro's. arch worker who will be concerned
with the actual experimental work, anl will usually be discussed with, and
approved by, the project leader. There may be several experiment or survey

plans cuntained within a single project plen, and the urcject plan helps to

define the need for the more detailed plans, and ensures that such plans are
linked together 80 as to meet the overall strategy of the project. Experiment
plans may, thersfore, be reganmied as the tactical plans within the broader
strategy of the prcject plan.

4.5 Resource £lleocation

At any given point in tinc, there will only be linmited amcents of the varicus
resources that are required for the undertaking f rusecarch, e.g. of men,

noney, and materials., Scme of the rescurces. ey be readily 1nterchangeahle
between a large nuiber of possible projects, othei rusources, for example staff
with a limited range of spceialist skills, specizliscd equipment, etc., may be
available for caly e very limitcd range of projects, or may cven become
redundant as the broad strategy of a rusearch organis-ticn changes. 1in the
mej.rity of resenrch organisntions, the alloeaticn of these rescurces to individunl
projects is performed by subjoctive methods., One reason for this is that the
informaticn about the rusourcus that aru necessary for indivilual projects is
riot usually available, The project planning techniques currently being useld at
the Merlewood Research Staticn do, hewever, provide rvosonable estimates of the
resources that are necessary for the completion of projects, and the method of
reévising project plans provides for a centinual updating of thesc estimates,
Attempts are, therefore, currently being male to use tais inforwation to ohtaln
an OPtlmud" allccotion of the rescurcus by the means of such techniques as.
mathematical programming.. The approach adoptel is very sinmdilar to that described
by Bell, et al., 1967, and by Chilcott, 1966, by which a mathematical molel is
useld to £find the optinun cunbination of research projects undsr the varicus
constraints in the total amounts of the various resources and the times at Whlch
these resources can be made available. Although thcru are certain diffieulties
about the definiticn of the criterion by which an optinum is defined, thg carly
results already indicate thc value of consildering rcscarch prejects as members
of an inteprated "Proaect portfolio” rather than for their individual qualities..

An alternative anproach to the problem of resource allocation, and partlcularly
to the initial selection of projects for consideration, is the use of "game theory"
for the selection of alternative strategies. The basic ideas behind this approach
are outlined in an amusing fashion by williams, 1966, and involve the setting up
of the selection or non-selection of research projects as a geme against naiure,

. for which che out-turns are assessed for 00»31ble combinations of strategies,




A mathematical technique can then be used to select a strategy, or cormbination

of strategies, which gives the "best" return from the most unfavourable

" outcoms,” The technique makes a pessimistic selectlon of research proJects, but
appears to have somne advantages in appllcatlon. :

HL § Carser Develog;gnt and Training Plan o o ":_ _ - . -

.The-career development and training plan arises out of the scheme for management
by objectives, and.is strengthened by investigaticn into the aims and ambitions
of the rescarch staff which is carried out at the same time.as the discussion

o objectives with ench individuali, Ths purpose of - the' plan is ‘to define the

. training needs for all staff over the next five years, so that aporOPraate

- arrangements can be made for their deployment on training courses, S&bb&thml_ o
leave, etec. In many cases, special arrangements have to be made for the -
appropriate level and content of training courses, and the' enphasis of the'
training plan is for the courses, ubc., to bo tailored to the needs of the stoff
rather than for the staff to be sent on such courses as become avnilable, The
.training plan is revised after each round of discussions in the MbO scheme, 50
 thet the necessary arrangcuents can be made. . The discussion of the devulopmont
‘of the carecrh of individuals, rather than mcrely fitting into the crgxnlsation
is, of course, part of the MbO concept, and gives each member of the researgh
staff much greater confidence in his or hor nlabe'in the organisation, It should
perhaps, be emphagised that carvers are developed townrds the. 1egnt1mate
ambitions of the irdividuals rather then cowards the 3tereotypes which are hold
to be dLﬂlrablc by'thc organisation,

— J—

OTHER MANAGEMENT TRCHNIQUES

Other monngemint, techniques have been employed at the Merlewood Research Stotieon
fron time to time; and have been of some valuc,;although they are not currently
dngluded in the regular management c¢r rescorch ad“lnlstrﬂtlun of thb stz ticn.,

Sumc of the more 1mportant of thuso LTC AS folJDws - _ _ ) : b

(1) Brﬁlnstormlnp

The teohnique of "bra instormlng y vwhich a defined problem is submltted tc an oot
. uninhibited discussicn, is now fhlrly well-known, but is still not widely usecd., :
- The group of people gathered for the discusaion should nobt usually be larger than
ten cr twelve in number, and should contain as wide as possible a range of
disciplines and grades. There may be disadvantages in having anybody who
specialises in the topic under discussicn in the group, uwnless he is enprble of
taking a wide view of his specielisavion. The discussicn takes place idenlly ,
under informel conditicns, and preferobly after 2 few drinks ar a Iight surner, |
-s0*that 2ll of the participants are thoroughly relaxed, The problem is then
explained, and the participants askug to suggest ideas fer a solution, Ne
criticism cf any idea is permitted ot the scesion, but pﬂrtlcipa ts are anouxaged :
~to chelop or extend any idea that is put forward, nc mettér how ridiculous that

idea may seem ot first sight. Ihe verious ideas are recorded, either directly by

discrete. shorthand , or indirectly by usc of n tape-reccorder, and ﬂre then '
reconsidered crltlcally after a ruasonablc lapse of time. ™ :

Expurience with thzs technlque Subguut th“b worthwhile 1dcas, or - comblnatlons of
ideas are frequently derived, and that broinstcerming sessions are useful in bringing
new light to bear i problems which have suffered .from an over-specialised aprresch.
-The sessi.ng alsc have the merit of extenling what has been called the "lateral -
thinking" of the members of the staff who take part, and creating & more roloxed

and 1nten11301p11nury atmosphere for the creaticn of new projects and 1da13."The
technique also helps to stress the close cross-fertilisation that is. pcssible

when Jifferent disciplines lock at the same prcblem, _
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(b) Delphi Guestionnaires and Group Feed Back Analysis

One of the techniques used in technological forecasting is the Delphi technique
(Helmer, 1968}, by which a panel of experts is asked to ccmplete a questionnaire

on their estimates of various numerical parsmeters. The resulting estimates are

then summarised by computing the medizn and upper and lower quartiles and are

" then resubmitted to the panel, vith a request that the members of the panel should
reconsider their estimates in. the light of the combined judgements of their
colleagues. If any member still feels that he wants to retain his estimate outside
the quartiles of the combined judgement, that wember ls asked to givo reasons for
maintaining so extreme a view, The new estinetes are summarised, and are resubmitted

- to the panel, together with th: recons thet have tewn advanced. The panbl is then

asked to reconsider their-estimates, and, if their reconsidered estimate is still
outgide the computed quartiles, to‘sabmit counter-arguncnts to the reasons
submitted, Yhe estimates are summerised once more and submitted with the reasons
and counter-reasons for a final revisioi of the estimates by the panel.

The usual effect of the technique is for the various estimates to converge towards
an informed concensus of opinion, with the various arguments for nore extrcme
estimatos, and the counter-arguments to these extremes, being given due weight.
The dominance of a small rumber of strong perscnalitics, which is frequently
evident in cormittees set up to arrive at inforred estimatus, is avoided, and

‘the level of discussion is freguently higher than thet achicved at a committee
neeting, where the mumbers of the cominittee are often influenced by external
factors,

The technique can be extended to small nectin:s of experts (Heller, 1969}, during
which lectures or demonstrations are followed by Delphi-type questionnaires.

The result cf these questionnairces arc then used in the discussion of the lcctures,
ks a result of this discussion, a now qunleonnalre is cempleted, le~ding to
further discussion, or to the prescniztion ¢f the results to a different group.

In this way, discussion of technical 2n} scicntific problems can be concencrated
on the important issues, and the rosults pade available for further work,

(¢} Decision Trees

Many research de0181ons require the evelustion of complex situations in ordor to
determine thu advantages and disadvaniages of possible alternstive courses of
action, and the identification ¢f the neced for srecific types of information
before raticnal decisichs can be tnken, Displaying thesc decisions as a brenching
. tree diagrenm in which the probabilities of the (utcomes of each decision are shown
can help to wvaluate the best inmeldicte choice. Somoe expericnce with the use of
formally ccnstructed decision trees at the licrlewoud Rescvarch Station sugsests
thet this technique is valuable in helping to gain agreement about the logical
choice betwcen alternatives in group discussiuns. -

(d) Discounted Cash Flow

This method of evalusting capitnl expunditure prUJthS, taxlng 1nto account l&Xﬂthn,
etc., and the fact that the earlier o roturn is obtained, the nore valuable it is,
has come to be widely employed by Govermacnt and cther agcncies. Indeed, the method
represents one of the few mothematical nodels which administrators currently
understand. The major disadvantage of the nmothed is that ne provision is usually
made in the calculations for testing the sensitivity of the results to changes in
the input parameters, and users of the nethod toc seldom explore this sensitivity

by deliberately changing the input parameters within likely limits of variebility,
Boesuse the methed is widely understood and employed by those who control resources,
resecrch alministrators and managers can scarcely afford to neglect it.
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RESEARCH ACTIVITY

It is scarcely necessary tc stress thrt no zcnount of management anl administration

can replace the need for direct research activity. Indeed, the whole purpcse

of the varicus methods of managemént and pruject planning descr1bed in this
paper is to engble all members of the rescerch staff to devote the :xxigum
proportion of their time to¢ direct ressarch activities, i.e. to thinking, the
formulation of hypotheses, the design of experiments and surveys, the collection
of data enld cbservaticns in the field and in the laboratory, the processing and
analysis of data, the interpretation of resulis, and the writing of clear

anl informative papers. The neced for reusearch uanagement derives from the
unfortunate fact that, without sone degree of control, direct rescarch -activity
tends to become confused, purposeless, an' inefficient. The close ecllaboration
between -scientists, coften .of widely different disciplines, which is so
cheracteristic of modern science, is particularly liable to suffer from
inefficient or inadequate. managemont, '

Research activity must include thinkinz and ccntemplaticn. MNany young scientists:
fall into the trap of wnntlpg to be rhysically busy all the time, so thst they

.are continually eollecting data, deoing experinents, or processing lata withoub L
taking the necessary time to think ¢ub the ‘aims cf their research, or the methods.

- which they will use, and without. allowing sufficient time to interpret and. =
‘present results. In this, théy arc no morc culpnble than the manager or

edministrator who surrcunds himself by n daily turicil of interviews, cormitiee
metings, and correspendence, so tht he nevor has time to think through the
e jor issucs of the-affairs.hc is controlling. The end result of such-o

Cturmoil is, perhaps, mere sericus for the seientist, in that lack of rlgcrous

thinking ultimately destroys his reputation ns 2 scientist.

‘One topicnl aspect of research activity is the increased use cf elcetronic ™~
digital ccmputers. How that thesc ucchines are readily available to scientists,
"4t is Imporbont that dats eellected by seicniists sheuld be collected in

" machine-realable form, or shoull be put inte wochine-readable form at The

arliest possible opportanity. Cnly inefficient and backward scientists
analyse.lata manually when they can undertcoke almost any furm of mathematical

or clerical process qulckly anl chooply on nelern conputers.  The speed and hower
-of the. .available machines is, however, not the only roason for using them... By

making rescarch data machine-realzbliy, une ensures that datd are.not lost,
and that they are realily available to one's colleagues and crganisation,

-Furthermore, the fact that electrunic compuicrs have to be programwl ensurcs
" that a complete and unambiguous rveord is kept of the methols. cf analysis and
-the cleriecl precesses thntg are carried out during the course of the research.

Finnlly, the length of time thot it takes o write up resezrch results for
publlcatlon should never be unlercsitineted., Bven with the use of electronic

.computers for the analysis and hanldling of research datco, the time needed to
© write up the results can be estimated approximately as the tine required for

the collection of the basic data multiplied by o factor of three ur four. _
Thus, if it tokes three or four weeks of actual .ficld time to colleet data,

it is necessary to alleow at least twelve to sixteen weecks for the antlysis and

writing up of the results for pubiication. Without the use of computers, it may

‘bé. necessary to multiply the deta collection time by a factor of ten to obtain o

2 recascnable sstimate. . - -
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INTHRNAL COMMUNICATTIONS

Communications within a research organisation are vitally important, bub
many organisations leave these comaunications to chance and to casual
encounters, In & small orgenisation, the individual members of staff mey
know each other sufficiently well Tor real cortaunication of ideas to be
possible, particularly if they meet regularly over tea, coffee, or lunch.
As the sizz of an organisation inereases, however, the nrobiems - of.
communication become more dificult, and, even in quite small organisations,
a single imdividual who opts out of regular and informal gatherings Yecause

of personality difficulties,; or because he is so absorvéd in his.own activities,

can cause a serious breakdown in comaunications. #ith the formation of -
separate sections in an organisation, and, especially, the dispersion of
the units within separate bujldings, communication can be severely restricted.

The system of internal communications currently used at the Merlewood Research

‘Scation is suwmarised in Table 1. The meetings shown in this table are
'supplemented by chance mestings over tea ond coffee in the mornings or.
‘afternoons, for which the probebilities are increased by serving drinks at a

single point in the staticn rather than in the separate laboratories. Too
much reliance cannot, however, be placod on chance meetings as there is a
terdency for sectional or hieraichical grouping to take place even on these
occasions.

The weekly meeting of the D -cctor and the Heads of Sections is an informal
affair, which tokes place cver coffce on Monday mornings, and provides an
opportunity to dizcuss the programme for the coming week, or to raise issues
which have emersed during the past week. An intoresting fiature of such
meetings is thot they wecasionally develop into gencrael discussicns of policy
and halp %2 create a feeling of unity nimong the senicor staff of the staticn.
The me-tings are usually fairly short, but may last fer an hour or more if there
are importeont ndaoinistrative or technical points to discuss. '

Bach secticn 2lso solds & raches winilor inform2l meeting for all members

of the sceticn, incl.ding any visicing workers. The aim of such meetings is
to pass on cny adminisviative .0 uxecuidve decisions, to discuss the weck's
work and the ollocations of prioritics for the more junior members of the
sectiin, and to resclve any aifficulties that have cecurred. They act as a
safuety valv: for the feelings of siclT towards the orpanisaticn, and, through
the Scvetion Head, provide a pesns of communicaticn upwards and downwards for
the essential business cf the orgrnisaticn, Agein, the meetings are usually
fairly shert. Some sectiuvns like to hold these n.etings early in the week,
others at the end of the week, but the timing and length of the mectings is
at the discreticn of the Section Head,

A fornal meohirg of the senicr stafll 0 the rosearch station, ineluding the
Directur! ths Bectiun Heads, and all scientific officers, is held every guarter,
and vsually shortly after the meetings of the Seiuvntific Policy Committee of the
Nature Conscrvancy. Part of their purpese is t¢o enable the Direstor to inforam
the senicr staff of the stotion of any changes in policy. The meetings are
conducted formnlly, with the Director in the cheir, and are fully minuted.

¥uch of the discussicn tends to be concentroted on administrative -questions,

but ‘research policy and questions of rosearch methods and equipment are alsc
frequently raised. It is open for any member of the staff to ask for a subject
to be ircluded on ths agenda., The weetings usually last one to two hours, and,
apart from previding a useful opportunity for discussion by a wider group of

the rusearch staff, provide experience in the conduct of formal meetings for

the more junior seientific officers,
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During the autumn, winter, and early sprzn =, staff seminars are held every .
fortnight. These staff seminars are optn tc any member of the staff of the
research statiun, ds well as to visiting workers., Attendonce is voluntary,
and widely different nuchers attend according to the topic of the talk.,
Scme of the seminars are given by visiting guest specakers, but the lergest
proportion of the talks are given by cur ¢wn staff, and include talks con |
new techniques, on the research currently buwing undertaken by individuals cx
by sections, or on gener11 developments in particular disciplines or
industries, The seminars provide o Poruwa for discussions of the broadest |
- kind. They help to educste the more juniocr mevbers of the staff in new

techniques or in the trends- of modern scientific idess, they keep specialist
research werkers in touch with the work of their colleagues, and they .
stimulaté the discussion of controversicl ideas by stef{ at all levels.

The seminars have a special functi.n in providong training in public sPeaklnb
~and lecturing and the conduct .f discussicns by young scientists. By
practising on his cclleagues, a young scientist can iaprove his own-style

of presentatz;n, particularly if indications of irritating mannerisms, pondgrous
delivery, or bad timing are given toctfully by the Director or the - pprop“l&te
Head of Section. Diffident speakers can be encouraged in this WPy, and, as
the importance of public speaking for scientists cazn scarcely be over- :
enphasised, the staff seminars would almost be worth running for this renson
alone. :

The annual programme cenference of the Merlewood Resenrch Staticn lasts for
two doys, and takes place in November iirmediately after the senicr staff -
meeting in thet wonth. The aim of the cenfevenes, which is open to 211
nenbers of the rusearch staticon as well as tc v131t1np vorkers and a2 small
nuﬁber of specially invited scientists fra organis=tivns working in closely
related fields, is to review the work of the risearch station and t. discuss
the chjectivos of future resefrch. TI¢ is on opportunity for the stnff of the
stat“ to see the cbjectives of the riscarch, to understand the orientaticn
of exdsting ~nd new projects, and to gain an unlbrstcndlng of the Loin
pri_riti.s for future work., AY the tiwe of this prograwae conference, the
project register is alsc revised for thoe cenming year. The contributicn to. the
discussion by the invited scientists is frequently igportant in stressing
the rﬂlatlonshlp of the work of the stotion to work thot is being undertoken
in releted fields. lhe form of the confeurence is deliberately varied from
year to year, - In scme years, the wmain canhasis is on the definition of
. .resenrch strategics; in others, each scoti.n is asked tc prusent its current
~and future work in the woy which seems wost appropriate at the time.
Alternatively, discussion can be centred on particular topics or on tho needs cf
the Naturc Conservancy as a whole. ‘The importont foature of the progremme
cinference is, however, thot, cnce urch yoar, the staff of the research stoticn
shiuld pause, take stuck of its achicvencnts, and consider thc directions in
which futuré rescarch sheuld meve, and thot it should do thuse things as ¢
cuncerted effort, with all levels of staff uaking their contributicn tu the
discussions ﬁnd hbarlng tha Pefsons for 1001BL ns which ultlmately huve tu be
made, :

Finally, a small safety committee, nade- up of the representatives from the
scientific and experinental officers, the scientific assistants and the -
office staff, mecets as required to consider the subject of the safety of
the staff gnd property of the station. The snfety comaittee is an advisory
body, making its recommendation to the Dirccter, but it plays an important
and valuable role in anticipating conditizns and situations which contain
hazards to the health and safety of the stnff, The menbership of some:of
the more junior mémbers of tue staff is important to the functicning of the
comrittee, as those who have tu do the netual work in the laboratories and
workshops are frequently those who are most exposed tc dangers, and capable
of reeognising the hazards,

3
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The various methods of internal communication cutlined above have proved to be
effective in building up good internsl communiceti.ns, and helping each member
of the staff of the research station t¢ see his or her role more clearly,
agoinst the backircund of the orgenisati.n as a whole., The meetings themselves
do not take up an amount of time which is disproporticnate to the importance of
good communicaticns, and go a long way to preventing .wasteful alternatives for
ensuring thet staff have an opportunity to discuss ideas and Jeclslcns.' In
reviewing these varicus meetings, however, the importance of written
coamunicaticns, recording decisions thﬂt hiove been taken 2s a result of discussion,
should not be forgotten., Informaticn on :oper has the cver-riding advancage
that it can be read when the recipient is ready to ebscrb it, anl also that the
rcsprnsibility for realing cr ignoring it is left to the indivilual. It also
provides a permanent record of decisicns which ray be lacking if all Je0131uns
avre made verbally or on the telephene.

THE RLSPCNSIBILITY OF THu DIRLCTOR

It is appropriste to end this paper on project planning anl administration by
summarising the responsibilitics of the Director of a research station, These
regponsibilities themselves help to define the ains of the various methods of
research alninistration that have been introduced ot the Merlewocd Research
Station, and are ccnveniently exprossed ot three lovels,

The first of these levels is the responsibility to science as a whole, by
ensuring that all of the work cnrried out at the station is firmly basedi cn the
scientific methcd. This entails the correet use of cxperimental or survey
Jesign, the rigorous checking of instruments and cquipment, and the maintinance
of the highest scientific stendarls for 21l seicntific work. It also entails the
paeinstaking editing and checking of all publionticns which go out unier the names
of members of the staff or unler the naxe of the crganisaticn as a whole, It
involves the rejeetion of any conpronise with idecs which are politically or

i
socially expelient, if those ideas are not based un observation or experinent.

T express this rusponsibility in tnese terms mry sound pompous or naive, but the

fulfijuent of the respcnsibility is essenticl to the reputation of the organlsatlon
and the individunl scientists it employs.,

Phe swcond responsibility is towarﬂs the wrranis~tion itself, in seeing that the
resources allocateld to the research station are Cirected tuwards the strotegies

and projects agreed with the Directours of the oricnisztion, and with the Sclentific
Policy Commities, Only by alequate methols of pr.ject planning can this
responsibility be fulfilled, and research mennzed towards cleurly defined

cb jectives.

The third respensibility is towards the stoff of the research staticn in seeling
that their careers are properly developed and planned towards the goals which
each individual has a right to set for him- or herself. This respensibility
entails the treining of each indiviiual to undertake incronsingly importent roles
in the organisation and in the wider context of the scientific world. Ultimately,
it entails the Director of the rescarch station training people to do his Jjob,

so that the succession in the cuntrel of the project planning and research
alimdnistration is ensured.

If, in addition, the research director omn undertrke an active pregrawse of
resuﬁrch hinself, so that he is able to ;rovide » lend t. his tean, and to set,
by exarple, the sort of standards that are required from such research he W111
be able to lerd rather than tc push. The advantages of the methods of project
nlanning and research alministration deseribed in the paper are that they not
unly enable a director to fulfil his essential respensibilities, but they also
enable hin te deveote as wnuch as 40 per cent of his own time to direct research.

r
I
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Prcject Plan ' R ' -Projéct 302/1 _

. MeASURLMsND CF SOTL /ND AIR
TEMPERATU: J5D SCLUL %«DLi:TION
0. . Henl

Sumpary Objectives: Measurvaent of scagonnl ch
at different levels in the goil and voset
) ensrey ingut,

anges in temperature
ation anl estimation of total solar




BACKGROUND

Terperature reccrding: informoticn on temperatures in soll and among
vegetaticn, is required by varicus I.B.P. workers at Moor House. Tt was
decided thet this would be most conveniently supnlied by CGonservoncy )
staff, therefure a Grant 50 peiny recorder, with thermistors, was purchascd
in 1968. lhe ncre autcomatic limpet Lagger woes not purchrsed becnuse of

its p cr performance in trinls ot Merlowocd by K. L. Becock.

Sclar rodiation: I1.B.P. recomaendcl thot oll mein P,T. sites should roecord
energy input as sclar raliation using Kipp sclarimeter and Kent recordess. .
Such on instrument wis installed ot Mour Mouse in 1966. This provel
unsatisfactory because of: '

1. mechanical faults in the recorder; and
2. variable current cycling frou the gencrotor which

caused erratic running of the clock.

4 replaccuent instrument - a babgery operated Linbronie recorder giving on
hourly print-cut - was orlered in Llote 1968, '

OBJLECITIVLS

1. To provide I.B.P. workcrs with neasurenents of alr cnd so1l tenpersiures
showing spatial {especially vertienl) and tuaporal (inily, sunsonal
end a.nual) variation. Thisc are to be in thoe fome of punched tape
and/or printed, giving raw Jatn ano cnily, weckly, nonthly, anl y.arly
means + standenl orrors. ' :

Kensurvments are to be supplicd fir nt least the follewing projects:-
1.1 Above the vegetotion -nl omong, Collunn, Ericphorun, and lubus

plants for correction of leborntory estimntes of nhotosynthesis
and respiration (302/6/7/8) ~nd studics cn psyllids (302/10).

1.2 In litter fcr correcti-n of ruspirnticn mensurements of
decomposing, vegetatl n (302/1).

1.3 At O,'3, 6 cin. dwnth in pert . reiote to foaenal populstion
Co and distributi.n ch~n,«z “nl t . corrcet Iaboratory. estimntes
of respiraticn {(302/12/13/1/17). : :

1. - Froz 0-20 cm. in pent to cerrcet laborstory we~surcments of
+ microbial sectivity ond relnic to prowth temperstures ©

- bacteria (302/15/16).

2. To test the Lypcthesis thot there is ne lifference in the nicro-climntes
in and abcove Sphognun on Syke Hill ~nd Burat Hill. These ore the sitces
uscdl for the mein vegetation stuly (302/5) anl for intensive Sphoynui
osroftuction measurcments {(502/6) rospoctively. -
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Starting dats

_Project Lesder 0, ¥, Heal : ‘m’- 302/i,

A*ril,
Sherd titde ' Measurement of soll and-air tamperaxure and solar radiatlon o]
' ' To provide I.B.P. workers with:~ . '
1. measurements of alr and soll temperature showing Jally, aeasonal,
PeMaied annual, and spatial variation; '
2. measurements of solar radistion ahowlng datily, seasanal, and
annuel variation,
1. Lintronic recorder set up and running by April, 1969. .
_ 2. Data punched up to date, computer program ready to supply deta uO
Criteria of _ I.B.P. Workers, Juns, 1969.
sucoess 3. Comparison of dyke Hill and Burnt Hill, by Ju].y, 1970.
) Le Poper to J hcol. hy Spring, 1972,
. 5. R. & ' = 3 e = =
RGD tion ! 6. R. &D, prper on radiation nethod and data daposztem by Dec, 1972.
dnte December, 1972
Qusua indox 65
Expeotsd | Tech- Rate~ I e
Review date Complation determindng Reporis issual

on dats

Deo, 1972

Data
procesaing

January, 1970

Dec, 1572

Data
processing

Data distributed to
outside worlers

11 ¥ay, 1970

Dec, 1972

Definition

1 Sept, 1970

of analysig

o e —— -

C el i e s -
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CRITERLA FOR_ SU CCESS,

To ealculate thermal dlfqulon rotes in Vdanket bog anl, if possible,
relate these to standard meteorclogical recording at Joor’ﬁouse 80 .
that further measurements at Syke Hill aM™ unnecessary.

N
To provide I.B.P. worksrs with mecsurements of energy 1nkut as solar
rediation showing taily, seascnal, anl nunual variation. The date to

%

- be 1n the form of ;unchuu t°pe hnd/ox nrint-cut.

Llntrunlc recorder set up and running satlafactorllv hv nprll 1969,"

Data rurched up -to date anl computer progranm available for
extrection of data for individusl probes with mean + 8.1, for
days, weeks, months, 2nd years, for supply to outside workers
by June, 1969, Nn+e circulatel to all participants specifying
data available, format, and method of cbtaining (POoSibly in
parallel w1th h. L. Bocock re Meathop 4atq) ;

Prellmlnary comparison of Syke Hill and Burnt Hill dat3 by July,
1970, and implementrtion of any vreposcl molificaticns o
recordings.

Acceptance by Journzl of &cology of po 2er on tempurature
reelme in a moorland, by Sprinz, 1972,

Production of short Kesearch and Developuent P Peger on solqr
radiation measurements and sumnnry of results, covering data
dprSlteﬂ in Merlewooa data bank hy DLoomer, 1972,

Prceluction oP Rescarch ani Drvelo1nent Parer on temperature
neasurenents anld summary of resulis, covering data deposited
in Merlewood datn bank by Decenber, 1972. .

SUMIARY OF LE.SGURCL meOu;Lle(j_N

ALL instrumentation has been purchased, Manpower commitment as follows:-

3.8.0. - . Hoor House

: . 7 1.B,P. 8.4,

(0. 4. Heal) - - (8. Carrick)

1969 0,30 0.50 ¢
1970 0.10 G.50
1974 0,20 0.50
1972 0.10 0.50




~ Tevble 1, . Summary of Internal Meetings
. . : _ i ! . :

Meetineg - i 5 | Director | Section | Scientific | Experimentel | Scientific | Office | Visiting

eeving | frequemey | VAYSOROT ) neags | Officers fficers Assistants | Staff | iorkers

| Heads of Secticns | weekly v v’
Section weekly o L v Va
Senior staff wuarterly S o v
e .
Staff seminars Fortnightly v v - v o v v
Programme : e v . v’ e . v Ny . ,\
Conference
‘Safety Committee | As required | o o _ ,\\ NS
4






