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Abstract SRCE S

The paper examines various crises in Mathematics among the ngenan learners
in primary, secondary and higher school systems. The crises are the mabzlzzy of
many learners to understand the idea of numbers at elementary stage, and
improper application of Mathematics formula. It explores empirical design with
some fundamental issues in the content and pedagogical areas of Mdthemncs to
the manner through which they constitute crises for the understanding of
Mathematics by Nigerian learners. The population of the Study incliided learners
in primary, secondary and higher levels. A sample of 75 leamers were ‘chosen at
different levels with different Mathematics instruments (r; = 0.60, ry = 0.65 & r3
= (.69) based on the chronological and mental ages of learners, and in line with
the scope and contents of Mathematics. One research question was rqised, with
data analyses through simple descriptive statistics of méan “and standard
deviation for the categories of learners used. However, the findings were based
on mathematical language problems of contend and pedagogy. The study
concluded with recommendation on the possible way out of these crises in order
to ‘attain qualitative academic achzevemenr among the Nzgenan leamers of
Mathematics. : o -

Introduction e '

The school cufricutum depends on the nature of the society which it is expected to
serve; and it consists of different subjects such as English, Mathematics, and
Social studies. Each of these subjects has considerable crisis among learners. In
Mathematics crises are inability of many learners to understand the idea of
“nbmibers at’ elcmentary stage, and the improper apphcatton ‘of ‘mathematics
“formiula. Mathematics as one of the compulsory subjects for the ngenan fearners
- was evolved to solve societal problems, and according” fo' Omaze (1985), it
occupies a central place in the school curriculum. Apart from this, the importance
of Mathematics is often noticeable in all spheres of human endeavours to an
‘extent that no meanmgful development can be achieved éxcept when Malhcmatxcs
is employed. "The present Global ‘System’ of Telecommunication (GSM)is
possible via the use of numbers, an integral part of Mathemiatics. Evidence of ‘the
crises abound in different studies conducted in Mathematics to have included

72



factors such .as the nature of the subject students and teachers related factors
among others. Adesop (1999), Akmsola (1999); Dyedcji (1996). However, the
present researcher is of the opinion that the developmental stages of the crisis
deserve to be mentioned in order to praffer a concrete solution to the subsequent
crisis in the subject. The crisis in Mathematics is divided into two major factors
such as content and pedagogy. As in other subjects language plays an important
role in the dissemination of knowledge to its recipient, and that is why every
learner is expected to understand Mathematical languages such . as
: POSIUVC(+)Jmnushlcgat:ve(—),multlphcauon(x) dnnsmn( ), greater than(>),less
- than(<),greater than or equal to(=), less than or equal to

(<).equal to(=),not equal to(=),similar to(=) and various formulae for spemﬁc
problems in Mathematics.

Statement of the problem
The study was designed to examine the growing crisis in Mathematics among
Nigerian Ieamers having taken into consideration the inherent mathematical

_languages _

Research question S s i
What are the dimensions of cnsns in Mathemaﬁcs for the N1 genan learners'?
: Methodology | |

- Design

‘The study was an empmcal re:search whxch made use of ngenan leamers 111 the
‘primary to the higher school levels in Ibadan, Oyo state.

Population
-Population to the study included learners at primary, sccondary and hxgher school
Jevels in Ibadan Oyo State. _ - o

,Sample and samphng techmqua |

.75 learners constituted the subjects to the study, and the:y were stratlﬁedly
sampled .as 35 primary three, 23 Senior Secondary (SS) one. and 17 National
Diploma (NDI) leamers. | | b BrEns ows

_Instruments

Major instruments employed in all cases were the Mdthemancs evaluatwe
questions in Mathematics in three categories and relative to, leamer S
chronologlcal and mental ages.



Validation . 1o ' -
The questions measured the content vahdlty of the mstrument as attested-to by
two experts who happened to be senior colleagues in Mathemancs :

Rehablllty : : : : : :

All the items of the mstrumcnt were. rial tcstcd on snmlar groups of leamers in
the main study within an interval of two weeks, and correlation coefficients of
0.60, 0.65 and 0.69 were obtained for the primary, secondary and higher levels
respectively.
Procedures _ . o LI _
Each category of learners was personally taught the concept rose in the mstrument
and later asked to solve similar questions. Each phase of exercise lasted for six
weeks with eighteen weeks for the entire exercises. It was their responses coupled
with the aforementioned language problems in Mathematics that allowed the
researcher to understand various identified crisis in Mathematics. :

Findings o i . s
Study revealed that the language of Mathematxcs plays a dornmant crisis in
Mathematics for learners, and could be seen in the content and pedagogy

Contents of Mathematlcs '

In Mathematics, the major languages are signs/symbols and fonnulac/theones
just to mention a few. One of the major crises of the Nigerian learner in
Mathematics is the translation of signs/symbols to an acceptable norm. A learner
is acquainted with the signs like minus (-), positive (+), multiplication (x) and
division (+) but left in the dark of the meaning of these signs to his immediate
environment. Apart from that the manipulation of these signs is a great problem
for the learner especially when encountered with the related problems. Take for
instance a learner might know that end result of positive (+) and positive (+) is
positive (+) but what about the case of negative (-) and negative (-) that do not

conform to the earlier- assumptmn This is an initial crisis for the Iearner in
Mathematics. -

With a total weakness in the translation, manipulation, recalling of signs/symbols
the next crisis which faces the Nigerian learners lies in the application and
recalling of formulae/theories towards an accurate standard. In most cases, the
learner feels that these formulae/theories in Mathematics are used to resolve
particular problems in Mathematics without its application any longer to the
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societal values; and as soon as these formulae/theories are applied to definite
classroom work, that marks their end. For instance, a leamner taught the principle
of Simultaneous Equation x + y = 4 and 3x-2y = 6 might not ascribe it to the
meaningful buying and appropriation of scarce resources to satisfy one’s needs,
but only solve for the value of (x, y) = (14/5, 6/5) as the final. The analysis made
here is that the principle of Simultaneous Equation has not made the learner to
realize that the issue goes beyond the classroom sxtuatmn but to the solving.of the
problems in the society. i SR A A —

Apart from these, the inability of many learners to understand the idea of numbers
at the elementary stage constitutes a crisis in Mathematics. It might bé'true that
leamer can count from one to hundred off-handedly but, the problem lies with the
identification of the numbers. This is because the learner- has developed the
vocabulary of these concepts as against the meaningful ‘interpretation” of the
numbers. In the same vein, the improper application of the formula is a problem
in Mathematics and sometimes, it constitutes a crisis for the leamers. This
assertion was based on the personal encounter of the researcher with three
separate groups of leamers in different a where the following discussions: were
held. In the discussion T represents teacher, S,, S; and S; represent the three
groups of learers in Primary three, SS one and ND one respectively. e
T: Goodmoming students! So: Goodmorning Uncle, God bless you sir.
T : Last week we discussed the manipulation of signs hike (+) x (+), (+) X (-);:(-)
x ) and Ox ). Can someone remmd us of the answers to those questlons‘?
So: Yes uncle, the answers are +, -, - and - respectively '
T : It is true of qucstlons (1-3) and not true of the last quesnon whose answer
shouldbe (4) :
So: But; uncle, the answer to (+) X (+) = +, and so the answer to (-) x () = -
because the sngn was repeatcd in the first one and so, it should be for the second
oneaswell.
T : No, it does not ho]d Ilke that tht the first one stlpulatee was that the friend
of your friend could be referred to as your friend, okay. The second one could as
well be termed as the enemy of your enemy could be your friend, since that one is
against your second enemy. The signs (+) and (-) could be termed as friend and
enemy, respectively, in ordinary language through symbol in Mathematics.
Se¢: Uncle, does it change the cases of the second and third ones where their
- answers remained the same? - |

T : No, it doesn’t as the rules of friends and enemies still hold in two cases. Do
we understand? | .
So: Yes!
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T: Now let us see how competent we. are in Linear measurements: 10mm = lcm,
10cm = 1dm, 10dm = lm and 100m = lkm. Mass and weight measures — 10mg =
lcg, 1ch = ldg, 10dg = 1g, IOOOg = 1kg and. 1000kg = 1tons while in cubic
measures — 1000 cubic mm = 1 cubic cm, 1000 cubic cm = 1 cubic dm, 1000
cubic dm = ] cublc m and 1 cubu, dm = lm/htre Now everybody should recite
these after me. e : :

'Sg IUmm = lcm IOCm = ldm IOdm — Im and 100111 = lkm Mass and wesght
measures — 10mg = Icg, 10cg = 1dg, iOdg =1g, 1000g 1kg and 1000kg = ltons
while in cubic measures — 1000 cubic mm = 1 cubic cm, IOOO cublc cm = 1 cubic
dm 1000 cubicdm = 1 cublc m and 1 cublc dm lmfhtm i = |
T: Yes, clap for yourselves Now, I want R to tell me thc valuc of li)dm = ‘? At
this juncture there was a perfect silence.in the class. to an extent that if a needlf:
was dropped it would be easy to-hear its sound due to the: nﬂn*understandmg of
the question on the one hand, and the starting- of the question half—way ILeamers
could provide answer to the problem only if they are asked to start recitation.

So: Uncle, the answer is poss1ble when we start counting' from: the begmmng
Otherwise there is no solution to the problem. | >

‘T: Yes, the question of this 10dm = 7 is a crisis for learners to. undctstand c:xccpt
they are taught how to associate values to these linear measurements with the
' appropnate teachmg aids and well structured strategy from the teacher

‘At thispoint ‘many" examples w1th different measunng tapes were shown to
learners to see and copy in order to apply these in arriving at appropriate answer.
The most surprising thing which T noticed was that these learners (Sp) had to
recite the whole linear measurement before answering the question, and the same
was applicable to other tGplCS tdught by the researcher. Thcy havc been used to
Tote learning style. -

Table 1: Mathematlcs achlevement test scores for B sclmol leamers
| Num |- Pre-test scores | Post-test scores . | Difference - of
- x e e vananee '
___Mean Std. Dev. | Mean | Std.Dev. | 140 . . -
35 41.3 146 43.0 1.88 |
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Meanwhile teachers are enjoined to make the appropriateness of rules clear to the
students rather than dogmatism in solving Mathematical problems in order to
avert further crisis, as corroborated in pupﬂs performance in table 1 of the pre-
and post~tcst SCOres. \ F TN %

In another forurn which involved the researcher with learners of secondary
schools where the concept of quadratic equation through the formula was to be -
used, the first sight of the formula x = {-b %V (b® — 4ac)}/2a was taken as X = -b
+{y (b ~ 4ac)}/2a. Based on the following interaction the session between the
researcher and learners went as follows ‘

T: Let us treat quadratic equation ax’ +bx +c=0 W1th the formula = { -b +“J (bz
— 4ac)}/2a, where a = coefﬁment of x?, b = coefficient of x and ¢ as%onstant in
ax” +bx + c = 0. L St I |
Si: Sir, can’t we write the equation’s formula as x =-b +{\f (b 430)}/ 23?

T : No, it does not obey the rules.of the quadratic formula. Along the lmc the

equatxon x* +3x—4 = 0 was wntten and solved via the formula so that X =

i Suppose we want to soive the equanon k2 + 41( + 3 0 Wlth the same formula
what do we do? | - - - i

S1: We cannot-solve the equation since x is not glven and that formuia o be used
is'meant for x only. : T

T : No, the formula stili. holds for all types of quadrauc equatlons though the
answer will be in terms-of variables stated in the question.
'S;: Sir; ever since we have come across quadratic equations they are often in x
and some in y; and most of the text materials that we have come in contact. w:th
~have not-stipulated otherwise. e o |

T : Suppose the equation is of the form x* + 4x + 3 = 0, can we use the forrnula‘?
Si: Yes, so that a = 1, b =4 and ¢ = 3 in the formula x = {4+ 4° -
4(1)(3)}/2(1) = {~4 +J (16 12}/2(1) { -4 +J (4)}/2(1) = {4 * 2}/2 =-3or-1.

T: Now iet us use ‘K’ whcre we have X’ and see what we would get k_ -4 +«\/
4% - 4(1)Y3)2(1)=-3 or -1. - '
S1: Does it mean that we can use any letter and get the same answer?

i i Yes, the main goal of quadratic equation is to have two—valuc(s) answer
1rrespect1ve of the Ietters used. : = - ‘

S;: But in most of our Mathemaucs CldSSBS we were often taught with x and on

some rare occasions we come across y. This has given us, the impréssion that no
other alphabet could be used especially as the formula to be used is coded in x.
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At this point many examples were given with different letters for the students to
copy and solve to _seé_:.__. if the Samﬁ; answers. would be obtained when presented. To
the surprise of the: T these students. (S;) had to write the equation in a form of x
and get solution before replacing later with the appropriate alphahét, for they have

Table 2: Mathematics achievement test scares for secondary school learners

Number | Pre-test scores | Post-test scores - .| Difference of |
| variance

| Mean | Std. Dev. | Mean | Sid.Dev. | = 172 |

23 450 | 1355 7 554 | 203 ] o

There is therefore the ‘need for téacﬁéfﬁi"’io makec]earte leamersthe appropriate
use of the formula in solving Mathematical problems in order to avert further
crisis, based on leamners’ performance in Table 2 of pre-and post-test scotes.

In"another forum which involved the researcher with leamers of higher learning

the formula for the correlation of 'fbrdiilal‘"iiéﬁablés" in form of Speannanrank was

to be-computed, it should be maintained hére that the first sight of the formula to

the students was {1 <63d” }/n(n”- 1) as against the appropriaté write-up of 1-{
63.d* }/n(n® - 1). When the data in terms of x and y were given to students (S,) to

compute the correlation, S, did the preliminary working as the rule stipulated but

got confused when applying the formula. The discussion below is better used to

illustrate. . Te. ol ol B b o

T:-Letus conipute correlation cosfficient using the Spearman rank formula of 1 -
{‘-'GZdZ }min* 1) using the given data. Data and other necessary steps were used,
and at the end 0.324 was obtained with the interpretation of weak relationship.
Now use another set of datato compute the same correlation coefficient? =
S2: As stated by T, the Spearman rank formula(r) = {1 - 63d” Mn(n® - 1), and
using .the same procédures of the teacher, the answer obtained was far lower than
1, and this contradict the assumption of -1<r< 1. = | o

T: You have applied the formula ‘wrongly ‘even though your tabulation was in
order, and.that was why you had a wrong answer. Remember I told you that the
formula was ~1 ~{ 6Xd**}/n(n®- 1) and not {1 - 63d” }/n(n® - 1) which you had

sHSed, 5 " ag B T e f it Rem® R 2 o
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S. Are they not the same notation or formula, sir? - ' .

T: No, thcy are not if you observe them carefully. [ -{ 62(12 }/n(n - (1) and 1=
6y Yn(n® - 1) states that minus every operation from ! and minus 6times sum
of squares of difference from 1 and divide the solution by n(n - 1), respectwcly
S,. O.K. That was how we missed the answer to the problem. ;

It is interesting to observe that what happened to leamers did occur to generality
of learners in -Mathematics. It is not only the answer that examiners are after
Iather the steps constltute parts of awarding marks s

Table 3: Mathematxcs achievement test scores for higher school leamers

Number |  Pre-test scores Post-test scores Difference &
- _ . © | of variance |
. Mean Std. Dev. Mean. Std, Dev. .| = 220 -

- 17 41.5 143 49.1. | - 2.06 .

Learners might understand the rudiment of problem in Mathemdtxcs but most of
the times do experience crisis in the application of the required. formula. Some
other Mathematical problems where formula abound like this constitute crises to
Nigcnan leamcrs in Mathematics. This and some others are critical crises in
Maﬂlcmaucs content-wise for learner to overcome, as shown in the pre—and—post-
test scnres :m 'I'able three above o ; o

Pedagogy in l\dathematu:s |

Fducation stakeholders should be mmdful of the Ianguage used in teacmng
Meanwhile, the process of teaching learner the concept of numbers via. the
.ianguage of the leamner should be used with care so that the learner does not
equate the learmng of language with the leaming of ‘numbers’. If learner is taught
concept of numbers in Yoruba, such as one —~ okan, two - eeji, three — eeta etc.
without much assoclatlon to concrete objects for mastering, the language skill in
leamer is increased to the detriment of ‘number’ concept formation. Many
leamers master the counnng from one to hundred off — handediv mthout

mcamngful reprcsentatxon

In conttast cffolfs shbuld be made on the real life situation of presenting concrete
and nion — harmful ob]ects such as one sweet, two balls, and three caps to the
learner. With these processes, the idea of numbers would have been registered in
the mind of the learner as against the mastery of vocabulary and language. After
this process the teacher should combine different objects in order to explain the
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concepts of numbers as earlier gained in the previous process. Here the teacher
can take one mango and one pencil, and ask the learner how many ob]ects are
available? This would further register-the idea of numbers into the mind of the
learner rather than mastery of vocabulary alone. The teachmg of numbcrs at the
early stage: of the learner should be accompamcd by the concrete ob_;ects SO that
the learner will, not confuse thc concept of leammg numbers w:th that of language
expemse-v.* : T y s & g Vo

The poor mtroductmn of four basxc: operatmns m Mathematlcs conshmtﬂs grcat
risk to the learner. Mathematics has four elementary opcratmns addition,

subtraction, . multiplication .and. division as earlier, menuoned _constituting
:_languages of the subject. T he method of mtroducmg these opcrancns 10 a learner
goes a long way in. the mastery and understandmg of Mathemahcs, In the
introduction. of the, concept of number, the: basic opf:ranon hkc addltmn should
be. mtroduced to the child through.an activity — oriented system mstead of in
abstract form. Whenever afoundation concept has not been fuily, understood the
Ieammg of subsequent concepts is, problemam, and Ieads the leamer to fmstmnon
and .aversion. for Mathematics. For instance, a teacher rmght want to. teach thc
‘concept. of addltlon to learner WIthout accomphshmg success, if he applmchcs it
through a wrong step. It is true that the learner has understood the concept of
-numbers but the operation that exists between two or more numbers has to be
clarified through close association and not through abstraction. The learner could
-be confused if given a simple problem of 8 + 5 =7 as a result of his mental and
.chmnologlcal ages. .What he undcrstands are. concepts of 8 and 5, and. noﬂnng
more except clearer enwronmentai 1nd1ces are used:. In ﬂns case, thc leamer oould
be. asked. the addition (+) of 8. sweets and another - sweets whmh gcncratcs the
correct answer of 1ic] sweets ST YT T W LS I P

.:Slmxlarly, the tea,chmg of subtraptxon ( ) needs to be assomated w1th ohjects
familiar to the child or else he loses focus. It is 1mperanve for teachers to
associate problem solving skill with the immediate activity sun*oundmg the child,
unlike merely, writing.on_ the chalkboard 8 — 5 =? which confuses the. leamner?
Alternatively, learner could be taught that 8. sweets less 5 sweels (1-c 8 sweets + 5
- sweeis) gives 3 sweets. This approach makes the learner develop a kcen mter&f-t m |

Mathematics ‘which enhances and affects the educatlon of the lcamcr pomﬁ i

TIn multlphcatlon ;t is wmng to su thc leamer down to chant mulnphcauun table
_off ~ handedly; rather the concept could be mu'oduced thmugh 3 '
method that enhances the learning eperatmn Take for instance the. pm‘ lem

80



3-=? could make learner develop cold feet at a'start. A good teacher could bail the
learner out' of the predicament in thé same manner 4s that of addition and
subtraction. The approach could be from the right to the leff or vice — versa. Heré
the teacher could get bottle-tops or. $tones or ise ‘matches'to be arranged in bundle
of eights into three places and ask the learner to cotint altogether Alternatweiy,
the learner could be ‘asked to count three bottle tops in eight places, thereafter
combine altogethcr and be asked about the total instead of 8 x 3 = ? Through this
method, a viable result is obtained i in the practlcal approach rather than elaborate
'asmgnments gwen to the loamer RS R e

The last ar;thmetlc operatlon (dmszon) seems t0 be complox sfor ‘the
ﬁnderstandmg of the learner’ through abstraction, cxcept through 3~ practical
“approach uséd in multiphcatlon Tt“is erroneous and time consuming for' the
teacher to write different: exercises’ on " the ‘division of numbers- without' closé
association. Learnérs could be confused with the probleiit 8+ 4 = 7 Instead, the
practlczil approach of shanng 8 sweets” among four people cou]d be ued, so that
the questioti of- how many sweets each ‘person gets would be understood by the
leamer ‘A Slow learner would distribute the sweets orie by one t6 ‘the four people
until hé exhausts the whole sweets while the Fast Ieamer glves each person two
sweets so that all the four people shared 8 sweets ' A Lo

"'Mcanwhlle the rever51b1hty of these concepts should be taught with care so that
the erroneots 1mpres31on of ImPOSSIbﬂltlES is riled + out as the case 'of 5= 8 =7
Learner ‘should be’ made to see transactional s1tuation in a'classroom like if John |
‘owes Janet 8 kobo'but gives 5 kobo to Janet, then how much does John owe Janet.
The learnér knows that it remains’ ‘negative three kobo. This approach ‘thakes ‘it
clear to leamer that nothing is ‘impossible’ rather than carrying it to-the higher
level. The reversibility of operatxon and discussion of numbers should take
cogmzance of "the” mental and chronological ago of the ioarner or else the
*foundatlon of maﬂlemam:s is destroyed ’ 3 = ‘ o

At ttmes sole dependence on memory work of the anthmetlc system constitufes
crisis to the learner. The Learner is often at the cross roads of the application of
some concepts of ‘metric - anthmenc tables which* he could chant from 'the
begmmng to the end, but a slight asymptotic situation cieates a problem théreafter
increasing a fear in the learner to learn mathomahcs For instance, a learner could
‘Tedite ‘as follows: Linéar measures — IOmm = fcm, 10cm = 1dm, 10dm = I'm and
100m = Ikm. Mass and weight measures — 10mg = icg, 10cg = 1dg, IOdg = Ig,

- 1000g = Ikg and 1000kg = ltons while in cubic measures — 1000 cubic im'=1
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cubic cm 1000 cubic cm = 1 cubic dm, 1000 cubzc dm = 1 Cubic'm and 1 cubxc |
dim = lm)’lltro These concepts are often taught via mcmory work w1thout any
close association to the objects iti ordér to make meaning to the learner. The irony
of the toachmg and leammg arises whenever the learner is faced with a related
problem in those arcas, but found that he could not make any headway ThlS
creates a negatlve attitude that affocts the learner in life. In some cases, whereby
the learner is asked to start from midway, say. 10dm = ? but due fo starting point
already omitted 4s a result of heavy themory work, lcarner the develops cold feet.
This constitutes a crisis to the learner in Mathematics. In this case, the teacher
should make use of appropriate teaching aids like meter rule, measuring tapes to
speczfy the equwalence of these quantmes for the learner mstcad rnakmg thcm

The cxtent of practlce: of the leamor m Mathematlcs determmos the numb_er of
text matenals and the different problems encountered, thus enriching his
knowledge and dwcrmfmg his approaches to tackle future prob]ems The
learner’s lack of rehearsal pnnmple in Mathematics reduces problem solvmg skilly
which constitutes crisis in Mathematics. What detennmes the learper’s practlce of
Mathematlcs varies from one leamner to the other, but in general, some of these
mclude gender and atutude (mtemal and extemal) towards mathematxcs

Meanwhﬂe the teacher should explore the use of different tegchmg mothods to
facilitate leammg Accordmg to Olaoye (2005} ‘there' seems to be no specific
method of teaching that is superior to the other, rather, the amalgamatlon of these
methods constitute a better strategy to enhance leammg Teachers should
d:lver31fy ‘thclr methodology to suite the leamer topic, time and the environment
under: which_ leammg takes place Once a learner declares hatred towards
Maﬂiemattcs it might take a professmnally trained counselor donkey years to
d1sabusc h1s mmd o

As an activzty-onented subject the quantltles and qualmes of textbooks in
Mathematics affect the learner, and at times constitute crisis. At the pre and
pnmary levels of educatlon Mathemahcq learning is “often taught through the
play-way method ‘and as such should feature the avaﬂable text books at these
levels in order to fascmate the learner’s interest. It is recommended that the use of.
colours, shapos and famﬂlar teachmg aids wh1ch are not harmful to the learner_
should be explored by the teachers. The arrangement of the topics. should take
cognizance of the learner’s ablhty to comprehend and not based on assumption A'-
contextual arrangement should follow from the known to the unknown wzth
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different examples and explanations. When a learner is acquainted with known /
smlple concepts, then an extrapolative study can be built on the known concept
otherwxse 1t would be d1fflcu1t to 1ay sohd Mathematics foundation for the leamer

In' summary crisis in Mathemaﬂcs among ngerian learners are multl dxmenslonal
'though classrﬁed into content and pedagogcal aspects w:th 1anguage of
Mathemancs playmg an 1rnportant role. Concerted efforts must be made to help
learners overcome the crises that arxse 1f the tempo of deveiopmg sc1ence and
technology is to be sustamed | | | e
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