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PRODUCTIVITY ‘TRENDS 1i PUBLIC SECTOR ENTERPRISES

The first part of our study refers to the analysis of trends
in growth of productivity of PSEs. For this purpose, we
first give a definition of productivity, as used in the study.

Definition of Productivitys

Although productivity has been traditionally defined as ratio
of outputs to inputs, there is considerable controversy on
appropriate methods of counting outputs and inputs, The con-
cept of productivity encompasses aspects relating to effi-
ciency and effectiveness of the enterprise, Particular care
therefore needs to be exercised in counting outputs, Several
errors may commonly be made in this context, namely =

1.  Counting outputs in a manner not related to goals
2 Counting outputs in a manner not related to inputs
3. Sub-optimisation

4, Overly simplistic measures of outputs.

De Use of productivity indices which are not related to

improvement,

In addition, there are the problems of ‘measuring outputs

whose characteristics change over time, defining and measuring
capital inputs, aggregating heterogenous outputs and inputs,
Thus, it is somewhat difficult to evolve one best index of
productivity. However, the problem is evidently not as
‘intriguing for a manufacturing organization as it can be for a
service organization, because of difficulty in quantifying
service quality. Several authors have in the past attempted
enterprise level definitions of aggregate productivity index,
In some way, they seek to convert the aggregate outputs and
inputs into appropriate money value, In the case of PShks, an
enterprise is usually set up with specific pre-determined
objectives, andthe outputs are necessarily related to these,
This facilitates task of quantifying productivity. For the .
purpose of our study, we define productivity by the followihg
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ratioc

PR - _Value of Sgles
Cost of Sales

Although consideration of sales as outputs of an enterprise

1s debatable, nevertheless they reflect cumulative outcome

of the total management of all activities of the enterprise
including marketing. Cost of sales includes cost af all
inputs such as labour, materials, goods and services, capital,
depreciation,_energy, cxcise duty, and any other inputs,

Taxes on profits will not be considered as input.

. & charaeteristic feature of the growth of Public Seactor,
is that new enterprises g0 into operation, every yeary fairly
regularly, Thus, the number of running enterprises under
Central Government with or without direct responsibility for
their management was around fifty during 69-66., These have
gradually increased to over hundred and Tifty in 76+77, _
Overall producitivity of an industry or the public sector as
a whole, is undeniably irfluenced by generally low productiw
vities of enterprise during initial years of operation,

- Question arises whether evaluation of productivity growth
should exclude such enterprises; It nceds to be recognized
that ability of the publlie sector to generate sizeable
surpluses for economy, is in the ultimate analysis, linked
up with its total performance and not merely the perfarmance
of on~going units alone, 1In addition, in a developing
economy, new enterprises becoming operational every yeary
whether manufacturing or service typey must be viewed as ' a
continuing phenomenon, At least, this 1is a feature of the
planned growth of the country s public sector. In our view,
therefore, a rational analysis of public seetor productivity
trends should be based appropriately on all the running units
during a particular year, without exclusion of new units
going operational,

With the above considerations.and use of productivity
formula stated above, we computed the PRs for various )
enterprises, for the year 1965-66 to 1976=77. Thus the study
period chosen is the period since inception of Bureau of
Public Enterprises to the latest available annual report on
the working of industrial and commercial undertakings, It is.
noteworthy that number of enterprises considared in our study,:
have steadily increased from fifty two in 65«66 to 143 .in 76«7
Details of productivity ratios are given in Appendix 1,

The classification of enterprises is in accordance with the
current industry ETOUpS ¢



Model for Trend iAnalysis:

In analysing productivity trends in PSks, apart from their
quantitative assessment, certain hypotheses concerning
productivity acquire relevance, and we thought it necessary
to test for the statistical validity of these. Specifically,
we propose to test _

1. Whether the productivity trends within industry are
significantly different from industry to industry.

2. Wnether there is significant difference in productivity
between industries that is not linearly explained by the
trend,

3. Whether the slope of productivity trend between imlustries
is significantly different from the common slope of
productivity trends within industries.

4, Whether there is any departure from one overall tfénd.

In summarys the hypotheses broadly related to the two principal
aspects of productivity namely (i) egualily of mean producti-
vity in different industries, (ii) equality of productivity
trends in different incdustries. ©Statistical model chosen
‘for the analysis would have to achieve the twin purpose of
(1) quantitative assessment of productiivity trends and (ii)
test the statistical validity of hypothesis enunciated above,
While analysis of variance conventionally tests hypothesis
concerning equality of multiple sample means; analysis of
Tegression, on the other hand, apart from trend assessment
can ftest for the equality of trend slopes. The statistical
technique which reconciles the features of both the above
separate, widely applicable procedures, is the analysis of
covariance (ANACOVA), It is therefore ideally suited to the
situation stated abocve., Some of the important advantages
offered by ANACOVA, are

i. Increased precision in randomised experiments

ii, Adjustment for sources of bias in observaticnal
studies :

iii, .Throw light on the nature of treatment effects in
' randomised experiments ‘ :

iv, Study regressions in multiple classifications.



The specific model of ANACOVA which we adepted for the present
study is the generalized version of model for comparison of
slopes, given by

Ty 5 ="4+'¢j + By (ﬁj - %) + By Xy g = ij) + 33CK13 - ij)+ By
Yij = Productivity of industry j, enterprise i,

A4 = Mean overall productivity

¢j = Productivity differential pertinent to industry j,

adjusted for values of X, :

Bm = Blope of productivity trend between industries.

p, = Slope of prodﬁctivity trend within industries,

Qj = Siope differential peculiar to industry J.

Eij = Random, normally distributed variable with zero megn
X3y = Year under consideration, for enterprise i, industry

J.

The expressions for the unbiased c6timates of the various
parameters of the model are given in Appendix 2. The latter
"also provides necessary computational details and the ANACOVA
" table for testing hypotheses enumerated earliier. . The actual
values of parameter estimates obtained from the model are
displayed in Exhibit 1, Reviewing the hypotheses tests per-
formed, we draw following conclusionsi

1. The within industry productivity trends do not differ
significantly from industry to industry. .

2 There'ié significant difference in productivity between
imustries that is not linearly explained by the producti-
vity trend. ‘

3. There is significant difference between the common slope
of productivity within industry (B,) and the slope of

productivity trend between industries (Bm).
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%, There is also a significant departure from single overall
: trend. The above results imrly that while. slopes of .
productivity trends within industry are not significantly
different from industry to industry, the mean producti=
vities are significantly different for different
- irdustries.,

Reviewing the actual values of parameter estimates for
Cvarious industries derived from the mcdel, it is readily
noticeable that productiviiy trends are actually negative for
several industries namely minerals and metals (other than
coal), chemicals and pharmaceuticals, transportatidn equip=-
ment, agro-based enterprises, water transportation services,
tourist services, financial services, and undertakings withouf
direct responsibility for management., If we rate the remain-
ing industries in the decreasing order of growth rate of
productivity, the following rankings emerge 1, Section 2%

~ companies., 2, heavy engineering, 3, industrisl develop=-
ment and teechnical consultantancy services, %. trading and
marketing services, 5. coal, 6, contracts and construction
services, 7. petroleum, 8., steel, 9. small industries develop-
ment, 10, medium and light engineering, 11, consumer goods,
12, air transportation servides, The industry groups of
section=25 companies and heavy engineering have registered,
relatively speaking, highest positive growth rates WwWhile
financial services have registered highest negative growth
rate. :

The generally low growth rates and low overall producti-

vity levels anly marginally above unity, suggest little,
if any possibility of public sector contributing sizeable
surpluses to the economy, from higher productivity. Another
disconcerting feature is that, most of the industries with
relatively higher average productivity levels are actually
characterised by negative growth rates. To a certain extent,
the generally low productivity levels could be attributed
to the low productivity of enterprises during their initial
stages of operation, From the productivity data, we removed
certain productivity values which were in the nature of

outliers . In all out of the 1217 original productivity
values, we classified 32 as outliers and eliminated them from
consideration. Though majority of outliers were low values
of productivity, these also included some. very high values
observed in the case of some enterpriseg.

With outlisrs removed, the ANACCVA model for comparison
of slopes was refitted to the remaining data, Computational
details of parameter estimates and corresponding hypothesis



test are givel in Appendix 2, Exhibit 2 gives the estimated
- values of model parameters using revised data. The new
hypothesis test produced following resultss

1. Productivity trends within industry are not significantly

' different for different industries at 0.01 level of
significance.

2 There is Significanf difference in productivity between

industries that is not linearly explained by the trend.

3. There is n¢  significant difference in the slope of
productivity trend between industries and the common
_slope of the trend withih industiy.

4, There is significant departure from single overall trend,

The tests again demongtrate that while difference in producti-
-vity trends within industry are not statistically significant
-for different industries, the differences_in mean producti-
vities are Statistically significant, . Hotever, with' the
removal of outliers, the null hypothesis $vhecetning the slope
of between indust?y trend and the common slope of within
1ndustry trend is upheld. The study with outliers removed

in a way helped to confirm the previous results concerning
hypothesis tests for means and slopes of productivity trends.

In summarys the ANACOVA model resulteé, among other th&ngs
in the follow1ng

1. Quantitatlve estimation of product1v1ty trends for
various industry groups, .

2e Rejection of null h pothe31s concerning mean adjusted
) productlvitlos (MAP) of different industry groups.

3. - Acceptance of null hypothesis concerning the w1th1n
' 1ndustry productivity trends (WIPT).

Consequent upon above findings, we believed it was worthwhile
to identify industries which were causing rejection of the
null hypothesis concerning equality of MaAP. In .particular

it appearud meaningful to ascertain, as indeed we suspectea
whether only a few industry groups were responsible for the
rejection of null hypothesis, For this purpose, we resorted
to Scheffe’s scheme of linear contrasts,



In this scheme, a linear contrast Ly is defined, say in the
‘following manners

K K
L = Z Cj/uu with 2 C, =0
=Y =1

]

total number of industries (in the present case)
considered for the contrast,

Where K

AAj = Mean adjusted productivity (MAP) of industry j.

An estimate of this contrast is given by’

Te 3o -, &%
. Hj:“-l j[Yj"Bm j"‘ )]

; AN
If we denote'byfﬁ-g, the estimate of variance of deviations
of produectivity within industries from common trend (Ba), the
estimate of variance of L can be given as

K
2 _ 2 2

K = 5.2
& 2 of/my v 3oy (- D17 5y}

d j=1
Here Exx is the quantity = defined in Appendix 2 and

2

(;;1-.2 = (EW- %—;‘}x—;)m-r{-l,

The_terms Eyy and axy are defined in Appendix 2, and N is the

total number of productivity observations, The 100 (1 = q)
per cent confidence interval for the linear contrast L, is
given by :

(g

+ Sa (K—l) F
- L 4 a’ Kel, N-K~l



Actual use of the scheme of linear contrasts involves
comparison of two means at a time and check if the confidence
interval for the corresponding linear contrast defined
ineludes zero, In the case under consideration, since there
were twenty industry groups, the number of linear contrasts
totalled one hundred and ninety. A sample calculation to
illustrate the scheme is given in Appendix 2. If the '
confidence interval of a contrast includes zero, we conclude
- that the corresponding industry means being compared are
equal. This scheme was uged over all the hundred and ninety
comparisons, The results are summarised in Appendix 2, Some
interesting inferences could be made. It was established
that MAP for financial services group was not equal to the
MAP for any other group. Also, MAP for consumer goods
industry was not egqual to two industry groupss namely petro-
leum and Central Government undertakings without direct
responsibility for management. Thus, out of one hundred and
ninety comparisons of meanss significant differences were
observed in the c¢ase of twenty one comparisons and these
~‘could ‘be primarily attributed to only two industry groups
viz, financial services and consumer goods. While financial
services recorded the highest value of MAP, consumer goods
had the lowest corresponding value. It could therefore
be coneluded that rejection of hypothesis concerning equality
of MAP for all industry groups was mainly due to high MAP
for financial services group and low MAP for consumer goods.



Exhibit 1

Values of Parameters Using Analysis of Covariance Model

A ) A o~
M= 1,0267 By = 0.0950 B, = 0.00675
- A A A é; ad justed
: - + mean
Name of Industry Group ¢j 03 B‘ 3 /~L+ ¢j
1, Steel %0,156% 0.00%L3 0,00805 0,8702
2, Minerals and Metals . .
other than coal -0,0633 -0,0107 =0,00395 0 9634
&._Coal o -0,1721 0.015 0.,02175 0.3
4, Petroleum .- 0,1038 0,0026 0,00935 1, 1305
"5 Chemicals and Pharmaceuti- _

- ecals: 0.0343 -0,0105 -0.00375 1.0610
6. Heavy Engineering -0,1820 0.0289 0.03565 0. 8447
7. Medium and Light Engg. -0,003% "~ 0,0001  0,00685 1. 0233‘
8. Transporation Equipment 0.,0391  ~0,0138 -0,00705 1,065
9. Consumer goods -0,0252 -Q, 0007  0,00605 .7835

10. Agrobased Enterprises ~0,0262 «0,0209 -0, 01415- 1,0015
11, Trading and Marketing ' o
' Services 0.,0392 0.,0162 0,02295 1.0659
12, Transportation Services :

= Air 0.0556 -0,006% 0,00025 1,6823
13, Transportation Services - ‘

- Water 0.1462 -0,0251 0,01836 1.1729
4+, Contracts and Construction |

Services 0.0344 0.0118 0,01855% 1,0611
15, Ind. Devpt. and Tech. . - L ,

Consultancy Services -0, 0666 0,0208 0,02755 0.9601
16, Devpt. of Small Industries=0,0636 0,0012 0,00795 = 0,963l
17, Tourist Servieces ©0,1229 ~0,0201 «~0,0133%5 1,1496
18, Mnancial Services 0,7600 ~0,069 ~0,06225 1.7867
19, Section 25 Companies " =0,0037 0,0292 0.03595  1.,0230
208, Undertakings without
| direct respohsibility 0.0936 -0,0120 =0,00525  1,1203
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Values of Parameters Using Analysis of Covariance Model

(with Outliers Removed)

”~ -~ A .
A= 1.017 B, = 0,015 , = 0.0043
n “ N A adjgsted
I o mea.
J Name of Industry Group ¢ 2y ; Ba_+'5ﬁ oy
J
1, Steel 0.0725 0,0037 0.007 1,0895
2, Minerals and Metals other than : .
coal 00,0040 -0,0043 0.0000 1.0210
3. Coal -0,1631 0,017% 0,0217 Q,.8539
4, Petroleum 0.,160C¢ 0,0050 0.0093 1,1770
5. Chemicals and Pharmaceuticals 00,1710 -0,0041 0,0002 1,1880
6, Heavy Engineering §.13%1 ~0,0039 0.000%.  0,8829
7. Medium and Light BEngineering «-0,017% -0.0042 0,0001 1.034%9
8. Transporation Equipment 0.0C53 ~0.011% -0,0CFl 1.022
G. Consumer Goods -0,1912 -0,0012 0. 0031 0.825
L0. Agrobased Enterprises 0,0388 -0,0185 -0,0142 1.0558
11. Trading and Marketing Services 0.0188 -0,0050 -0,0009 1.0%58
12, Transporkation services - Air -0,0708 -0,0041 0,.,0002 1,087
13. Transportation services-Water 0.0993 =0.0227  ~0,018% 1.116
14, Contracts and Construction
Services ~0,0861 =0,0142 ~0,0099 0.9309
15. Ind. Devpt, and Tech,
Consultancy Services 0.0914 ¢,.0127 0,0170 1,184
16, Devpt. of Small Industries -0,04%72 0,0036 0.0079 €.9693
17. Tourist Services 0.0387 ~0.0177 =~0.01L34 1,0557
18, Financial Gervices 0,084 -0,0242 -0 ,.0199 1.111%
19, Section-25 Companies 0,000% ~0.00G3C G.0013 1.017%
20, Undertakings without direct
respensibility 0,0717 «0,0111 1.0887
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Rppendix 4

Valyes nf Productiwgty for Various Enterprises 196§-66 to 1975=77

7

0%?538

1.0072

Enterprise 1965-66 1966-67 1967~68 1968~69 1959~70 1970-71 1971~72 1972-73 1973=74 19775 1975-76 197677

STEEL : '

Hindustan Steel $.0086 0.9226 A.8685 98,8984 0,9722 1.8650 P.8961 8,9560 1,0068  1.,0508  1,0877  1.0840

Rokaro Steal - - - - - - ~  D.6402  0,7749  M.8440  1.6093  1.0633

SAIL - - - - - - -  1.TDD 1,00 1.0 1.0 1.0946

1I1SCO _ - - - - - - - - - ~  0.9524  0.5085

MINERALS AND METALS

(OTHER THAN CGAL)

Bharat Al.Co. - - - - - - - ~  0,1045  C,3606 0,7486 0,747

Bharet Goal flines - - - - - - ~ 049145  C,7206  0.8194 0,7412  0,8848

Bharat Refractories - - - - - - - ~ 0,571 0.8571 01,8533 0.68333

Aolani Ores 0.9708  0.9808  1.0215  1.1172  1.0556  1.0767 1.0172  1,0173  1,0182 0.8800 D.8871 0,8889

Hindustan Copper ' - - - - - - = 11545 1,1720 1,0843 09,9426  1.,0249

Hindustan Zinc = 1,1873  1,0066 0,9456 0,774 0,7946  0.9502 14,0197  4.4904  1.719%  1.5644  0,9016

Indian Rare Earths 1.2020  1,3485  1,3558  1.2044 441931 142555 142724 141483 1.2480 1.5561 1.7566  1.6926
Indian Firbricks and ' ' |
Insulation - - - - - - - - - - 0.0175 0,B693

- NMDG - 0.9501 0.8931 0,9310 0.9839  0,9033 0,8166  0.9251 141331  1.0827 1,032  0.9338
Pyrites, Phospates and | '
Chemicals - - - 0L7431  0,7010 0,7475 0.5610  0,9647  D.8025  1,9022 0,3834  1.,0232

| Uranium Corparation - ' o o
of India - - ~— 047158  0.9585  1,1439 1,200 1.0518 1,027 1.0243  0,9055 0.9170
Bharat Ooking Coal - - - - - - - ©£.,9369 00,8352 - -~  0.8782

' Central Ccal field - - - - - - - - - - ~  1.0099 .

“Coal India Ltd, - - - - - - - - ~ 0.8685 0,9504 0,8095

Eastern Coal Fields - - - - - - - - - - ~  C.8754

Wastern Coal Fields - - - - - - - - - - - 0,9867

Nétional Coal Development .

Tarmawation 1.0079  0.8542  0.9473 11,0181 1,007 0.9272  0.876  0,9588 0,879 - - &
A Lignite B o A
sretion 049987 D.6446 048182 0,9303  0,9431  0.5031 0.5643  0.6268 046241 0.7412 0:9222  4.2199
. Mining Authority - - - - - - - 0.9001 1,084 . - ﬁ

, ROLEUK, B |
irat Petraleun - - - - - - - - - - - 1.010¢
‘ltex 0l Refinery - - - - - - - - - - - 1.0045

Luzain Refinerics - —  1.0453 1,088 1,0668  1.0716  1.,0453  1.0120  1.0005  0.9597 1.0218  1,0096

Fincustan Fotrooloum - - - - - - - - - 11,0178 4,0071 1.0152

Hydrooarhbons India - - - - - - - - - 2,4794  2.5605 22,3079

~ndian Gil Blonding - - - - - - - - - 1.2282 1.1835 1,3945

Indian 0il Corporation 140046 140275 1.0257  1.0363  1,.G332 140224 1.0447  1.0668  1.0277 10273 1.0224  1.0415

Inad~Burma Petroleum - - - - = 10248 1.0214  1,0223  1.0248  1.0172  1.0114  1.0064

tubrizol India - -~ ~ 141228 1,0984 1.1551  1.1978 142152 1.1947  1.3346  1.2155 142367

Madras Refinerios - - - ~  D.8784 1,1206  1.0656 1.1059  1.,0496 140115  1.0229  1.0211

bil and MNatural Gas | '

Commission 121235 1.6381  1,5702  1.5914  1,3772 143072 13251 141594  1,4296  1.5555  1,2043  1,2385

Endian 0il Internatienal - - - - - 141687 1,200  1.2308 - - - -

PHEMICALS & SHARMA— |

2EUTICALS ‘

gment Corporation of "
fdig- o - - - - - 0.7922  1.0080 Q.8553 0,720 0.9744  1.0241  0,9590
Brtilizor & Chemicals (T} 0.8574 1,042 049987 1.0292 0,038  0,0428 0,8981 0,9075 0,5225 0.9477 0.6384  0.8257
ertilizer Corporation e _ i :

+India Ltd, > 1J0118 1038  1.0507 1.0949 1.0181 1,002 0.9682  0.9955 0.8768 0,B693



APPENDIX 1 {Contdeses)

12

Enterprise 1965~66 1966-67 1967=-68 1968-63 1969-70 1970-71  1971-72 1972-73 1973~74 1974-75 1975~76 1976=77
Hindustan Antibiotics 143792 1.3342  1.2292  1.2206  1.1698  1.0853  1.040  1,0314 .0.8441 0.6704 0,7639 O;9§25
Hindustan Insectisides 143282 143042 142115 14133 1.0326  1,058% 71,1092 1,0372  1.0832 141166 1.1588  1.1063
Hindustan Salts 0.,7795  0,7393 0,904  0,7271 0.8814  0.5930 1.0 1415 140556  1.1795  1.6667 1.1795
Hindustan Organic _
Chemicals - - - ~- 1403 161212 00,9565 1.0 102269 1,3189  1,2148  1,2095
Indien Dnuga$& i
Pharmaosuticals -~  0.,0718  0.0377 0,0979 0,3423 0.6332  0,8275 0,8830 0,9383 140574 1.0646 1.0628
wIndian Petrochemicals ‘ :
Corporation - - - - - - - -~ 0,58496 1.415 1.6414  1,4842
Madras Fertilizers - - - - - ~  0.882% 0,9943  1.0653  1.0754 1.0264  1.0%69
Sambhar Salts 104907  1.,9349  4.5753  1.2293  1,2835  0.09027  1.2200  1,5686 - 145769  1.5439  1.2410 046400
CAPITAL GOODS HEAVY ‘ ' |
ENGINEERING
Bharat Heavy Electricals - 0,0301 0,5932 0,8656 049967 1.0263  1.0794  1.1301 14199  1.2152  1.1847  1.1452
Bharat Heavy Plates and ‘ )
Vessels - - - - 0.0214 D.1320  0,3072 0.8022 0.9292 OC.gggg 0.5462 0,9745
Hraithwaite - - - - - - - - - ‘ - D.4437 0.8316
Bridge & Roof - - - - - - ‘= 1,0038 1.0033  0,5957 0,5032 14,0103
Burn Standard - - - - - - - — - - (.,8500 00,8983
Heavy Enginsering ~ 043485 042115 D0.4200 0.5012 0.6363  0,6574 0,7233  0,8351 . 0.9240 1.0336 1.0449
Jessop 0,9877 1.0625 1,0775 0.9351 0.8948 048254  0,5927 0,7975 0,849 1.0238  1,0032 0.9994
mirjsing & Allied |
Machinery Corporation - ~  0.1126 041574 0.2249 0,4195  0.6847  1.G445  1.0243  0,9920  1,0144 1.0126
Triuehi Structurals - - - 00309 G.4218 0.5633° 00,7661 0,.,8382 049244 0.8514 11,0334 11,0076
Tunghbhadra Stgel .
Products 101119 145511 145559  1.1365  1.0501  1.0543  1,0588  1.046 142609  1,0350  1.0806 1.0829
Heavy .Electricals 0.5240 0,6067 0.7230 0.8280 0,6032 0.8137  1.0294 - - - - -
MEDIUM & LIGHT ENGINEERING |
Balmer Lawrie - - - - - - _ = 1.0272  0.8561  1.,0256 1,0219 1,0344
Bharat dynamics - - = - - = DJ7273 141358 1,0786  1,1013  1,0253  1;0129
Bharat clsctronics 101871  1.2852  1.2488  1.21 121994 142556  1.2744 151967  1.1861 144318 1.1007  1.1235
Bharat Pumps & Compressors - - - - - - - ~  Du5211  0.5969  0.,9192  0.8239
8iccao Laurie - - - - - - - 1.014  '1.0225 0.9136 0,9737 0,9203
Centfal Electronie - - - - - - - - - - - 04,1463
.Electronic Corporation .
of India - ~  0.2632 044716 048431  1,0835  1,2900 1.4857  1.1893 1,100  1.0766 1.0561
Hindustan Cables 0.9566  1.0375 140657 441117 140251 - 1,0162  0;9836  1,0357  1.,0851 1.0562  1.0763  1,1184
Hindustan M/c. Tools 141185 140015  0.9569  0,9735 ~ 0,9514 1,0026  1;0338  1.0072  1.0231  1.0894  1.1115  1.1010
jfunduStan Teleprinters 141171 048162 146579 146762  1.8028 . 1.5588  1.9371 14775  1.4191  1,1917  1.2809  1.3768
Indian Telephone . B 7 - o N
_ndustries 141878 142087  1.2324  1,2088 = 1,1792  1.1880 142422 1.1378  1.1550  1.1573  1.1070  1.1333
Instrumentation - - - 0,4481 0,757 13828 41,2154  1.3024  1.0313  1.0216  1.0643 _ 101283
N-ticnal Instrumonts 1.0277 049487 0.6612  0,3840  0,2891  0,2997  0.6625 0,747  1,0808  1,0195 1,0102 0.8412
ag Tools 0.9835 0,08340 0.9263 0,0737 0.7262 0,8948  0,6605 0.6786 0,8607 0,9556 0,9930  1,0934
Richardsen = Orucdas - - - - - i - ~ 049852 1.0123  1,0250  1.0422
/e, Toolswﬁorporatioh
ot India - - - - ~  D.,1678  D0,4894 046329 0,7882 - - -
Thdustrial Containgrs - - - - ~ ' - -~  1.0684 1.0843 - - -
5tcel Containers - - - - - - - 41,0800 10953 - - -
TRAISPORTATION
EGUIPNENT o | | |
hharat Earth Movers 1.0634  1,0827 1,1837  1,1082 141498  1.2256  1.1600 141659 1,1201 1,1685 1.1350  1.1125
Central Inland Uater Lt |
Transport Corporation - ~  D.450%  0.5705 0.5531 0,6547 0,798  1,0045 0.6821 0.5966 0,5078  0.7352
Garden Reéach Ship ‘?'; - |
Builders & Engincers 141099 1,1094  1,1096 14,0998  1,1048 141174 140687 0,9410 049419  0.9313 41,0013  1,0122
Goa Shipyard - - 141927 1;§§§g 141353 141858 1,573 1.1028  1.0705  1.0930  1,0726 1,1116
Hindustan Acronautics 1.0766  1.0474  1.0328  1.0444% 1,0716 1.0713  4.0852  1,0594  1.1227  1.1125 1,0895  1.0869
Hindustan Shipyard 1.0000  1,0082  1.0015 10114 40052 1,0000 140498  1.0949  1.0324  1.0126  1,9260  1.1072
Mazagap Dack 1,0446 140529  4,0948  1.1183 14 1.0650  1,4437  1.0393  1.1480  1,0393  1.0728  1.1073
Scpoter India - - - - Cong L e - » D.2742 0.6660 f,.850¢




Enterpfises

196566 1966-67

197475

197677

T

1967-68 196860 1969-70 1970-71 1971=72 197273 197374 1975476

CONSUMER GOODS |

Bharat Opthalmic Glass - - - - - - 00,1048 0.,2740 0.3869 0.7678  0.5738
Hindustan Latex - - - - -~ 041195  1.0512 141702 1.1649 0,8866 0,7889 41,0980 1.1657
Hindustan Photo Films - = 043709 045227 0.6460 045501 0.6220 0,6360 04,7355 0.8929 1,0072 1.0480
Mandya National Paper

Mills : - - - - - - - -  1.08G3  1,2219 1.0699 0,8578
Modern Bakeries - ~ 046881 0.9975 0,9617 1.0216 1.1021  1,0931  1,1005 41,0905 1.0145 1.0330
Rehebilitation Industries '

Cérporation 161538  D0.6931 0.6730 0.5642 0.7160 0.5432 0.5828 0,5260 0,2682 0,3421 0.4338 0,4796
Tannery & Footwsar

National MNewprints &

Paper Mills 142111 141193 1.,156% 1.,0689 (,.B8340 0,8888 1.0159  1,0036 141259 41,0732 1,0939 1,0674
AGRO BASED ENTERPRISES

Jananna and Fruit

National Seeds

Corporation = 140801 1.0746 0.9075 1.0271 1.0005 1.0 141402  1.1744 1.2058  1,2058  1.0425
‘Stete Farms Corpn. - - - -  1.5840 17,0188 100246  1.0270  1,3986 1.,5166 0.9455 0,7864
PFRYICE ENTERPRISES — |

Cashew Cerpn, of India - - - - = 140682 140843 1,0964 1,1275 1.1365 1.1354 0,5588
Contrel Fishoriss Corpn, = 0.8194  0,7354 0.8023 0.7938 (0.6460  0,4800 0,7168 1,0105 0,8971 1.0541 0,7758
Lutton Corpn. of India - - - - - = 1.0109 140038  1,0447 1.0342  1.0535  1.0540
fenirel Warchouse Corpha 049328  1.0119  1,0976 142977 1.6375  1.3086 142238 1,3450  1,2978  1.2793  1.2876  1.3277
Elect.Trade & Tech, '

Development Corpn, - v - - - - - - - 1.0983 1.1000 10261
Foud Gerpn. of India 1.0008 -1,0123  1.0110 11,0020 1.0037 1.,0023 140011  1.0005 1.,0007 1,0014 1.C015  1,0011
HMT Internationsl - - — - - - - - - - 1470381 12178
Handiprafts & Handloom . ' ' ' : ' ‘

“xport  corporation ~ 0,9080 0.7392 0,9896 1.,0003  1.0083 0.9665  1,0136  1.0109  1.0091  1.,0225  1.0246
Indian Motion Pictures o .

Export Corporction - ~ 144255  1,6092 1,5181 1.5886 1.0 0s9167  D,3935  0:5385  0,5385 1.0
Jute Corpn. of India - - - - - - - 1,04 1:0177 140029 14,0173 1.0165
Metal Scrap TI"_}diﬂg Corpn, - - b bl - . - 140 1.3333 4,25 4,200 4,758
Mica Trading Corpn. - - - - - - - - - 1.0137 1.0014 1,0117
Minersls & Metals Trading , o : y

Corporation 120182 141157  1.0167 0.95952  1.,0139  1.0343 1.0620 1.0455 14,0815  1,0625  1,0439  1,0648
BProjects & Equipment ' .
Corporation - - - - - - 1.0210  1.0239 41,0192 41,0130 41,0301 1,0588
State-Chemicals and

Pharmaceuticals Corpn. - - - - - - - - - - - 1.0529
;i:;L Internstional - - - - - - - - ~ 2,375  1.0237 1,0506
$date Trading Corporn, 1.0734 140462 1.0564  1.0775 14,0814  1.0299  1.0567 140339  1,0291  1,0238  1.,0149 1.0318
Tea Trading Corpn, - - - - - - - 00,1842  1,0787  1,0752  1.0365
JRANSPORTATION SERVICES s AIR S ‘
ALr India 1,0166 141008  1,0735  1.0626 11,0332 1.0113  0,9783  0.9903 1.0025  0,9359  1,0358  1.0749
Air India Chaiters - - - - S o D.9955 11,0008  0,9970 0,9971  1.0057 G,5957
Indian Airlines 140066 049029  0,9923  1.0442 1.5535; 0,9025 049229 14,0001 0,9841 1,0911  1.0798  1.2024
International Air Ports

of India- - - - - - - = 148633  1.5539 11,4054 1,5518  1,3138
TRANSPORTATION SERVICES

WATER : . _

Moghul Lines Ltd. - 141826 1,2331 101067 = 141161  %,1440 140302 140269 141277  1.0435 0,8901 0,8862
Sﬁipping Corporation of ‘ o | N A o : '

India 161240 142122 142265 141463 141259 © 141289 14,1271 141164 141374  1,2175  1.0512  1.0169
CONTRACTS & CONSTRUCTION ' -

SERVICES - o ,

Hindustan Housing Factory 1,1352 1.0532  1.0011 %4032 11365 101026 151340 1,0547  1,0046  0,7740  0,8741  0.8542
Hindustan Steel Works 143695 142271 1.0172 1,09 0ft2 10175 1iﬂ2?ﬁ 140277  1.0266 1,0218  1,0205  1.0209
Indian Road Const, R

Lorporation - - - - - - - = - 12220
National Building Conste e LT

Corporation 0.9454  0.9579  0,9701 0.9024  0.9286 09523 140254 140233 1,0193  1,0160  1,0721  1,0286

i

e —



APPEADIX 1 (Contd...)

14

1966m=567

1976~77

Enterprises 1965~06 1967=68 1968=68 19659=70 1070«~71 1971=72 1?72—73 1973=74 1974=75 1975-76-
National Prcjects .

Const. Corporaticn 1.0168 10309 D«9711  0.8824 0.8319 D,75885. 0.8532 1.,0084 1.0328 1.0503 10106 1.0
Lentral Road Transport

Corporation 0.4259 DeB191. ([,7912 0,7097 De8187 07831 Ua734 0.,5682 Ca5279 047368 - -
Mineral Exploration

Corporation - - - - - - ~ 04,6872 (048571 048132  0,8198  1.2220
INQQ?TRIAL DEVPT.

TECH.CGNBU&I.SERUICES

Engineering India Ltd, De2552 046681 144463 12831 143772 143333 1.1789 11144 141918 142210 11691 12417
Erogs Projects India - - - - -  0,0114 'O 1.0147  1,0087 1,0065 1.0056 1.0064
Metallargy Engg.

Consultants - - - - - - - «  0,7941 11121 1.1107 11050
ffutional Ind, Devpt,

Corporation 1.0529 10706 1.0078 1.0259 161747 141337 141378 11455 1.0685 10943 1e«1414 1.,0472
Rail India Tech & - '

Economic 8ervices - - - - - . - - - 0 1,0952 1,1935
Water & Power Owvitp, :

Consult, Services - - - ~— D41667 0,08 - 1.4 1.8 13636 12 1.53086 142371
DEVPT, OF SMALL INDUSTRIES

National Small Incl, Corpn. 0,8920 0,9574 0,9285 0.8669 0,9852 0,9473  0,5688 1,0535 0,9682 0,9200 1,0028 0,9482
Delhi Stete Ind.Dovt, - . 7

Corporation - - - - - - - 1401684 1,0283 1.0026 1.0032 1.0145
TUURIST SERVICES ‘ _

Hotl. Corpn. of India 1.2785 1.1816 143028 1.0862 - - - - 0,8963 0.9455 00,7575 045886
Hotel Janpath -  0,9355 0.,9760 0.8784 - - - - - - - -
indian Tourism Dovt, _ ‘ .

Cerporaticen - 10880 41,0172 140339 140466 1.075% 1.0372 1 .0559 1.0520 1.0642 1.0862  1,0808
FINANCIAL SERVICES ‘ '

Film Finance Corpn, - -~ 1.00 1,02 160332  1,0392 141667 141429  0.5455  1,0278  1.2278  1.,0303
Housing & Urban Devt. N m ' ) ‘

CUnSt. Ltd. l Lt - — - - - 1...8461 1.7400 1.5814 1.4295 0.5357 006099
Rural Elect. Corpn. - - - - 1&55101 4,7063 - 5,1944 J.7460 38010 248356 169757 16571
SECTION 25 COMPANIES ; '

Indian Dairly Corpn. - - - - — 1.Q289 = 049529 41,0870 10395 10404 1.0778 1 & 1288
-National Rascarch '

Pevt, Corporation 00,5576 047925 0.,7938 069650 Ge9133 12251 1.1923 1¢1515 1.0680 41,0882 131053 1,1
UNDERTAKING WITHOUT DIRECT ‘ o

RESP, FOR MOT |

Andrew Yule & Coy - - - - - - - - - - 1.0718  1,0892
British India Corpn. 1,0236  0,9992  0.0815 0,9652 1,0705 1.0972  1,1353  1,0661 1.0794 1,0038  1.0777  1,0407
Damodar UallgyCDrpn. 0,3693 10374 0,97685 0.,9713 049163 0;9175 0.,9618 09456 C.B303 0.9319 161237 12944
Indian Explosive Ltd, 163563 1.3739 143624 142292 142504 140014 141795 10791  1.0791  1.1590 1.1411  1.1624
M/p Ry; Mfg, Corpn. 141038 Ue911 0,5295 0,3519 10321 140511 0,7553 0.6900_ 1.0062 1.06C4 1.0468 1.0416
Manganese Org (India) 11833 163533 ° 1.2146 1.0158 10118 10360 1.0029 0,9083 (48611 1.016 11372 102384
fil India 142125 142018 145676 147425 1.5992 16435 " 146505 14714 167491 145676 1432008 1. 4588
Sikkim Mining Corpn. - - De2527 ~0,8209 1e2222 04526 D¢ 4167 0.8333 162727 0.8947 0.6667 1.0
Sindhu Rescttloment ' ‘ . " ' '
'ﬁorporaticn_ - - 128205 0,900 162679 14571 D.ﬁ182 1.000 1,000 1,000 1.0305 1.,0417
Singarcni Collicries 10395 .9861 09331 0.0793 De8446 01,9435 1.0309 1.0252 1.0030 1.0730 141235 0.9412
Uiéhwashmaréya Iron & ' : . :

Steel - - - - - Le 09162 1,0021  1.0071  1,0483 1,0659 0,9326
wagﬂns Ingin - - - - - - e - - - 140 1.0
Lube India - - - ~ 040015 141619 1.3655  1,1451 - - - -
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Appendix 2

In this appendix, we glve computational details of ANACOVA
model used for comparison of slopes and the scheme of linear
contrasts.

Tht_—z ANACOVA model used is

-

Y55 =/U’f}l{:1+ Bu(X4) * B (Kyy - X)) + é”j(“xij"xj} AT

The unbiased estimates of the various parameters are

. ",\' =
AL = f? Y/ = X
¢y T Yy By Ky =X
~ GEE[

Bm = C
XX
s 2
& Eex
"
5. = myi . Sxy
J Eyx s B

The quantities ny, Los Exy’ E o Erﬁ and Ex.xj are defined
in Bxhibit 1. The actual values for the model are shown in

Exhibit 2, Exhibit 3 is the ANACOVA table for hypothesis

testing,
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Exhlblt 1

Sums of Squgpes. Cross Products for One Way ANACOVA Different

Slop

Source of wvariagw

Sums of Squares Sums of Cross Sums of squares

tion for Y nroducts for X for X
S and Y _
' c2 cC . C 2
l._leferenaes =% _vi _ « = v %3 “yvi _ =&l .
betwegén Ory J n. Ky QXy % n. K&y Cxx 5 Ay Kx
oolumns J v J : 3
2. Differences o
i thi = - K . =% X. =% X
ol ] Byyats Tis m %y BTy Fagta ny;l By ™7 1575
3» Sum Gf &%ffer-—
ences within ] = 3 . = X . = ¥ E
¢olumns Byy i Bry g i ey g Bex j xx]
_ 2 S ) _
4, Total Syy= f :g,yij Ky sXY >:z XlJYij ny sxx E? xij 1&
where = (32 X4 ) /1, = (2% Y, ) /N
| K 3 K '
K, = (£X Yem = (2 )%/m.
35 Ml Ky BLy)/my
= (&2 X;4) (zz Y. )/N
ISW 13 ij ij
= (2X..) (ZY..)/n.
Ky PR AT M
.. = =X.. o = TY..
xJ ; 1] vl i 4]
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Exhibit 2

. 2
I o Byys Payl Eexy  PryiPxx 53 “xy5 %5
1. 0.2483 1.9983 249.6250 0.0160 22,0376 192.607% 1683.375
2. 7.&82 -3,3612 845,5596  0.013% 84.5676 663.2293 520104
a. 2.4158 8,6066 325;8750 0.1871 23,3123 203.,1397 1770.125
%, 6.8379 6.4181 687.9445 0.0599  101.190% 685,2222 4640.0&55
5. 74947 <4.5696 1207.6575 o.o%ag 115.7196 802.212? 3561.3 25
6, 4.7613 33.7650 946,404 1,204 61.2859 - 538.5548 4732.5955
7.10,1822 10,0892 1465.26 0,0695  141.8169 10 1.3723 7500;7352
8. 2.8077 -6.7178 99,2290  0.0475 8543386 g 1.,0165 3935.? 1
9. 6.2410 3.9237 653.8429 0.0235 4549238 38,2425 4131,1571
10, 1.392 -2.7332 19%,6250 0,03 g 27,2608 207.8253 158%.3750
11.41.1568 30,2824% 1321.,71%3  0.693 156.2982 1115.9877 7968.2857
12, 1.4557 “0,1048 392.7%29  0.0000 G1.4733 286.2898 1976.2571
13. 9,1852 24,6719 2544348 0.0858 28.1074% 171.a278 1044+,6652
1, 5.7753 14,1825 763,359%  0,2635 4.1113 3940675 2879.6406
15.-6.8190 13.1641 477,217% 0,363l 0102 362,001 2848,7826
16. 0,040l 1.3332 136.2353 0.0000 16,0221 124%,2639 -962.7647
17. 0,3043 =3. 288,3636 0,0515 23,6996 143.2313 865,636k
18.38.6447 -9.7913 157.333% 0.6093 79,1816 363.2758 1666,6666
19. 04672 7.,1350 198. gl6 0.2963 19,6434 143, 3673. 1646, 3684
20, 8.4t67 -7.4193 1405.5883  0.0392 136,7823 885.5671 57334117
Cyy = 2649995 Gy = 264986 Cyy = 278,385 Eiy/ﬁxg= 0,59146
K, =1282.7935 Ky = 9306.8106 K = 67521.959 05 /Crp 24514
Byy = 153.1587 5., =80.0905 Iy -13051.646 8 /5,y 0-984
Syy = 180,1582 By =11h,5491 8., T13330.031
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Exhibit 3
ANACOVA Table for Hypothesis Tests

Source of varia- Component of total sum d,f. MS
tion of squares
. > 2
Deviation from Q. = - /B N-2K 8° = Q_/(N=2K)
regressions with- - © Bry 3 ey 3/ P e e
in groups =  149,1185 | = 1177 = 0.1267
. ' 2 : 2 _
Differences Q, = Z ./ - K=-1 8¢ =q. /(K=-1)
between regre- &5 3 By 3/ Bex & %%
ssions within 5 = 19 = 0,1813
groups)‘ - Exy/Exx .
= 3.4k56
Deviations within : o
groups from common @ < E, + Qé NeK~l 5° = Qa/(N-K-l)
regression B, &
= 152,561 =1196 = 0.1276
“Deviations between 5 5 "
groups from linear Qg ~ - C../C K=2 8< = Qu/(K=2)
regression B g ory Xy xx ¢ p
‘ = 24 4848 = 18 = 1,3602
02 E‘i 82
Differences between Qu-, = ELE + 2L §§1 Si-a = Qg
B, and By “xx XX XX :
= 2,1249 1 = 2.1249
Common overall - a? 2 .
regression B, . 9 = Sxy/six 5o = %
= 0,984 1 = 0,984+

Total . Syy = 180.1582 N~-1=1216
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anothesis'Testsa

1. Hypothesls: Regression Slopes within industry do not

'Vary from industry to.industry i.e. Sj = 0
62
-%- = 1,309 -
Se_
Fooy (Vg = 19, ¥p = 1177) = 1.57 > 1.4309

Hence the null hypothesis is valid.

2, Hypothesis: There is no difference in productivity between
-‘industries that is not (linearly) explained by the regression

i.€. . = 0
e dJ

= 10.6599

U | W
LV

F0.05[V1.= 18, V, = 11961 = 1.6 < 10.6599

The null hypothesis 1s rejected.

3, Hypothegis: The common slope of regressidn of producti-

vity within industry is the same &8 the slope of regression

of productivity, between indusiries ic€e By - Bu = 0
2 2 .
Sm-a/sa = 16,6528

FO.05 (Vl =1y Vo F 1177) = 3.8% < 16.6528

We reject the null hypothesis,
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Y. There is no departure from one overall regression

=g |
(Q¢ + qg:sz_é)_/ 3 60425
S

Fo.05 (V1 = 38, V, = 1177)=< 1.45 < 6,2425

The null hypothesis 1is rejected.
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Exhibit Y

ANACOVA Table for Hypothesis Tests (outliers Removed)

Component of

Source of Variation . total sum of d.f. MS

— _ sguares -
Deviations from regreésions Q = 63.7989 1145 Si = 0.0557
within groups.
Differences between regressions 5
within groups Q = 1.8038 19 %5 = 0,0949
Deviations within groups Q, = 65,6027 116% Si = 0,056
from common Tregression B,
Dev1atlons between groups Qp = 9.5421 18 Sg = 0.5301
from linear regression P 7
Differences between B, and p, Gy, = 0.028% 1 52 _ =0.028%
Common overall regression B, Q, = 0,2615 1 Sg = 0,2615

Hypothesis Tests (with Outliers removed)

1. Hypothesis 3 53 = 0

2 2 _
Sy / 85 = 1.7038
FO_Oi(19, 1145) == 2 > 1.7038
The null hypothesis is not*rejected at 0,01 significance level,
2. Hypothesis 3 Qj =0
2 2 .
Fo 05 (18, 116%) = 1.7 < 9.4

The null hypothesis is rejected,



3. Hypothesis: ﬁm—- Ba = 0

2
S
gaa = 0.5
a
Fo,o5(ly 1145) = 3.84 > 0.5

The null hypothesis is accepted,

%, There is no depature from single overall regression

(Qe + Qrt Q_ /38 -
. = 2 543739
e
Fo.05(38s 1145) = 1.45 < 5.3739

-The null hyppothesis is rejected.

Sample Calculation for ;l he Method of Linear Contrasts:
Suppose our interest is to test if ~“q -~y = 0. /"'i and/‘g_

are the adjusted means of groups 1 and 3, respectively.

Hull Hypothesis: /"‘l - /V3° = U
Defil’le [clg 025 s s 0 as Czo:‘ = [19 O? '-19 09 [ A ENE B O]
;\ .
e /‘1 —/?; = 00,0156
A2 = 0,1276
* 8 = /EL1376 [0,0829 + 0.0001] = 0,096%
o, Kel, N-k-1 = F0.05, 19, 1197 =~ 199

5y D/,(K'l Fo,05, 19, 1197 ~ 0.096% /19 x 1.59 = 0.5
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The confidence interval of the contrast is
~0.5146 < /7 -/‘g < 0.54%06

Since this interval contains zeroy we conclude thag/zf and,ﬂg

are not significantly different.

Exhibit 5 - Summary of Results With Scheme of Linear

Contrasts.

l‘ ﬂiB ? /3-' ( j = .1’ 2’ sew9 17, 19, 20)

2. g # /w20

-3, All Other means are equal,



