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Estimating Economic Consequences in

Organizational Effectiveness Experiments

1. The Problem

A major thrust in current research on organizations is ex-

perimentation with new forms of work organization. The purpose of this

research is to increase organizational effectiveness in both the public

and private sectors. Two dimensions of organizational effectiveness

which have received most of the attention are productivity and

psychological outcomes from work. This paper examines methods to

evaluate changes in productivity from an organizational intervention.

Most new forms of work organization experiments assume that

changes can be brought about in economic dimensions such as productivity.

Increases in productivity are beneficial to management and lead to

gre...ter earning opportunities for the worker. The problem posed by this

assumption is how to determine whether productivity has increased.

A cursory review of the current literature on organizational

effectiveness will show that there is no substantial evidence to

document changes in produc tivity. Clearly there are a lot of claims.

Both consultants and managers have said that productivity in the ex-

perimental organizations has increased (cf. Glaser, 1975); however, the

validity of this information is questionable given the propensity of

people involved in a study to overestimate the results (Cordon, 1975).

“Substantial” evidence means that quality data is available over a 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ . .~~i:~~~~~
- - .~.—-— ~~~~~~~~~~~~~~~~~



~ —— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- -~~~~~~~ -~~~~~~~~~-

-2-

sufficiently long period of time and tha t there arc sufficient controls

available to separate out the effects of the experimental intervent ion

from other variables that influence productivity. Most studies

(cf. Glaser, 1975) simply assert that productivity is improved or in-

creased by some percent without detailing the source of the data or

identifying the cause of the change. The basic thesis in this paper

is that production is a function of a number of controllable and un-

controllable variables. Changes in production can be affected by any

combination of these variables. An organizational intervention simply

adds anothe r variable to this complex production function. Separating

its effect Is a complex analytical task.

Why have we not made more progress in estimating produc tivity

differences? One reason is that much of the research in this area has

been done by social scientists who are more interested in psychological

than economic outcomes of work. Arlother reason is that many people in-

volved in introducing organizational changc have been more concerned

wit~i the process of change than with the outcomes. In other cases

coln,anies have not been willing to make economic data available, or the

resaurces have not been available to analyze economic data. Another

reason, and the central rationale or this paper , is that there have not

been good analytic models available to assess productivity changes in

organizational experiments. That is, we do not have a good methodology

for estimating productivity changes.

- 
- .

~
~.



2. The Setting

This paper examines several niodels used to estimate productivity

differences in an experimental intervention in a coal mine. The forms

of the models are presented at a ~eneral level to enable the models

to be generalized to other settings. Clearly , some of th variables

in the models will change in different settings , but the form of each

model and the testing procedures will not.

The Rushton Mining Company entered into a Quality of Work (QOW) experi nent

in 1973 (Goodman 1977). One of tlu’ three sections (mining departments) becane

an experimental SeCtItrn . Autonomous work group teams were created in that

section by outside consultants. ~ Iile it is not possible to detail the

experimental int:ervention (see Cot’dman, 1976), the coninunication,

decision making, authority , and re-ward systems of that section were

substantially modified. The basi hypothesis was that these changes

would increase productivity levels and the quality of working lift .

The design of this study permits comparing productivity of the

experimental section against two (It-her min ing sections. En .i sense

the se sections can serve as contro l groups to assist in 1SOl.Lting the

eftect of the experimental intervi lit ion on productivity. However ,

since these three sections are not perfectly matched IS to men,

mac tinery , and physical conditionf the design is not truly an ex-

perLinental design.1 At best this study can be classified is a

quasi-experimental design; contrasts within the experimental section

over time or between the experimental and control sections cannot
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definitively isolate the experimental effect on produc tivity.

A coal mine ’s production is generally stated in term~; of tons

produced (per section). The set of variables afiecting production is

complex. Some variables are contrlillable , such ~s the nui iber of men

working or the type of equipment. Other variable’s are un - ontrollable

such as the character of roof and runway conditions , in t omparing

~.i ifferences in tons produced per section it is in~portant to under-

stand which variables contribute t ’i production . For example , if the

experimental section outproduces tie control sections but the latter

have very poor roof conditions , th ’n the difference in productivity

may be caused by uncontrollable phisical conditions or the experiment .

To analyze productivity differenct~ we need to th’scribe a production

function which includes the major ,redictor variables , and then to

identify whether there are shifts in the coeffic ients of these

variables over time.

3. Testing Procedures

Since it is not possible to c ontrol nonexperimental variables

(e.g., roof conditions) which diff.irentially affect the experimental

and control groups, ii: is necessary to statistically control for these

differences. We have adopt ed thre-.~ alternative methods for testing

for productivity changes after cor recting for ch inges in uncontrollable

variables across the experimental -m d  control se~tions . (Where not

indicated otherwise , the experimertal ~;cction pr ior to the experiment 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- . 
~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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and th~’ nonexper iment. i l  sect ions w i l l  be re f er r ed  to  ,ts  he cont r o l

sect i on s ) .

All three methods seek to identify differences in tI~ struc t ure

of the production function (i.e., the relationship betwe -n resources

used and quantities produced) between the experimental section and the

control sections . Thus we began by estimating a separate produc t ion

function for each section for each year. The appropriate positive or

negative signs can be specified a priori for almost all ~ t riables in

the production function equation. For example, output should be

positively related to working time and to the roof and runway

condition variables. Before accept ing the estimated equation for an

individual section, we have required that all coefficient s which are

significantly different from zero have the predicted sign. In the

few instances in which initia l estimates did not satisfy the require-

ment , we have attempted to determine whether exceptiona l c i rcumstances

~e. g . ,  unusual ph ys ical  condit ions ’t in a particular sec t i on might

have g iven rise to an unreasonable c o ef f i c ient es t imate .  In some

cases , dunuuy var iables  were in t roduced to  accoun t for  such spec ia l

c ircums t ances .

The f i r s t  and simplest  procedure is to t es t  for d i f ferences  in

the constant  term in the produc ti on function across sect ions.

Differences , if any , in the sections , including differences caused

by the experiment , are assumed to  a f f e c t  only the  cons tan t  term.

Civen this assumption , the homogeneity of the sections in the cont rol
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gm oup or a subset of the control group can be tested h) an ana lysis

ot variance , i.e ., by testing whether a signi t lcantly higher pro-

portion of variance is explained by allowing a different constant

term for each section than by imposing the same cons tant  term across

a l l  sections . I f  the experiment enhanced productivity, this would

be r e f l ec t ed  by a higher constant  term in the product ion funct ion

for the experimental  section than in the production funct ions  for

th e control  sect ions . The t -t e st  can be app lied to determine

whether the difference in the constant term be tween the experimental

and control groups is significant .

The above approach has the advantage of be ing both  ; imple to

appl y and easy to interpret. The disadvantage of the procedure is

the assumption tha t the coefficients on both tIle controllable and

uncontrol lable  var iables  are the same ac ross the  exper imenta l  and con t ro l

s.~ctions . It is not obvious , a priori , that this should be the case. For

example , if the result of the experiment is that the men work more efficientl y

in the presence of adverse conditions , this wo ild be reilc’ted on the

c o e f f i c i e nt s  of the cond i t ions  va r iab les  r a the r  than the  i i i te r cc p t .  The

two addi t onal tes ts  described be Low do not rc Iu i r v  suc h r cstr ic  Live

assumpt ions .

A second method i s  to t e s t  for d i f f e r e n c e s  in any of  t h e  e s t imated

tIe I I Ic l i i i  s o I I lie produc t b i t  I linc I I on acres t h e ~;t ’C t I ofl~ . ‘l i i i ’

ma int a ined ~nul l~ hypothesis is that all the cue t f i c  ien t s in the

produc t ion func t ion are the sante in all sections. t he  a l t e r n a t i v e

hypothesis is tha t one or more of the c o e f f i c ients d i f f e r  across
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sections . Thus , I f  the experiment r e su l t ed  in a sig n i f i can t  change in

t h e  produc t ion func t ion in the experimental section , t h e  maintained

hypothesis should be rejected when the experimental section is

compared to the control sections .

The ma intained hypothesis in the f i r s t  step of the test  is that

the coef f ic ien ts  in all six sectic ns are the same . The a l ternat ive

is tha t the coefficients in all s ix  are different. Since the tests

are sequential, the form of each i~ubsequent test will depenc on the

outcome of the one preceding .
1 

One simple sequence is as follows :

If the null hypothesis of the first test is rejected , the production

func t ions  of the sections are not all  alike. The second step would

thi n be to t es t  whether the produ tion function is the same for all

control sections . I f  so , the con rol g~ ups would be combined to

yield a sing le produc tion function , and this function would then be

cot- pared to the experimental section. Selective testing of subsets

of the coefficients would determine more precisely which of the co-

ef icients differ between the experimental and c ontrol section pro-

dui tion functions.

A great many other outcomes -ire possible. The control sections

m i4 h t  be found to differ among th emselves. The sect ions might be the

The prob ability of obtain i ng a given conclusion is not in-
de pendent of the test sequence. Ideall y, we would l ike to compute the
p 1 ab ab i l i t  y of obta in ing .i p a r t  ic ul ar  conclusion taking accoun t of the
t e s t  sequence.  However , in the absence of knowledge of the t rue  values
ci the parameters of the model , such a ca lcu la t ion  is not p o s s i bL e .  Thus ,
ccnf idence  reg ions for a given level of significance are determined
b~ t rea t ing  each step of the tes ’  sequence as independent of the outcomes
o~ previous steps in the sequent . ‘rhis rather unsatisfy ing procedure
a; pears to be widely emp loyed Since no genera l ly app l i c ab l ~ a l t e r n a t i ve
p. ocedure is available.

- ~~~~~~~~~~~~~~ 
~~~~~ -
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sank ’ in each year and d i f f e r e n t  act  oss y e ar s .  T u e  con t ro l  and c x —

per [menta l  sec t ions  m i gh t  be found to he - i l l  al ike . R a t h e r  than

cnui~Ierate  a l l  possible  sequences , we will defer further discussion

u n t i l  the r e su l t s  sect ion where the actua l test sequence is presented.

The second t e s t i ng  procedure described above also has several

l imi ta t ions. The power of the analysis of variance tes t  is much

grea te r  when one uses a single produc t ion  funct ion for the five

control sections2 
in a tes t  against the experimental section than when

one t e s t s  the f ive  cont ro l  sect ions , each wi th  a d i f f e r e n t  product ion

func t ion , agains t the exper imenta l  sec t ion.  Fot a given level of

significanc e, one may get ambiguous resul ts from the analysis of

variance test because the power of the test changes when different

combinations of coefficients or sections are tested. A second

problem is that individual coefficients may be different in the ex-

perimental section relative to the control sections , but some may be

higher and others lower so that the net effect on productivity would

not be clear cu t.

The third method used to test the experimental section against

the control sections is designed to provide an alternative which

would potentially be conclusive if the analysis of variance test were

2 
Here each set of annual data is counted separately since a

separa te produc tion function is estimated for each section for each
year .

—~~~~~ ‘ - -- ---
~~
--— -  - - ‘. -—- -—-
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amb iguous for e i ther  of the reasons ident i f ied above. This pro-

cedure requires only the production functions for the control sections .

The values of the variables observed in the experimental section are

substituted into the estimated produc tion functions for the control

sections . This provides a prediction of the amount which would have

been produced had the resources from the experimental section been

used in the control sections under similar physical conditions . The

actual average weekly produc tion from the experimental section can
-i

thm be compared to the predicted average from the equations for the

con trol sections. If the predicted amount from the control sections

was significantly l~wi 
- (higher) than actual produc t ion from the

experimental section, one would conclud€ tha t under similar physical

conditions the experimental section was more (less) productive than

the control sectiona . The relevant test statistic has the L dis-

tribution. The deriva tion of the test statistic is provided in the

Appendix.

Relative to the second method , the third method of comparison

has the advantage of simplicity; the information on productivity is

summarized in a single statistic comparing mean actual output of the

exper imental  s e c t i o n  w i t h  mean p r e d i c te d  ou tpu t  front using the same

resources in the conE rol sec t ion.  ‘l’lte second ailvant - ige r e la t ive  to

both of the a l t e r n a t i v e  t es t s  is that one need not estimate a pro-

duc tion func t ion for the experimental section. For purposes of this

test , any shift ing of the production function of the experimental



10

section will be reflected in the produc t ion of tha t section. Finally,

th e power of t h e test is greater titan the ana lysis of variance test

because the latter test c ompares I lie sections along several diniensions

(as many dimensions as there are estimated coefficients) while the former

test is based qn a single dimension (production).

The evaluation results are not based exclusively on any one of the

above tests. The multidimensional nature of the analysis of variance

test enables one to identify differences among the sections which may

not be reflected in the production figures. These differences are of

interest in themselves as a supplement to the simpler test of differences

in produc tivity. ‘I’he test for dirferences in the constant terms is the

logical first step in attempting to pinpoint differences in the pro-

duction functions .

4. Methodology

Sample

The analyzed data set consists of 92 weeks in 1973 and 1974 for the

three sections--experimental (South) , North , and East. The samp le year

1973 starts at 1/2/ 73 and ends it 12/1/73 . From these 48 weeks two

were deleted which represent the miners ’ vaca tion period in July.

There fore, the 1973 data are based on 46 weeks.

The experimental year begins in the first week of December 1973

and runs through 11/9/74. From these 49 weeks the two-week vacation

plus another week lost from the memorial week strike (8/17/74 to

8/24/74) were deleted leaving 46 weeks for analysis. In the re-

ma ining period in November and in the first week of December there

was no production because of the nationa l coa l strike . Since there

_ _ _ _  ~~~~~~~~~~~~~~ -~~~~- 
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were tin I y a I ew rena liming itc i u - i I pr (ItI (I(’ t Ion weekh iii iteceniber and

s Inc c t J u ~ work In t (tat per [0(1 W I  ~ t h ou r a new con t r i  c t , we dccl d i d

to include those weeks in the 1975 d at a .

Variables

Table 1 describes the majo r  var iables  used in the ana lysis.  The

label or acronym , variable name , and description are given ; then the

operational form and source of the data are identified . The means

and standard deviations are for all three sections for the 1973 and

1974 time periods.

Our prior expectat ions about the  coef f ic ien ts  are indicated in

Table 2. Since we are using a linear approximation to the production

function, and the condit ions va r i ab l e s  may s h i f t  the function up or

down, we do not have a priori expectations concerning the sign of the

constant term. Improvements in conditions should increase production

as indicated by the positive signs on the physical conditions

variables in the table. The moves variable is designed to measure the

distance of the miner from the feeder and should thus be negat ive.

Since pillaring is more produc tive than developmental mining we ex-

pected a positive effect on the pillaring variable. Increases in

crew size should enhance production giving a positive sign to the

man-days variable. Itelays were expected to have no e f f e c t  beyond

the  r e d u c t i o n  in working t ime . S ince de lays  have been deducted  from

potential crew t ime in construc t ing ACWOT , we expect zero coetficie nts 

—a~~~~~ -—-- 
---- ~~ --~~~~~ - . - -  -~~~ - -- ~~~——— ~~.-— ~~~~—- --
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on the delay variables when delays are entered separately. Crew

time should have a positive effect on production .

5. Resul ts

The production function estimates are presented in Table 3. A

comparison of the coefficient estimates across the various sections

reveals that , where coefficients ;re statistically significant, they

do have the anticipated sign.

We now turn to the results derived from our tests. The first

me thod of testing will serve to indicate whethe r there were differences

ir any of the intercepts of the model across the sections .

In row 1 of Table 4 ~e require the intercept for the five contro l

sections to be the same and test ( 0  determine whe ther the intercept f o r

South 74 (experimental) is significantly different. The estimated difference

of —48.9 is not s i g n i f i c a nt .  In row 2 , all  of the section intercepts

are allowed to be different with South 73 used as a reference. ‘the

coefficients for North 73 and North 74 are significantly lower than

the coe f f i c i en t s  for South 73 at the five percent leve l, and t h e

coefficient for East 74 is significantly lower at the ten perc nt

level. This result indicates that the intercepts for the cont -ol

group are different , and this is confirmed by row 3 of Table 4

which includes only the five control sections . North has a

significantly lower intercept than the remaining control sections in

b t th years. In the remaining three rows, the intercept of eat-h

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _
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section in 1974 is compared to the 1973 intercept. The difference

is significant only in North.

The results in Table 4 provide no evidence tha t  the intercept

has been shi f ted  by the experiment . This conclusion emerges in the

first row when South 74 is compared to the entire control group and

in the last row when South 74 is compared to South 73. The results

in Table 4 do, however , suggest that  there are sign i f i can t  differences

among the  intercepts of the sections in t h e  control  group . The

results of method two below provid e a more general test for

differences in any of the coeffic i ents across the sections.

In row 1 of Table 5 we test whether individual production

functions for the six sections fit the data significantly better than

a single function applied to all ix. At the five percent significance

level, the sections are not signi~icantly different. Since the power

of the F-test  varies considerably when various sections are combined ,

we present the results of several alterna t ive tests. The results in

the second row indicate that the t ontrol aections are not significantly

different. When a single functiot for the control section is tested

agains t the experimental section n row 3, the difference proves to

be significant at the one percent level.

Further evidence of the similarity of the control sections is

provided in rows 4 and 5. In row 4, a single func t ion for the three

sections in 1973 is tested agains t: separate  functions for each section

and no s ignif icant  d i f fe rence  is ound . In row 5 , the combined control

- --. -~~~~~~~~~ .-~~~~~
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group in 1973 is compared to the combined control group in 1974

and again  no d 1f I e ~rcnce is found .

Row 6 indicates no significant difference across experimental

and control groups in 1974. However , when the experimental and

control groups are combined in 1974 and tested against the combined

control group in 1973, a significant difference is found as in-

dicated in row 7. This should be contrasted to the results in 5

where no significant differences were found when the exi erimental

section was not included in 1974. Finally, the models or eacli of

the sections are compared across years in rows 8, 9, and 10. lere

it is found that one of the control sections differs between 1973 and

1974, but the production function for the experimental :;ectioii in 1974

is not significantly different from the produc t ion func t ion in 1973.

Additiona l tests were conducted to explore possib le dif erences

between South 74 and the control group. ]n these tests additiona l

dummy variables were included to allow the ROOI- , RUNWAY , and PILLARINC

coefficients to differ for South 74 when it was included in estimating

a single production function for the experimental and control groups

combined. Af ter ditferences are allowed in tht  coefficients of the

three variables identified above , the produc t ion func t ions  fo r  the

experimental and control sections are not  signi fic mnt ly different

‘rhe conclusion of the F—test ; is tha i thete is som r d - il ively

weak evidence that the experiment ii and control sections are different.

The differences are attributable o the ROOF, R UNWAY , aid P11l ~AR I NC

_________
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cotS I Ic I t i l t  ii . t h e s e  d i i  l e t  elLc .s I n  I lit ’ roofi icic ’ut ~ t i~ t ime t’~,iitI it I O h t ? (

var l a b i e ; ;  m ay be a t t  rlbut alile to (ii ’ experiment t homigim sudi (lit iemt ’net ’o

would not have been predicted a priori. For examp le , i t  may be tha t

the experiment caused the crew to work at the same productivity level

independent of runway conditions giving rise to the insignificant co-

efficient on runway in Table 3 for South 74. The higher coefficient

on pillaring indicated greater productivity in pillaring in the

experimental section. If the higher coefficient on roof is to be

attributed to the experiment , one would have to conclude that the

experiment made produc tivity more ensitive to changes in roof con-

ditions. Since the coefficients oti roo f and runway in South 74 differ

in opposite directi ons from those of the control group , sampling errors

rather than experimental effects may be the cause of these differences.

The results of the test  of in te rcep t s  appear in some respects in-

consistent with the resul ts  of the ana lysis of variance t e s t .  The

intercep t tes ts  indicated no sig n il i c a nt  e f f e c t  cif the  experiment

while the analysis of variance tes t s indicate a significant difference

l)etVeen the experimental and control groups . Also , the intercept tests

indicated tha t North differed sign i ficantl y from the other contr ol

sections while the ana l ysis of variance tests su~gest tha t wha t

differences exist are attributable to E a s t .

The explana tion of these seem i ngly inconsistent results is trace-

able to the underl y ing assumptions and the relat Lve power ot t h e  t e s t s .

t h e  i n te rcep t  t e s t  is p r ed i ca t ed  cii  t he  assumption that differences , i f

any , will be reflected in the intercepts. Olfsctting differences In t h

-- - . - .-~~~- - —-~~~- - - ---_~~~ - - - ~~~~~~~ _ _
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other  coo f f  I d ents may not he p icked up by the m t  iacept t u ; t . I i i

contrast , the an;m i ys Is el v a r i a n c e  I t’s t a 1 lows for  q il It e gencr~i I

differences , but the discrimin ,itor~ powe r of the  t u s t  is  lower t u tu

that of the intercept test. Clearly, i t is desirable’ to ha ve a

sununary m easure of the  e f f e c t s  of  t h e  exper iment .  h u t ’  i n t er c e p t  t e s t

is u n s a t is f a c t o r y  b ecause the r e  is no a pr ior i  r e a s o n  t o  e x p c e t  - r i lv

the intercept  to be a f f e c t e d . The . m n a iy s  is of v a r ian c e  t e s t  ide i i t  i t  j e s

d if fe rences  bu t  does not i n d i c a te  the net ef fect ot th ose di fie r ;u.

on produc t i v i ty .  I t  is for these reasons that we’ developed ih~ t h i r d

method of testing for differences in productivit \ .

Bet Ii the intercept te st and ti e’ ana lysis o t variance t ;~ t ca;

doul t on t he hypot lies is I h a t  a I I si et ion s  in time’ eel r ol  gr  ~;p I v i ’

t he sante’ product ion I t in e I ion. t b ’  i e t liFt’ • we conduct ed t he ne ns I us

not only w i t h  the  combined con t rd ;~r oup , but  a I act us I u~ oni \‘ :~ t t t i  t hi 7

as the cont ro l  group . I f  unobs e rv e ii v a r iab l e s  ar c  respon s ii: c I c r

d i f f e rences  among the  cont ro l  sec t  ens , - eeu t l; 73 may he ’ a m ccc

r e l i a b l e  con t ro l  s ince such unobserved var i ab les  may d i  f f e ’r ies~ ovc:

t ime for a g iven sec t  ion than th ey va rv ic re; s ; - c  t ions

‘t he r e s u l t s  of means t e s t s  ar  presented  in Tab i t ’ b. I c l v  t I l e ’

r e s u l t s  In t h e  t ippet ’  l i - i  I f  o f  l i i i ’ I -  ‘It ’ , t lit’ producti on I enic~. i-an  I or

South /3 was used to oh t a in  pr e ’d I C I  ed Vu r .m e~e- w e e k  I V p r e idmu ’  1 ‘11

Tb is prod le t  ion Is oh t a irw d by ; ;tmli I i t  n I n~ t h e  ir mde ’pe ’mi e be n t var i mb It -

observed in each week in Sou t Ii 74 i lit 0 t h e ’ i,’ - t l iii. i t t(l p I - a l  l it  an

function for South 73. I hue a ver ’ o f  t h i e ’ a c  p i t ’  I i~ I ion ,; . d1 ae t e e l  v
p

_ _ _ _ _ _ _ _ _
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was then subt rac ted  from actua l average p roduc t ion  in South 74 to

ob ta in  the e s t ima ted  d i f f e r e n c e , d .  ‘Ihe d i f f e r e n c e  is an e s t i m a t e  of

the  am ount  by which  ave rage  weekl y produc t ion In Soul ii 74 c~- c ceded

t h e  .tmount which wou ld  have been p ro duced  had the same re sot ’rc e’H bee n

used under s i m i l a r  ph m y s i c m m l  c ond i t  tons In South 73. I’ h me ri ’~- u i t  s i n

the bot tom h a l f  of  ti-m e ‘t ab le  we’re ob ta ined  by app ly ing the sane

procedure using the produc t ion function estimated when the d 1 a  from

a l l  the control sections were comb ined .

The results indi:ate that average tonnage produced per week in

South 74 was not sig n i f i c a n t l y dilferent from the’ amoun t whic,~ wo u ld

have been produced hall the same re sources been used in the nonexperimental

sections under similar phys ical rend it i t.n’; . This cone ins ion is oh ta m e d

using e i t  h e r  South 73 or t hi t ’  c omb I nod nonexper im ’nt ; m  I sect  io ;~; ; ms I lie

control .

6. l ) i scus s ion- Summa ry

The general r e s u l t s  do not i n d i c a t e  any increase in proc~:ctivi ty

in the experimental section durin~’ the first exp rimental year. The

reasons for these r e s u l t s  can be c l a s s i f i e d  as methodolog ical or

concep tual. One methodological problem may be th ’iat we’ have a-at

stated the models correctl y.  That  is , variables might be mb- sing or

some of the selected variables m t  orrectl y ope’r .itio n il [‘it’d, in re-

viewing the models we have used Iii t h i s  ana l ys is  t h e r e  Ire’ ~~~~~~ e el-

e f f i c i e n t s  tha t  appear  d i f f e r e n t  I ron wha t we would have pre uie te ’d

-~~~~~~~~~~~~ _ _ _  _ _ _ _
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and in  som e cases we hi ; y t -  in t r o d u c e d dummy va r i ab l e s  t o  deal  w i t h

s p e c i a l  problems ~ ‘ .g .  , p ’  ia~l p b ; si ca l  c o n d i t i o n s ) not capti -re’ d by

our regular  measures .  t o  deal w i t h  t i m i s  issue we I h m o u i g b m t  c a r ’  f u l  lv

about the  appropr ia te  conceptua l m o d e l .  We did not  l e t  e i t h e r

techniques  or the d a t ;u  pr imar i  Iv  g i m  ide- our anal ys Is . W h e i t  nac ;;ei l i e ’s

have appeared in he d a t  a we have ’  ~ ‘ nt ’ b ack to t h e  or i g in 1 data

sources to i d e n t i f y  ti -me a c t u a l d a i l y events  tha t were gof ig on. ‘h’ o

avoid ex post so lu t ion  from th is  me’re d e t a i l e d  ana l ysis , we iways

t r ied to recast  these f indings back  into our conceptua l framework.

Another  methodolog ical issue c oncerns the control  g roups .  I’lie

lack of improvement in p r o d u c t i v i ty  mi gh t  be exp lained b the f a c t  tha t

the other s e,t i on s  are not equival ’nt to the exper imenta l  sec t ion and

t h e  compar ison w i t h  these  groups i .  i napp rop r i a t e .  We have t r i ed  to

respond to th i s  q u e s t i o n  b y deve l  iIll~ 21 model tha t w i l l  be g e ’n c r a l i z a b l e

across sec t ions . Indeed , the  i m i , t  I ‘si ,s  e ’x am in ing t h e  p ro t l uc  t ion t unc t ion s

across the diff erent sections show a great deal of simil m r i~ y. lu-

other  a n a ly t i c  ippro : cii has been t o  t r e a t  each sect  iem a~ it s own

control group . Tha t is , we compared ti -me p e r fo rmance  of lit’ experiment ii

sect ion in the basel ine  wi th  it s  performance in the experimental vc ,ir.

l’he overall strategy then is to a knowledge th a  there’ is a p r o b l e m

of equiva lence , bu t  a t  the  same t nt ’ t e l  USO ann l y s  is p rocedures  and t

consider  ‘I I t  erna t ive co n t r o l  gr eu 1 S . i I we’ ~~t ’ t  .1 c o n s i s t  c i ;  p i e  I ur e

across t h e -  u d i f f e r e n t  St  r a t  eg i ’ s  W i ’  c - an  I cc’ I -nor - c r  t i i~; n oe m I I lit’

validity of thy results.



— I )  —

A t h i r d  issue concerns problems c if measurement . Pni ci iab i l it  y

in either tire independent or dependent variables c it’ - rl y ~ i i l  con-

found ti-me ana lysis. ‘ho some extent this problem is h I l t  ‘ii ic i our

hands because we do not have ti -m e resources to set up our wT : ; ; eas ur t ’me nt

sys tem for t h e  economic v a r i a b l e s .  In some cases we h ive ana lyric ml l v

examined some of the  ordina l s c a le ; used for measur ing  ph i ’,r s i e ~~l

c o n dit  ions t o  .i~~~se ’s s  t h e’ va lidity el t hose measures. I”or t’hc de pendent

va r i - ib  he  we m t  end to re’ h a t  e t h e  c lr r t ’I I I  f i gure  ag-a inst  e ’ her mm - Isures

of th e same’ p henomena d u r i n g  the  coming year  to  get  a measure  of con-

cu r r en t  validit y

Another  :;t ’a ;ur em e ’n t  issue’ concerns p o t e n t i a l  biases in t ~;e

measures ,  h ere ’  we’ We t l i  I d  f ind  a h i i - ~h degree of cons is tc ’ncy ,Cc 1 i ib l  l i t  v

but  val  i d i t  v w o u l d  l ie  low . ‘t h e  is - ;u e ’ is tha t c e r ta i n  bosses could

have overs a t  1’d h r  dmi  t i o u  i s  a r e m e t  ion to the exper iment ,u  1 i n d u c t  ion .

Bosses in t h e  e’xpe ’r I me ’mi t  i i  s ec t  iou  n ig h t  have w ant e d  to  make thu t ’

sect  ion look b e t t e r  w h i l e ’  hosse ’~ i i i  t he  con t ro l  gr oups  migh t  ii ;uv ’ ove r-

s t a t ed  produc t ion to  n,,,ke t h e i r  st et i o n  look c o m p a r a b l e  to

exper imenta l  s ec t ion . Our own ob ; e ’rvat  ions of t h i s  p rob l em ar e  t h u

following : f i r s t , if overs t a t  lug produc t ion f i gures  h~’ t i-me ore -nu n

occurred it was genera l ly ;m r e a c t i o n  to hi gh e r  level  mana ge ’l ’ l c a t  5

demands for g r e a t e r  produc t ion. Our in fo rma t ion  S u g g e s t  s I ii;; p r e ’s su r e

was in evidenc e dur ing the b a s e l i n e  and exper iment  i i  y e a r s  - nd i s  a

cons t an t  across  sect  ions . Second , our observa t ions and in t e r v i e w s

w i t h  t h e  foremen in the e x p e r i m e n t a l  st ’ct  Ion m d  j e l l  t ’d t h a t  ov er s t  a t  ing 

-~~~~~ -~~~~~~ - - -  _ _
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I t eni di d 11(11 ( i t t I I I ’ a l l  1 I i i i  I I ci i i  ot (l it’ expvi - int uit I t night

have occur rue fu’ on m pi eudtic I I e111 p u u su e. Iii I ri , I hie’ ~ e’ w i s st i r s ’

ev idence that in som e o t  t lie c cm t ro l  crews pre le luc t ~ oh P h i  \‘ ii ,ivt - l)(’&’ui

OVe’ rs at ed as ,m react ion t e the’ t,’xper m e n  t . r i m  i~ b e h a v i o r  I nwi ’V e’r w m  s

n~~t widesprei d and sh iou i 1 ii not h i t ’  a I feet ed the c’omp i r [sons when we

t r e a t e d  the  € ‘xper iment m l  s ec t  ion ,i s i t  s own c o n t ro l

‘the f ou r t h  i ssue  concerns  ( l ie ’  level  e l  ag g r e g at  ion eused in t h i s

ana1~ys is . Our da t  ,r h ia ~’ t ’ Euc en ~‘ x,im i ~ e eh  on a w~ e’k ly has  i . I t con Id

be’ argued tha t our c’s t im~m I t’ s W e1tm I d  l)t ’ more re fined i I we iiiev c I 0

da i l y b a s i s .  i ’hiis  i s  , m n issue we h ope to  exp l or t ’ w i t h  I hue ci,; a ir~ m

1’)]’ - and l97 tu .

‘th e l a s t  i s sue ’ cone -urns tile’ t m ine period for  mn. 1 vs is  and t i m  is

mi gh t  be the  most compel l ing  i ssue .  I t  t ;uk es a long t [me per  iod t o

ident i  fv t h e  res tu l  ts  of a m a jo r  ch i , ; n g e ’ e ’ f f o r t  I ike the  Rush - m t  on pro] c c l

We ar e o n ly  eva lua t ing per fc’urmn;unce during t i - me f i r s t  \‘ ( ‘ . l  r . I t  is

c l e a r ly  a p p r o p r i a t e  t o  w i t h h o l d  an~ c o n c l u s i o n s  aboei t  product i V  i t  v

nut I ii I lit’ 19 / i :mne l I ‘) 7(i eI;i I a is e~x. n i  ned

7. l O l l  h u i ~ [el l is

I n  s e l ect  ing a proct’d -;re’ mc i ’ v, ulu at ing o r a ,u i m lr , i t ioni l ci t e d  i V e ’ l i t ’ sS

experiment a , t be fol lowing cr i t c ci  a r e ’ app i ic ,m h ’ It’. (“irs I , i t ’  pro-

cedure  shu ~~;i lJ be’ re le’v ;mnt , 1~, m t is i t  s h o u l d  of er t h-me’ pot -at ia 1 e I

answering lim e ’s t ions 0 t~ jut t r ust cc’ c l i i i  i - m g  t i ;e ’ e t e~ e~ I S 01 I

expe’r iiuit ’nt . ‘e’ e d u e l  • t hue c und i t  [Ofl r t ’elu l red I eu ,; 
~‘~ ‘ 

I i c’,mb I I v c i t  I hie ’ 

— - - - - - ~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~~~~ - -



procedure shou ld  he’ sa t  is fla ’d b y t he’ e x pe ’r i m en t a l  c m v i r ou ime ’n [

In eva lua t ing ti -me economic consequences  of an exper iment , t ime

primary ques t ion  of in te res t  wi l l  be de te rmining  w h e t he r  the exper iment

increased produc t i v i t y .  I f  a change in p r o d u c t i v i t y  occur red , one m a y

also  want  to p inpoint  how the  p r o d u c t i o n  f u n c t i o n  d i f fe r s  a f t e r  the

introduction of the experiment. Even if no effect on produc t ivity is

realized , there may be some interest in testing whether the’ experimont

had any impact  a t  all on the ’  p r o d u c t i o n  process .

Of the three procedures couisidered in this paper , t h e  two mu l o s t

appropr ia t e  for  t e s t i n g  for differences in productivit y are the

i n t e r c ep t  t e s t  and t h e  means t e s t .  Whi le  bo th  t e s t s  s a t i s fy  the  f i r s t

c r i t irion , the means t e s t  w i l l  gene i -a l l y be p r e f e r a b l e  b y the second

c r i t e r ion . l’he i n t e r cep t  t e s t  is based on the assumpt ion  t h a t  t he

e x p er i m e n t  a f f e c t s  onl y the i n t e r c e ’ t and no other c o e f f i c i e n t s  in t c

prod u c t i o n  u n c t i o n .  ‘lucre ’ was no m p r i o r i  reason [Or expec t ing t h i

to bc the ca se in the exper iment di ~cui s sed  in this p .mper , and it i s

doub t ful  t h m a t  one would genera l i v  h eve such s t ro ueg  p r i o r  in foriim ~i t ion

about  ti -me way in which in experimen m 11 ’h u t p o t e n t  iai l v  a t  f e et  t h e

p roduc t ion  func t ion . the neans  It ’ s is p a r t i c u l a r ly s e u i t : m b l c ’ f o r

exper iments  in wh ich t h e  e l  l ec ts  on the ’ p r o d u c t i o n  func t ion r e ’ un-

ce r t a in  since the t e s t  r equ i r e s  no us sunup t ion  about  ti -me way in whic h

the produc t ion func t ion is changed .

Whether  or not a change in p r o d u c t i v i t y  occurs , one nun ’ ~‘is hm t e ’

t e s t  whe ther  the p r o d u c t  iou’ func t ion is changed ;it  a l l  by the  

~~~~ -~~~~~~~ - ‘ - -“~~~~~~ ~~~~- -- - —-  -
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experiment . In address ing  th i s  q u e s t i o n , the anal ys is  ( i f  v a r i a n c e

test is appropriate since it is intended to identify dit ’ferences in

any or a l l  c o e f f i c i en t s  between t h e  exper imenta l  and control group:;.

Should evidence of d i f f e r e n c e s  h found , t e s t s  for d i f f e r e n ce s  in

subse t s  of the c o e f f i c i e n t s  can be app lied to p inpoint  ( - he d i f f e r en c e s .  



Table 1

Variable  Desc r ip t i ons

ACRONYM Variable Name Meaning of Variable Operati~~ aL For -rn

COALBO Coal and boney height Height fr-am ceiling to Inches
added together ti-m e floor

ROOF Roof conditions Quality of roof 1 to 5 scale’
1 very bad 5 very

RUNWAY Runway conditions Quality of runway 1 to 5 sca le
1 very  bad 5 very

PILI~~RING Pillaring (See Baseline Report , Number of s h i f t s  pilL
1975) per week

ABSEN Number of total absences Number of total absences Total absenr -s ger we

MO\’E~ Major moves Measure of the distance Assumes the value zel
bet~cen face and feeder the weeks with a majc

(i.e., a move of more
299 minutes) and m c i
by one for each week
without a major move

AVMAN Average man days Average man days worked Total man days workee
per day of the week wee k d ay s  per week we

MOMINDEL Moves and miner delays Moves and miner delays ‘loves and miner dela’
m i n u t e s

CONDEL Combined delays Combined delays Car , machinery , holti
physical , and ml scel
the l a y s — m i n u t e s

EXOU VDEL Autonomous work group Autonomous work group Autonomous work grot~
obligation and outside and outside delays  o b l i g a t i o n  and out s i ’
de lays  m i n u t e s

ACWOT Actua l  c rew working t ime  Actual crew working t ime Max i mum possible cr~
t ime (=5850’)-to tal d
min utes

DU Denotes  durtuuy v a r i a b l e  In t roduced  fo r  pe r iods  One d u r i n g  weeks whs
of ~‘ihnorma 1 conditions abnormal c o n d i t i o n s

prevail

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Table 1

Variable Descriptions

Standard
Operat icr ial  Form Source Me an Devia t ion

Inches Company Records 64.0 4 .8

1 to 5 scale Rat ing  from super intendent  3 .9 1 .3
1 very bad 5 very good

1 to 5 scale Rat ing  from super in tendent  3 .5 1 . 7
1 very bad 5 very good

Number of shifts  pi l lar ing C ompany records 1 .13 3. 4
per week

Total absences per week Company records 4 .8 4.0

Assumes the value zero for Created by analysts based 1 .7 1 .8
the weeks wi th a major  move on moves delay
( i .e ., a move of more than
299 minu tes )  and increases
by one for  each week
wi thou t  a major move

Total man day s worked per Crea ted  by analysts based 18 .4 2 .6
week/day s  per week worked on company records

Aoves and miner  de lays -  Created by ana lys t s  based 452 .9 428.0
minutes on company records

Car, machinery , bolter
phys ica l , and misce llaneous  Created by analys ts  based 782 .2 650 .6
delays-minutes  on company records

Autonomous work group
obligation and outside delays-- Created by analys ts based 79 .3 275.9
mi nutes  on company records

Maximum poss ible  crew working
time (=5850)-total delays Created by analysts based 4231 .0 894.0
minutes on company records

One during weeks when Created by analysts based -- - -- -
abnormal conditions on company records
prevail

I. ~~~~~~~ , ~~ —~~~~ ~ —
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Table 3

Production Model II

Medi um Aggregated Delays

East i i  North 73 South 73

Coefficient I Value Coefficient T Value Coefficient I Value

CON.cFANT 1845. 0.8051 CONStANT -2800, -1 .021 CONSTANT - 1 392. -0.677 3
COALBO -49.33 -1 ,5 14 COALBO -11,06 -0.2450 cOALBO 12.76 0.4857
ROO F -71 .30 -0.9155 ROOF 149, 7 1.194 ROOF 68 .41 0 722 1

RUNWAY 178.7 3.268 RUNWAY 458.5 6.240 RUNWAY -51 .53 -0.4656

ABSEN - 12 .4 7 -0,5925 ABSEN 15.30 0.3376 p1uj,~~jt ’lG 29 .97 0 6976

MOVES -194.7 -2.404 MOVES 40.05 0.4176 ABSEN -6.050 -0,1500

AVMP~N 65,21 1 472 AVMAN 108.9 1,274 MoVES -20,28 -0.3184

EXOUTOEL -1294. -3 .168 DO 1 573 -1619 , -2.103 AVMA,N 4 6 . 9 7  0. 5458

MOM INDEL -0.1949 -0 . 7866 EXOUTDEL -2.987 -1 ,549 DO 1-5 S73 -2644. -4 7 19

COMDEL -0.05737 -0.3810 MOMINDEL -0.1291 -0.3559 EXOUTD EL -2 .357 -0,9867

ACWO T 1 .239 1 1 ,35 COMDEL - .0,08661 -0.4794 MOMINrJEL -0,0604 -0,2107

ACWOT 1.090 6.981. COMDEL 0.0569 0.2032

ACWOT 1 ,011 6, 794

K = 0.9325 R
2 

= 0.9098 R2 = 0.8088
1 .05 Dw 1.917 1 .5

East 14 North 74 South 74

lI l e nt  I Val ue Coefficient T Value Cø~ ffj cjent VaIu€

CANT -1238 . -1 ,660 CONSTANT -3896. -1 .385 CONStANT -7947. -1 .642
C .~m.so - 2,’ . 12 —0.8761 COALB() -14 .73 —0. 5448 c~~i,so 44 . s 0.7431

kOuF 589.5 2.987 ROOF 102 .6 0.9332 ROO F 441 .1 3.312
11 .4) 0.1750 RUNWAY 127 .6 1 .484 RUNWAY _ i 0 3 .,, -0,9025

22. 11 2 .1 7  ABSEN 29.71 1. 208 P I L L A R I N G  3 3 0 ’ -. .388
30 . 71 1 .888 MOVE- ; 17 .32 0.2421 ABSF.N 30.63 ( 1,7°

- 3 2  - ,7 - 1 .msa AVMAN 148.4 1 .629 MOVES - 1 1 5 .0
AVM AN I q i , . 3. to; 00 23 ,39—43 N74 — 1 168. -2.858 AVMAN 128. 6 1 . 539
E x I :r u FI .  -O _ s e ~~Y -0. .405 EXOUTDEL -0.8868 -0.43 2 7 F,XOUTOEI. -0. 1092

MO MIN D F .u . . 3 5-. — 1 .  6 7  MOMINDEI, 0.1521 0. 154 MOMINDFl ~ ( . 01 38 2 0 .05 07
t I u M I I E I, —0 .01 8e  — 0 , 1 3 2 1  MBCDEL 0 , 6526 1. 619 C0~~)EL 0 . 1283 I , . 7 7 3

ACWO f 1 .000 10 , 1 COI ’WEL 0.2175 0. 99 18 ACWOT 1 .269 - .92

ACWOT 1 .238 1 .330

It
1 

0.89&. It ’ 0 .8621 K
2 

0,8322

[1w 2.0 11w ~ 3 .591 nw — 1,57



Table 3

Prod uction Model II

Medium Aggregated Delays

-North 73 South 73 Total

d ent T Value Coefficient T Value COefficient T Value

00. -1 .021 CONSTANT -1392. -0.6773 CONSTANT -2287. -3.448

.06 -0.2450 COA.LBO 12 .76 0.4857 CQALBO -4.247 -0.4983

9.7 1 .194 ROO F 68. 41 0 .7221  ROOF 75.29 2.244

B.5 6.240 RUNWAY -51 .53 -0.4656 RUNWAY 1 55. 9 5.952

.30 0.3376 PILLAR ING 29.97 0.4976 PILLARINC 45.27 4.162

.05 0.6176 ABSEN -6.050 -0.1500 ABSEN 17.0 1 1, 783

1.9 1 .274 MOVES -20.28 -0.3184 MOVES -82,45 -2 .970

19. -2 .103 AVMAN 46.97 0.5458 AVMAN 83 .15 5.475

987 - 1 .549 DU 1—5 S73 -2644. -4.719 DU 1 573 -1638. -2 .705

1291 -0.3559 EXOUTDEL -2.357 -0.9867 DO RUNW 5 573 1 079 . 6 . 334
.0866 1 -0.4794 MOMINDEL -0.0604 -0.2107 DO 1-5 S73 -1729 . -6,016

090 6.984 COMDEL 0.0569 0.2032 DO 23,39-43 574 -1341 -5. 133

ACWOT 1 ,011 6.794 COpwEL -0,0218 -0.3006

MOKINTJEL -0.3663 -1 .684

EXOUTDEL -0,3037 -2. 160

MBCDEL 0.1307 0.4083

AcU0T ‘ 7 .143 20 .39

R
2 

= 0.8088 1(2 = 0.8537
Ow = 1 .5 Dw = 1.400

74 South 74

lent T Value Coefficient T Value

6. -1 .385 CONSTANT -7947. -1 . 642
73 —0.5448 C0ALBO 44,62 0.7431

.4 0.9332 ROOF 441 .1 3.312

.6 1 .484 RUNWAY -‘03.6 -0.9025

71 1 .208 PILLARINC 110 .1 4.388
32 0.2421 ABSEN 30.63 0.67°

.4 1 .629 MOVES -1 15.0 -t .97

—2.858 AVMAN 128.6 1,539

~68 -0.4327 EXOUTDEL -0.1092 -0.4884
521 0.6654 MOM INDEL 0,01382 0.05075

526 1 .639 COMDEL 0 .1293 0.6 7 7 7

175 0.9978 ACWOT 1.269 6.492
38 7.330

K
2 0 .8322

Ow 1 ,57

~~-~~~~~~~~~~~-- -~~~~-
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Tests l’or D i f f e r e n c e s  in In tercepts  &cross Sect i on5

Sect ion C o e f f i c i e n t s

Sections Included
In Regression E73 N73 S73 E74 N 14 S74

ENSEN , S74 B** B B B 13 -4~~~9
( . 0)

E73 ,N7 3 ,~I73 —60 . 6 — ‘ 97 . 5 B — 308 . 1 — ~1 . 1 — 1 9 0 . ’.
E74 , N74 ,~~74 ( . 35) ( 2 .4 )  ( 1 . 8 )  ‘ ‘ .0)  ( . 9 9 )

E73 , N73 , S73 -9 .1 - 5 3 5 . 7  B -103. 4 -; 39.9
E74 ,N74 ( . 05) (2 .4) ( . 65) ( 1 .98

E73 ,E74 B -1 15 . 4
( .94)

N73 ,N74 B 3 72 . 2
( ! . 9 1)

S73 , S74 B -163.9

_ _ _ _ _  _ _—_ _

~~~~~~~~~~

-

~~~

--  --- —

t - rat n  s are shown i n  parentheses .

** Sec tiolis denated  w i t h  a B in 0 gIven run were used as a base
agai ,ns ~. which the rem; u Lfling 5cc ii on i n to  rc eI ) l . S Wer e c mparcd

L _ _ _ _ _  - 
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Tabl e 6

Tests for Differences Between Predicted and Actual Means

Cont ro l:  South 73

y 4619

d 1
~e 

- 97

t .17

Control: Combined Nonexperimontal Sections

y 4708

d = y  - y  8
C p

t .03 

.“ — -—---- ——-— ~~~~~~~~~~~~~~~



Appendix

DERIVATION OF THE TEST FOR

DIFFERENCES BETWEEN MEANS

The purpose of the test developed below is to compare mean weekly

output  between the experimental and control sections whi le controlling

for differences in the values of all independent variables. The goal

is to p lace as few restrictions as possible on the form and properties

of th e production function in the experimental section. Operationally

the test involves substituting observed values of the independent

variables from the experimental section into the estimated production

function for the control section. The test then compares mean weekly

production predicted from the function for the control sections to

mean actual production from the experimental section.

We observe the values of the dependent variable generated in the

experimental section. Call these 
~e’ 

and let the mean of these be

T
(1) 

~e 
= E 

~
‘ett=1

We assume that 
~
‘et is normally distributed with unknown mean 

~e,t

and variance c,’~ . In general, ii e will be functionally dependent on

values assumed by the vector of exogenous variables (Xe) in the

experimental section at time t , but it is not necessary to specify the

form of that function for the test described below. Mean output in the

experimental section is then normally distributed

(2) y —N(jt , e )e e T

-- -

~

- —

~

-

~

-

~ 

___________
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2

where
T

~L a~~~ ~C 
~~~~~~ 

e,t

T

The vector of values (y) of the dependent variable in the control

group is observed with a different matrix of exogenous variables Z. Let

Z have dimension N x P; there are N weekly observations on P variables

in the control sections. Let X have dimension T x P where there are T

weekly observations on the vector of P independent variables, and the

ordering of variables is the same as in Z. The assumed model for the

control, group is linear: —

where € —..‘N(O , ci~ I~
) ~nd Z and € are independent .

If the matrix X were to occur in the control section, the model

in (3) implies

(4) y = X ~~~+u

where

~ —N(O, ~c ~~~

‘rhat is, yi s the vector of observations on the dependent variable which

would have occurred if the set of independent variables observed in the

experimental section had also been observed in the control sections.

The test procedure will be to predict y and to compare the mean of the

prediction to the mean of the observed values in the experimental

section.

_ _  _ _  ,
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3

By taking the mean of the observations in (4) it follows that

T
(5) y — E y

t
a X

~~~
+ U

~‘ t 1  “ — — —
T

where u — N(O, ) and X i: the vector of sample means of the

variables in X (i.e., x1 a E X
is).

t—1
T

Then

(6) Y 4 ~ N(I.L~

where 
~
.

Since $ is unobservable, ordinary least squares estimators are obtained

from (3).
A -1
~~~~~~~~~~~~ 

~
‘
~~c

The mean of the predicted values ftom (4) is then

~~, _ A
(8) y a X ’~~~~.

Since ordinary least squares is unbiased, it follows that

E (y) a~~~~~’~~~~ ~~~~~~~

The variance of the predicted mean is

Var (
~~

) a E ((y - 

~~
)‘ (‘~~ i.~ )l

— 1 %  — A —
— EI (X’ ~ - V ~) ‘ (X ’ ~ - X’ ~)1

a X ’ (,~‘ ~~~~ ii

_ _ _ _ _ _ _ _ _  _ _  _ _  ~~-- --— --~~~~~~- ——
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Then

2(9) y~~~N (~.&, a K)

where K — X’ (V X

The objective is to test for the difference in means

(10)

and the proposed test statistic is

—

(II ) d _ Y
p

_ Y
e •

The test statistic is unbiased .

E(a) E(y - 

~
‘e~ ~p 

- 

~e 
d

The varianc e of the test statistic is

A — 2 2Var (d) — Var (y) + Var 
~
‘e~ 

K a
~ 
+

T 
—

where the assumption that u and ~ are independent has been utilized.

Thus

(12) a—N ( i i~ - ~e 
K a2 + 02 )

The goal is to make a minimal set of assumptions abou t the

experimental section . To avoid estimating the U e ~ 
which are func tions

of X , we will assume that ~
2 2 

— 
2 

• Then the variance can be

estI~ated using the data from the cont:ol sections. The standard

error of the regression in (7) is

P(13) 2 ~ 2S — E(y - y  )
C 

~~~~ 
C
~ 

C t:
N-P 

——.-—-~~ - 
. ‘-~~~~~~~~~ - -—~~~ —-‘—~~~~~~~~~~~~~ - .

~~~~ - 
_ _ _ _ _ _ _ _ _ _



5

From the normality of ~ it follows that

(14) (N-?) s~__2

The ratio of a unit norma l and the square root of an independent

chi—squ a re divided by its degrees of freedom is distributed as the t.

Thus

d - d

0vc4 
‘-C t

1,
,/(N _ P)S~

,/

1
( - 

N-P .

This reduces to the following

(15) _ tN , p

This is the basis of the test results reported in the economic ana lysis

of mean weekly pr oduction .

_ _  _ _ _ _  
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