
4 .  C O ^ ^ W L T A T H M ’-

L.  COHPLCTIO(V

IXABKRLE** GROUP TE^T
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A Ccnsideratxon of the appli^ion of the Bus-Route 

Test to F.U.T.C.O. (Public Utility Transport 

Corporation - a transport company running a largo 

fleet of busses for Africans end employing a bi~ 

African staff), ? v *Vf ;ied to

vj % S

2. A Cjlerl̂ :

3. A supervisory Group

4. A Group of Drivers

5. A Driving Instructors Group

6. A Group of candidate drivers

7. A Group of Ticket Inspectors 

A mixed groups of clericals, 

drivers and supervisors.

8

None of these groups finished the test, although 

all groups were given a minimum of 30 minutes on the 

model. The mixed group continued to argue fcr 1 hour 

without arriving at a satisfactory solution. The 

Supervisory group held a theoretical argument for 3; 

minuted before positioning a single ^ - s t o p  sign, and 

although allowed to carry on for 1 hour and 36 minutes 

they were s+ill unsatisfied with their bus-route and 

began repositioning bus-stops when the test was

terminated.

2. U n d e r s t a n d i n g  the test instructions.

 ̂ a+«nA the instruction" without any 
All groups understood tne

x a.iViifif’ts however, asked 
difficulty. A number of *

. ,he +ester l-»ediately the tost co».noe«. 
questions of the tester

o1ll,ug abcut the some two 
The questions asked were al. y

problems, namely:



1. "Where must we start our bus-rout<- and where 

must we finish it?"

2. "Hov raTiy bus-rov.'ces m’.st we make?"

Both of these questions ward countered with a shrug 

of the shoulders and the answfii; "You men are the owners 

of the bus company, not me. You know best." Thi3 answer 

always had the desire^ effect of making the subjects 

realise that all responsibility for planning rested with 

them and they immediately went ahead without further 

questioning.

The instruction regarding the use of traffic s-Vgns 

only after the completion of the bus route, were 

included after it was noticed that without such 

instruction the group tended to split into two, one group 

concentrating on bus-stops and che other on traffic-signs

3. Differences of approach to the problem:

Observation of the groups tested revealed tnree 

basic approaches to the problem:

1. The Haphazard Approach:

this happened when one

member of the group positioned a bus-stop and began 

working on a route without consulting the others, 

the rest of the group eventually joining in. This type 

.f approach usually ended in chaos and argument, 

resulting in some type of compromise or in a complete

alteration of the bus-route.

2. The Positioning of Termini Approach:

an approach

adopted by groups composed of more intelligent subjects. 

The problem being tackled from a holistic viewpoint 

after some usually very illuminating theoremicai 

arguments among subjects. The layout in such cases was 

considered as a whole, the most suitable termini chosen 

and the route joining them planned.
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3. The Main and Feeder-Route Approach:
*

such an

approach usually started in the haphazerd wo, hut was 

rescued before utter confusion resulted by the "true 

3 eader” who made a nomrromlse between th, exictlng bad 

position and i icodt— V.v ay-:., _._i: ... .

route, + c otyvv :;he towne---.

In their approach to the task it was observed that 

the majority oi subjects to overcome abstract 4-u't * ~ 

gave names to all the towr’"V -

TOilwov. o4 4“l Oil '

It is interesting to no1 . bus drivers attempted

whenever possible to cut a v . he number of sharp 

turns they had to :uak be. .;sc cf the difficulty of 

inoeuv: Lng busses revn-j .--u-.h roads. They also insisted 

hat all bua-stops be on level stretches or on down­

grades to eliminate "overshooting" the 3top. They 

realised the safety offered by rail-bridges and tended 

to select longer routes in order to miss the level— 

crossings.

The Supervisory and Clerical Groups stressed the 

economic aspects. Many of their arguments centred around 

such topics as: the competition with the railway, the 

most convenient stops for factory workers "who are always 

tired", and the consideration of safety precautions when

j. tr.-r nnij-dren "because if any kids are 
planning a bus-stop -or

killed we may have to pay damages

4. Intra Group Relations:
As leadership iv* thia te6t

nhvqical exertion - physical 
does net require any physical

, nf strength seldom occurred, 
dominance by reason o* sti - «

ability to evoke cooperation, tact, a 
Intelligence, an ability

■r +v,G c-oblom and being a ole .o
t ho r o u g h  understanding o



'V-s'J

iftHSSfiES Z.

deal effectively with criticism, were far more important 

than being physically active, stro:ig c?nd agile.

'tion and ■ a

f i'.i. • -id <y%$ ,

oavy n armed leadership found

is

In the groups o 'served a t?:<:

roiv oisv-. in e .

was mor® frequent than th

on the Min*.b Leadership Tests. This, however 

probably due as much to the more sophisticated typJ of 

s u b j e c t s , as to the test situation. This ^  +'‘ v*+~

for as many of the cand? d?, + '

. _ . .. i „r - -■ .. long service
in secondary industry

older staff member? lysical handicap due to age are 

eliminated.

On a number of o c c m . ona there were hca‘..d arguments, 

one group actually spll' :ng up Into two opyCPtng factions, 

which were eventually drawn together by a compromise 

solution from the true leader.

It was noticed that groups composed of intelligent 

subjects considered the problem longer before taking sny 

action, while the less intelligent groups tended W  act 

end think and argue at the same time.

The Tests usefulness for Secondary Industrial

Leadership selection:

The following points emt-ged

on the basis of observations mads on ,ho various group.

t e s t e d , involving some 50 odd subjects:

1# The subjects fully u nder s t o o d  the test instruct ons 

and the test appeared to ha v *  enough face validity

to motivate the groups to action.

2 . No subject too, exception in having to undergo .he

t28tana co-operation with the tester was c l i e n t .



m m

K.I.P.R.

Co. No.

j-ES E A R C H  PT-'OjgQip

I L A  t i n s  p  n P jj

(i; Ability to express his ideas 

(2) Ov-.j.ity of contricutions made

' - ^ ^ c e  over g^oup

(4) Deference received fron group

(5) Effective criticism of others

(6) Ability to support own conten­
tions and deal with criticism 
of others

(7) Amount of participation

(8; Calmness and self-control (ease) 

(9) Plea.vintness of manner 

(10) Ability to stick to the point.

COMMENTS:

0 = Very poor

1 = Poor

2 = Low average

3 = High a\erage

4 = Very good

5 = Superior



groups teatuvi fee subjettta bocanw so

‘‘n the t; :.x* ■ -if '-.or*
instruct!

:a couple

number of leaders wore rated as unsatisfactory

Supervisory Group 

Clerical Group

Mixed Group 

Ticket Inspectors 

Driving candidates 

Driving Instructor;

these more sophisticated
not require



A *  v i e  .is t c  d o  a>iy 

doer it soil their

^dignif

Cloth vc l"y a*auy of th^w 

consequently. Vi
t'oin.T drwtot.a >»
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^ LCOXOH fWQ 3AKKJS TIST;

A nCR-parast.t ri c te8* ,f the hypothec4 hi* *>c
>sv iflenti 3&1 again* ♦. th« *' — r*.ru --

i. at. Sr.f:

Exaaple t

Imes each y is greater than re x. 

y * 2, i, 7, 8

* r ■‘j 2, t>, ?,
Start with the smallest x; there are 4 y's greater. Tujpf. 

the rext lowest x - ignore the ;ie with the smallest 7 , 

thiB leaves 3 y ’a greater. There are 2 y'a greater t* ui 

the next x, 6 . Ths second last x haa a tie and only one 

y greater. There are nu y's greater than the lajt x. 

Therefore the number of y ’-a greater than an x i n 1

2. Jompu'.e cr

1 = U ) + 2 * l * 0

P»r- \ ..where a = r.u»ber of s's, her*'
n = number of v 's , h e r -■

in the case above
° u S  =  =  1 6 , 6 7

4*

l .  Look up r in . t « H «  of the Ou.ul.tiY. Koro.l Di.tritution, 

(... Tof.e U ,  p.ee H . W .  "St.tl.tio.l Tabl«, .

» , « , ! « • )  . » 4  T i t ,  d o * n  t h .  = o r r e a p o r . d i n g  » r . » . » l l l t T .

_ Ktn,npd t 1 0 0 , and then subtfaot from 
5. M u l t i p l y  the P obtained 0. .. .4 n

i* if a P = .9929, the answer will 
1 0 0 . For example, 1

be j

100 - 99.29 = ‘71^

Compute E(u) = ^ p -  ; for thie example E(u) = iO

u - F.(a^
3. Find the value cf r -

u

1C - _10
in th^ case above r =



DI3CRIMIR.V

' i  jh»ni< n.

fitting the5. Find .j o b s  of squares accounted for by

c oefficient from:
N  N  ^  N  N  f _

D = a.— i-2- !* -x :+ x -xTJ 4 If 1mi 1 ^ I 3

6. Compute the Multiple R

he following table7. Complete

HAT 10MEAF SQ
SUMS OF SQUARES

.ttery scores 

distributions

Groups.



ANALYSIS o p OOY^RiAwn?.

The formulae employe* for controlling th. influence of 
education alone, cr age alone,

1. The following quantities are required:

2x3 > r,y a , 2xy, l x , l-j t
for each group separatelv v ilr and for both groups combined,
(x is the education 13r ~ „ 1 l\ « o-un. ...core, or the age score; y i3 the
teat score)

2. Compute the following:

i) ** * y t
Exi Ey i

:ii v”n T'
= V A

3

Dy

-
1

= B, » B a for each group 
separately.

Syt 3 = V C
3

ii) Ixy N ( ^ X ^ ) = A

Exa - K ( i’S). = B for both groups
combined.

£y » . = C

Complete th e f ollowing table:

X SUM OP 
SQUARES

Y SUM OP 
SQUARES

XY SUM OP 
SQUARES

REGRESSION
COEFFICIENTS

RESIDUAL SUMS 
OP SQUARES.

Be twea 
groups

3 (by s£>- 
traction

j»(by sub­
traction

a vby sub- 
1 traction)

b - 
E $

&(by subtrac­
tion)

Within
groups

®1 +Bg Ct +-Ca At ♦Aa
Aj ♦Ajj 

Bi+Ba

(Aj. *a 3 )
Ci+Ca— B7TBa..
--------- ---------------- -

T o t a l : B 0 A
* . A 
*t~ B « - f

p = Number of groups (2 in this oase)

N = Total number of individuals,

b, - the regression of y and x when both groups are ca b i n e d .

b = the pooled regression of y x erences between
a eliminating differences due to real

croup means),
v on x cf the group means 

b = the regression of y on x 
m

( (Ai+A#)®! 1
< Ci + C9 —■
v

B* ♦Ba JN-P--1

is the best estimate of the variance 

of the random fluctuations of test

-fcnut the mean score for eacu scores acoui

educational class.

A-/.
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Apply the following tests;

i. To test for the existence of a regression of y on x- 

Apply the P test to the ratio of

V Ba

and C +C
)* i

't 3 “ B”+B8 N-P-l

with 1 and N-P-l degrees of freedom respectively.

This test? whether the sum of squares accounted for by 

f i tting fc& (i.e. with differences due to real differences 

b e t w e e n  group means eliminated) is significantly different 

from the sum of squares due to deviations from the 

r e g r e s s i o n  line.

ii. To test whether there are significant differences between

group means of y after they have been corrected for the

regre s s i o n  of y on x;

Apply the P tsst to the ratio of

5
p-TT

( V A.>' 1
N-P-land c1 +c3-

B +Bi 3

with P-l and N-P-l degrees of freedom respectively.

This tests whether the variance of the deviatiensof the 

group means from tnr. rsgression line bm and the difference

b e t w e e n  b and b, ar- significantly different from the
a cl

variance of random fluctuations.
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agALYSIS OP COVAPT»nnv,

Copp'i tat Ion for r...vW  t h ^ f.ot. af w , t„. .....|

The "within groups" and "overall"
regression coefficients are

computed and from the* the au* of squares accounted for by 

each set is found. The residual sum* of squares, -within 

groups" and -overall" are found by deduction, and the dif­

ference between these residuals is tested against the "within 

groupo" residual by the usual P test.

The .following quantities are required:

FOR EACH TEST SEPARATELY

I®T , 2E A t ,
St t

» 2*IJIa , n t , SATt

and

e e m * £e k m ’ EAm , EilNM

*TM ’ s t n

, EETt , ET„a

N N 
* M ’ ‘NM

for both groups combinad. 

fcr each group separately,

where IE

LE3

EA

EEA

K

it

sum of Education squares

sum of squared Education scores

sum of Age scores.

sum of Age x Education cross-products 

numberof individuals 

sum of test scores

Subscripts M, NM and T stand for "Mech. ", "Non-Mech.", and 

"Mech. + Non-Mech." respectively.

1, Compute:

Xl =

y. -

rETa
9

’m"
__

-
( E % m ' a

N
Nil

( e a n m ) 9

*y. = sEi-

& y ) 3

NM "NM

( eSm ) ( SAm ) _ ( r % M ^ rANM)

N M 'NM

and

yT

xy-r

= e a t8 -

(e®t)1 

n t

(EAt)1 
N_

(EET)(EAt) 
- E EAq, ” JJm

I
a

|

I
VE,

■1

1
9

■

■

1



3. The regression coefficients are given by the following: 

(a)

Education.'

----- “me J ^

(EAj£)(STjlP

' ' --- ^  J

*>ge t

“**f IETm-——

"xyi - . it „

(b)/..

- - i f  ^  + C  ^

2. Invert the following matriceg:

X I *y»"
a r 4d

XT x y T

x y t r 
* i * y T yT

The inverses are: 

(a) "within groups"

c-nd

(b) "overall"

where Aa = Xly t _ (XJi)

-xv

where = x^yT - xyT)



n

(b) "Ov e r a l l 11

Eduoat i or,:

N n AT_ - (EV (EV1

■xy*
- r r *  °t

A & e  8

V
- x”- r

- i r l rEIT

(£E t )(£T_)

N„ ■J* r:lSiTT -
0 0 ( M , V>T/ ̂ ‘i1 j

-*y*
♦ i ^ . e T

4. The 3umn of squares accounted for by the regression equations

a r e :
(a) "within groupe1

v-

+ Ai P i

(b) "overall'

5. The "residual sum of squares" are computed from: 

(a) "within croups"

'  i f V l . l f a a l i t . ,  .  h,
T ” »K »»M • ‘

j

(b) "overall"

flT, 3 I  "  T

b. The "between groups residual" is computed frort

= R.

B r-T - R1

7. And the t..t ether the t.o „roup8 .till differ

after re.ovlng the ef.eot. of difference. In »„e end edue.tl

distributions is*
which is compare! with the figure given 
in the ? table with 1 and M-k degrees

of freedom.

B N xT~ x — IT
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ANALYSIS OP COVa RT &Wf!T?

8§if«

1, To test the usefulness of including a coefficient for 

age after first taking account of education, take the 

difference between the "within groups residual" in 

the table with education alone - given in the Corarianos 

Analysis on Education and - giver, in the last 

Covariance calculations.

Let this difference be D
M

Then test the ratio

T

with '•■he ? ' ables with 1 and N-4 degrees of fryedo*.

PS

■.

■ mma

■ pi

-

13111
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ANALYSIS OF ^ VARIANCE.

To test the usefulness vf including » coefficient for »Jcb 

e x p e r i e n c e " after fire; accountin* for ,he llirlu,n «  c , 

age and education.

1. Carry out a pivctal condensation Vo obtain the teat 

regression weights.

2. Multiply each set of weights by the corresponding 

criterion correlation. Cali the results R* , ft*, R s

(subscripts S, T and K stand for Screws Test, Tripod 

Teat and Kohs jrilocks Teat respectively).

Co;nput e the Hrcsidual meai* square11 from*

1 - Rs 

N-4

4-. To obtain the regression weights for Ag_ and Education 

alone, oompute:

A = 1 -  r *x BA *

and the matrix

1 " r EA ’ c t4 Cl a
1 A

3

~rEA
u

1 c t . ^ 2  3

- -

5. Carry out ^he matrix multiplications:

Oil Cl  s rES rET rEK Pe s Pe t

0 1S C 8a
X

r r r eAT Par

Each column represents the £ weights for one of the teats 

on Education and Age alone, 

fi. Compute the sum of squares accounted for by fitting 

Education and Age.

*s" = *3E3rES + PASrAS

**■ = ^ETr ET + ^AT1̂ *

s

r k = PEKrJSK + 0AKrAK

7 t * * w f h p r  the inclusion of job experience as an 
7. To test whether sijznificant reduction in the

additional variable ^  sigolflo„ t reduction In
residual sum of squar-s, . p r e d i o t e d

the scatter of the observed value. »bcut the pred

values, compute*

R a « R ,S N - 4Ko “ __  _ v
— i—  * - j»s

and look op in the P 
tables with I and N-4 
degrees of fret-lom.

fm

m m



ANALYSIS o f  ^ V ARIANCE.

computation for controlUr.* the , „ . ot. of both 

Education in the Jot Experience (;roup«.

The "within groups- and "overall- regression coefficients 

are computed and from them the sum of squares accounted 

for by er.ch set is found. The residual sum of squares, 

"within groups," and "overall" are found by deduction, and 

the difference between thf;se residuals is tested against 

the "within groups" residual by the usual P test.

The f o llowing quantities are required:

FOR EACH TEST SEPARATELY

for both groups combined.

ST»

EEt, IAt , EEAt , £TW
X

£E>, £A», Nt, EATt

and

jJij, Z A j, E a

ETj, STj j , ETjjj

where
^E = sum of

2Ea = sum of

2 A = s urn of

EEA * aura of

N = number

2T - suit of

Subaoripts I, 11 and III,

'ori u ujj i. , u > i --- jt

and Job Experience Group I + Group II + Group III respectively.

Group I. S u b j e c t ,  1 t h  Ion* present job experience and lons 

industrial experience, i.e.: a stay of 10 yeara 

or more in the Urban Areas »nd I year, or .ore in

the present job.

Group Subjects 1 t h  short present job

!ong industrial exp.ri.no , 1..e. 

than 1 year in the present job but

I  mL? CssrSyears in the Urban Areas.

Group III, Subjects 1 t h  short present job .xp.rl.nc.

short industrial ^  l M . than .
4n the Dresent jod than 1 year in tne p

ars in the Urban Areas.



2. Compute

3. Invert the following matrices:

The inverses are

within group



h. the regression coefficient, glT,„ iy the fello.la(!,

(a) "within groura"

Education.

1 "i Nn ------- i f ~ J

* U I T - 1
1 Nttt J

y t -xyi
—  o.+----P
A4 A

A i = ___ _______  2  E T

4i (. T
<£ V (*v , j

N.
II III

+ * n
i EAT.

(ZAjK E T j) (EAjjX E T jj) (EAnI)(ETIII)'}

Ni ' N n  " " i n  J

-xyi
a + —  0 

Ax A*

(b) 11 o v e r a l l ' 

Education.

yTf
et - irlZSTT -

(£E.)(ST_)

j - 1? ! eat.
(EAT)(ETr)l

~N j



the sums of squares accounted for ly the regression 
equation are: 6

(a) "within groups".

Si = +

(b) ' erall"

The "residual" sum of squares is computed from:

(a) "within groups"

f- . .  <££.. If liil. s . .
1 T N N N I i i

L  1 *1 1NII TTT j

m

(b) "overall"

f«T * -1 2at n„ j -

The "between groups" residu 1  its compute! froa:

R,B ■i-'r

To test whether the two groups still differ significantly 

after removing the effects of differences in age and 

education distributions is.

r n - 5 which is c°mPared •1* X V is r
R B _____1 given in the F table with 1 and
T~ X R N-if degreeb of freedom.
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