4. COMNMWLTATHM =

L. COHPLCTIO(V

IXABKRLE** GROUP TENT
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A Ccnsideratxon of the appli”“ion of the Bus-Route
Test to F.U.T.C.0. (Public Utility Transport
Corporation - a transport company running a largo

fleet of busses for Africans end employing a bi~
African staff), ? vV *Vf jied to

Vj % S

Cylerln:

supervisory Group

Group of Drivers

Driving Instructors Group
Group of candidate drivers

Group of Ticket Inspectors

o N o o A~ w N
> > > > > > X

mixed groups of clericals,

drivers and supervisors.

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 *-stop 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. Understanding the test instructions.

Al groups unaér§¥gg@ EHS instruction™ without any

L x a.iviififts however, asked
difficulty. A number of *

) ne +ester l-»ediately the tost co».noe«.
questions of the tester
olll,ug abcut the some two

The questions asked were al. Yy

problems, namely:



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

2.  "Hov raTiy bus-rov."ces m Zst 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

3eader””who made a nomrromlse between th, exictlng bad
position and 1 icodt- V.v ay-., i -

route, +c otyvv :je towne---.

In their approach to the task it was observed that

the majority oi subjects to overcome abstract 4ut* ~
gave names to all the towr™V -
TOilwov. o4 4Kl -

It is interesting to nol. bus drivers attempted
whenever possible to cut a v . he number of sharp
turns they had to :usk be. .;xc cf the difficulty of

Inoeuv: Lng busses rem-j —hroads. 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

) _% WA 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 i1v- thia te6t
does net require any BH¥%I%§| exertion - physical

. n sErength seldom occurred,
dominance by reasol o~ Sti -«

iIlity to evoke cooperation, tact, a
B P

m +/,G c-oblom and being aole o0
thorough understanding o

i a
Intelligence, an a



i FtHSSTIESLZ.

deal effectively with criticism, were far more important
than being physically active, stro:ig cxd agile.

In the groups o "served a < "tion and mm
roiv oisv-. in e fi.i. °—id§ﬁ/$ .
was mor® frequent than th  0avy narmed leadership found

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

probably due as much to the more sophisticated typJ of
subjects, as to the test situation. This +T V4~
for as many of the cand? d?+°*

i - i,r- = long service
in secondary industry g

older staff member? lysical handicap due to age are

eliminated.

On a number of occm.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.

tested,involving some 50 odd subjects:

1#  The subjects fully understood the test instruct ons
and the test appeared to hav* 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 client.
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J-ESEARCH PT-"0jgQip
ILA t i n s p N P jj

Co. No.

(i; Ability to express his ideas
(2) Ov-.j.ity of contricutions made
" -~ANce over g™oup
(4) Deference received fron group
(5) Effective criticism of others

(6) Ability to suPpO[t own_conten-
t#ons 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:

= Very poor

= Poor

= Low average
High a\erage
= Very good

a &~ wWw N - O
1

= Superior



groups teatuwi fee subjettta bocanw so
T the t; :x m 4f-o*

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* vie .is tc do a>iy ’\dignif
doer it soil their Cloth
t'oin.T drwtot.a >»

ve Iy aray of thw
consequently. Vi
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N LCOXOH fWQ 3AKKJS TIST;

A nCR-parast.tric te8* ,f the hypothec4 hi* *

) i . lat. 3
>sv iflenti 3&1 again*e th« * —r-<ru —

Exaaple t

Imes each y is greater than re x.

y *2,1, 7, 8

*r 2 b 2
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 & 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 ®agreater than an x ini

1 =U)+2*1*0

2. Jompu'_e a Prr-\ ..where a = r.u»ber of s"s, her**
n = number of v-'s, her m4*

in the case above

u s = = 16,67

Compute E(u) = ~p- ; for thie example E(u) = i0
i u - F.@
3. Find the value cf r - 4
1C - 10

in th® case above r =

l. Look up r in . t«H« of the Ou.ul.tiY. Koro.l Di.tritution,
(... Tof.e U, p-.ee H.Ww. "St.tl.tio.l Tabl,

»,«, l«e) .»4 Tit, do*n th. =orreapor.ding »r_.».»111tT.

t 100, and then subtfaoEL r]from
P = .9929, the answer will

QDS

Ktn,n
5. Multiply the P obtain

i* if
100. For example, 1
be j

100 - 99.29 = =71n



DI3CRIMIR.V

i Jh»ni< n

5. Find jobs of squares accounted for by fitting the

coefficient from:
N N A N N f

D = a.q -2 Mype-Xpi it A X X3

6. Compute the Multiple R

7. Complete he fOIIOWing table

HAT 10
SUMS OF SQUARES MEAF SQ

.ttery scores
distributions
Groups.



ANALYSIS op OOY"MRIAwNn?.

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

1. The following quantities are required:

2x3 > rya, 2xy, Ix, Ijt

for each group separatelv and for Hoth groups combined,

(x Is the educatyof Booe op tle age score; y i3 the
teat score)

2. Compute the following:

Exi Eyi
) e S "V oA
= B, » g Tor each group
Dy separately.
Syt3 L = V C3
i) Ixy N(AXAN) = A
Exa - K(i 3). = B for both groups
combined.
£y » . =C

Complete the following table:

X SUM OP Y SUM OP XY SUM OP REGRESSION RESIDUAL SUMS
SQUARES SQUARES  SQUARES COEFFICIENTS OP SQUARES.

Be twea 3 (by se> j»(by sub- avby sub- &(by subtrac-
groups traction tractionltraction) E $ tion)
Aj *Ad . (@-*a3)
Within @1 +Bg Ct+Ca At ¢Aa Bi+Ba Ci+Ca- B7TBa..
groups - -
* A

Total: B 0 A xt~ 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 cabined.
b = the pooled regression of y X erences between

a eliminating differences due to real

croup means),

b = the regression of y 9 ¥ ¢ the group means

Sé_ (Ai+AHe! 1 is the best estimate of the variance
+ —
B* ¢Ba JN-P--1 of the random fluctuations of test
scores é@HWf the mean score for eacu

educational class.

A
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Apply the following tests;

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”’+BS8 N-P-1

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

This test? whether the sum of squares accounted for by
fitting f& (i.e. with differences due to real differences
between group means eliminated) 1is significantly different
from the sum of squares due to deviations from the
regression line.

To test whether there are significant differences between
group means of y after they have been corrected for the
regression of y on x;

Apply the P tsst to the ratio of

5
p-TT

(VA>T 1

and cl+c3-
Bi+BS N-P-1

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

This tests whether the variance of the deviatiensof the
group means from tw. rsgression line bm and the difference
between ba and b, ar- significantly different from the

d
variance of random fluctuations.
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agALYSIS OP COVAPT»nnv,

Copp"itatlon for r...vW t h ~ f.ot. af w , t,.  ..... |

The "within groups”"™ and "overall"” ; -
g P regression coefficients are

computed and from the* the au* of squares accounted for by
each set 1is found. The residual sum* of squares, -within
groups”™ and -overall™ are found by deduction, and the dif-

ference between these residuals 1is tested against the "within
groupo™ residual by the usual P test.

The .following quantities are required:
FOR EACH TEST SEPARATELY

18T, 2EAT, o for both groups combinad.
» 2Jla, nt, SATt, EETt, ET,a
and
cen * £eknm = EAD . GiINM * NM ’NNM fcr each group separately,
*TM » Stn
where IE sum of Education squares
LE3 sum of squared Education scores
EA sum of Age scores.
EEA sum of Age x Education cross-products
K numberof individuals
it sum of test scores
Subscripts M, NM and T stand for "Mech. ", "Non-Mech."™, and
"Mech. + Non-Mech."™ respectively. I
a
1, Compute:
9 E%m'
XI = rETa =, - (Epme
Nil
& y )3 teanmo e
y- - NM "N
(eSm) (SAn) _ (r%M~" rANM)
*y - SE_ NM -NM
and (e®t)1
nt
(EAt)1
yT = ealB - N
(EET) (EAL)

Xy_r _ Equ, >3 m

~ g B ™



2. Invert the following matriceg:

X1 *y»u )(T -

ardd
Xyt r

*i YT yT

The inverses are:
(a) "within groups"”

where Aa = Xlyt _ (XJi)

cd
(b) "overall”

-XV

where = xXMyT - xyT)

3. The regression coefficients are given by the following:
@
Education.” i )
GIEYSTP

“*FIETm—

)/..



(b) "Overalll

Eduoat ior,:

un - B (B/1

- rr* %t
-X?2r (EEt)(ET_) O&WM 11\/1j
V -irlrEIT N,  m#roISiTT -

y*

¢ iN.eT

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

are: -
(a) "within groupel

+ AiPi

(b) "overall”

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

(a) "within croups”

' ifv I.Ifaalit., . h,
T 7?7 »K »»M e “
(b) "overall”
fIT, 5 = Re

b. The "between groups residual™ is computed frort

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

T~ % - 0T of freedom.



- 215 -

88if«

ANALYSIS OP COVaRT &WAT?

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

Then test the ratio

T

with "-ske ? "ables with 1 and N-4 degrees of fryedo*.

mna

13111

PS
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ANALYSIS OF ~ VARIANCE.

To test the usefulness vf including » coefficient for »Jcb
experience”™ after fire; accountin* for ,he Ilirlu,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*, Rs
(subscripts S, T and K stand for Screws Test, Tripod
Teat and Kohs jrilocks Teat respectively).

Co;npute the Hrcsidual meai* squarell from*

1-Rs
N-4

4. To obtain the regression weights for Ag_ and Education
alone, oompute:

A= - Bp *

1 "rEA " cta Cla
. 1 A
and the matrix 3
~rEA
u 1 ct ~2 3

5. Carry out “he matrix multiplications:

oil Cls rEs reT rekK Pes Pet

01s C8a 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.

w = =®RE3rges + PASTrAS

*s
wgm = CETFET *+ 7"ATEY
S
. = pEKrJx ‘+ OAKrAK
7 t * * wfhpr the inclusion of job experience as an
7. To test whether sijznificant reduction in the
additional variable N sigolflo,, t reduction In
residual sum of squar-s, . predioted

the scatter of the observed value. »bcut the pred

values, compute* and look op in the P
tables with 1 and N-4
Rg «R .S N - 4 Y, degrees of fret-lom.
- F - J»s

mm

m



ANALYSIS of ~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 following quantities are required:

FOR EACH TEST SEPARATELY

EEt, IAt, EEAL, £T for both groups combined.
£E>, £A», Nt, EATt ST»

and

Hij, ZAj, Ea

ETi, STij, ETiji

where
N = sum of
2Ea = sum of
2A = sum of
EEA * aura of
N = number
2T - suit of

Subaoripts I, 11 and 111,

wmuyjj i, u> i —p
and Job Experience Group | + Group Il + Group Ill respectively.

Group I. subject, 1th lon* present job experience and lons
industrial experience, 1i.e.: a stay of 10 yeara

or more 1in the Urban Areas »nd 1 year, or .ore in
the present job.

Group Subjects 1th short present job
Tong industrial exp.ri.no , l.e.
than 1 year 1in the present job but

years 1in the Urban Areas. b “;3
Group Ill, Subjects 1th short present job .xp.rl.nc.

short industrial . A~ I M. than
than 1 year fﬂ Iﬁg Present JOd

ars 1N the Urban Areas.



2. Compute

3. Invert the following matrices:

The inverses are

within group



h. the regression coefficient, glT,,, iy the fello.la(l,

(a) "within groura”

Education.
1 "1
* UIlT -
1
¢ .
yt  ooig
A4 A
A= 4 ¢’ r N
1EAT.
+ *n
as - o
AX

(b) lZoverall"

Education.
ny (EE.)(ST))
et - irlzsTT -

Nn I N

[

Nttt

<V (v, ]
11 11

(ZAJKETj§)  (EAIXETii)  (EAnD(ETHI)D
Ni . Nn " "in J

(EAT)(ETN)I
j _ 12| eat. <N |



the sums of squares accounted for ly the re%ression
equation are:

(&) "within groups".
St = +

(b) * erall”

The "residual™ sum of squares 1is computed from:

m

(a) "within groups”
f-_. <££.. Ifliil, S . ..
LT Qg it Nppp b '

(b) "overall™

I&q-t*_ N, |

The "between groups" residu 1 its compute! froa:
Rg L}

To test whether the two groups still differ significantly
after removing the effects of differences in age and

education distributions Iis.

kg N -5 which is gaParedo Lt M LST

X R N-if degreeb of freedom.
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1. h" 1M 6 at th* rtquMt of tha Tt«imml CMahar of MInaa »ad
Aseoolstod IH««1l CofMIM, ttaohtlwl bttltoto far Poraonaal
voooaroh donrlaod « battary of nlno toots to olaocoiiy K& Um

Mine labour into broad occupational RTowpa.

3. Tbo Iwirl Adapta.b<lity Toot Bottory o«s»truotod for thla
purpaoe prorod a Not aatlafWotury oloooiflootory derioo

Kino Ubour>*

*> the prooont atudy oonaidara tho uoo of thl* battary tmr Afrloan

Hlootia in a now flald - auoly. far aocooadary ftaduatrlal

oolootion*

I, Qroot difforanoea In a”a and education exist within tho AfiriM
oooondory industrial population so tho infloonoo of

ao toot performnoe woo oloo atudiod*

5. Thr toata wwro appliod to two aa”pleat
a) an industrial awgjlt of 1000 aubjaota

b) a aehool aa>*>la of tOCO nub>cta.

Tho industrial aawpla waa olaosiflod on tho basis of a jot aoftlyala
oritorion intoi
a) Maobanloal worhoro

b) Bon-Moohealoal warbars.

T* Roowlto ahow that sa a rroup Maofat-aioal worhoro da aifniflnartly

bottar an tha toots than Meohnnloal worhsra

8* A oonaidorablo oaerlap on all toot aooros oxlata

groupo hoaoTar.

»e  Tho toot battory haa a 61* disoriwlnatlve ability

two grougpo in aooondary indnetry.

10*  Education asarta a significant inflnonoo an
. la aocaon of tha taata education is not tho differentiating

tha toot oooroa of tho taao rroupa of
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11.

ft* f ttwy ftawtlaas to n m oxtont os s tost of

e alptIfIMt UIThWBM 0D tMt w«rMt

Qb wmm of tin twoto toH*th* «la difffarantlstfc«

of

Langth of job oxperlsno* oaorts * signiflosat Infin—oo «

As « | rar boys do bottor oe tho toots tbnn girls

Sovon of tbs nlas toots diffOro- clsto algnifiooatly
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