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Technology 

I n these days of large scale research and development, most I n ­

v e s t i g a t i o n s are conducted by teams of s c i e n t i s t s or engineers. I t 

seems a reasonable assumption t h a t the supervisors of these groups 

might a f f e c t t h e i r subordinates 1 performance. 

For example, a supervisor might make a t e c h n i c a l c o n t r i b u t i o n 

through s k i l l f u l s e l e c t i o n of important but solvable problems, through 

h i s own a b i l i t y to solve a problem, or through guiding subordinates 

toward a s o l u t i o n . I n a d d i t i o n , a supervisor might a f f e c t performance 

by a l t e r i n g the climate w i t h i n h i s group. He might i n s p i r e sub­

ordinates t o high achievement, p r o t e c t them from d e b i l i t a t i n g outside 

pressures, or s t r u c t u r e the group so subordinates s t i m u l a t e one 

another. 

Despite the reasonableness and p o t e n t i a l usefulness of these hy­

potheses, they have not been w e l l t e s t e d w i t h respect t o s c i e n t i s t s . 

This paper r e p o r t s r e s u l t s of two analyses e x p l o r i n g the r e l a t i o n ­

ship between supervisory p r a c t i c e s and s c i e n t i f i c performance. F i r s t 

does the team or supervisory group a s c i e n t i s t i s i n matter a t a l l ? 

I . e . , what q u a l i t i e s of s c i e n t i f i c performance, i f any vary w i t h team 

membership? Second, i f performance does vary from team t o team,. i s 

t h i s r e l a t e d to pr a c t i c e s employed by the supervisor? 

Source of the data 

The study was conducted i n a NASA research center and focussed on 

94 non-supervisory s c i e n t i s t s who comprised 21 small teams. These men 



were engaged i n e x p l o r i n g the e f f e c t s of extreme physical c o n d i t i o n s 

on various m a t e r i a l s . The number of s c i e n t i s t s i n each team, not 

counting the supervisor, ranged from 1 to 11 (median*5). Each team 

had i t s own supervisor and was a reasonably s t a b l e e n t i t y ( t w o - t h i r d s 

of the non-supervisors had worked under t h e i r present c h i e f f o r at 

l e a s t two ye a r s ) , 

Performance and the supervisory group 

Measures of performance 

Data were obtained about each non-supervisor's performance. The 

non-supervisors themselves provided i n f o r m a t i o n about t h e i r output of 

(a) t e c h n i c a l r e p o r t s (over the past f i v e y e a r s ) . Also, four q u a l i t i e s 

of each man's performance were judged by other professionals w i t h i n h i s 

l a b . The q u a l i t i e s were: 

b. Innovation -- the extent the man's work had "increased knowledge 
i n h i s f i e l d through l i n e s of research or development which were 
u s e f u l and new." 

c. Productiveness -- the extent the man's work had "increased 
knowledge i n h i s f i e l d along e s t a b l i s h e d l i n e s of research 
or development or as extensions or refinements of previous 
l i n e s . " 

d. C o n t r i b u t i o n . — the extent the man's work had " c o n t r i b u t e d 
to general t e c h n i c a l or s c i e n t i f i c knowledge i n h i s f i e l d . " 

e. Usefulness -- the extent the man's work had been " u s e f u l or 
valuable i n h e l p i n g h i s R & D o r g a n i z a t i o n carry out i t s 
r e s p o n s i b i l i t i e s . " 

These q u a l i t i e s were independently assessed by an average of 4.4 

judges, each of whom claimed t o be f a m i l i a r w i t h the man's work. Two-

t h i r d s of the judges were supervisors (the man's own c h i e f might be 

among them), o n e - t h i r d were s e n i o r - l e v e l non-supervisors. Since the 

judges showed reasonably good agreement (median gamma f o r 21 p a i r s 
o 

o f judges s ,8 on the q u a l i t y of in n o v a t i o n ) , t h e i r evaluations were 
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combined i n t o a s i n g l e p e r c e n t i l e score (on each q u a l i t y ) f o r each 

respondent* 

As i s u s u a l l y found f o r s c i e n t i s t s and engineers, these performance 

measures v a r i e d according t o the respondent's length of experience, 

s e n i o r i t y , and formal t r a i n i n g (Pelz and Andrews, 1967). Since these 

e f f e c t s could inask r e l a t i o n s h i p s between supervisory p r a c t i c e s and 

performance, a l l performance measures were adjusted by adding or sub-
3 

t r a c t i n g appropriate constants t o remove such background e f f e c t s . 

Thus the f i n a l performance measures f o r i n d i v i d u a l s expressed how 

w e l l or poorly each person performed r e l a t i v e to others w i t h s i m i l a r 

experience, s e n i o r i t y , and t r a i n i n g . 

The i n t e r r e l a t i o n s h i p s among these various c r i t e r i a of performance 

were about as expected. A l l evaluations were s u b s t a n t i a l l y , r e l a t e d t o 

one another ( c o r r e l a t i o n s ranged>.*7 to . 8 ) , w i t h i n n o v a t i o n being least 

s i m i l a r t o the othe r s . The o b j e c t i v e measure, output of r e p o r t s , was 

p o s i t i v e l y r e l a t e d t o each of the evaluations ( c o r r e l a t i o n s were a l l 

about . 4 ) , w i t h the r e l a t i o n s h i p t o evaluated productiveness being 

s l i g h t l y stronger than t o the other c r i t e r i a . 

Was performance r e l a t e d to team membership? 

To f i n d out whether performance was. r e l a t e d t o teagi membership, the 

s c i e n t i s t s were c l a s s i f i e d according t o supervisory groups, and a one­

way analysis of variance was c a r r i e d out f o r each performance measure. 

There was c l e a r evidence t h a t there were d i f f e r e n c e s i n subordin­

ates' innovation t h a t were r e l a t e d t o team membership. Differences i n 

in n o v a t i o n between s c i e n t i s t s i n d i f f e r e n t supervisory groups were 

markedly greater than d i f f e r e n c e s between s c i e n t i s t s w i t h i n the same 

group (F» 1.89). S u r p r i s i n g l y , there was no evidence t h a t d i f f e r e n c es 
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l n the other performance measures were r e l a t e d to team membership! 

(The d i f f e r e n c e s between groups were no greater than the d i f f e r e n c e s 

w i t h i n them a l l F's^.1,00.) 

The f i r s t f i n d i n g , i f r e p l i c a t e d i n subsequent s t u d i e s , may be of 

considerable importance. I t says t h a t a s c i e n t i s t ' s i n n o v a t i o n v a r i e d 

according to the p a r t i c u l a r supervisory group of which he was a mamber. 

The second f i n d i n g — t h a t several measures of performance seemed 

not t o be a f f e c t e d by team-related phenomena — i s not s u b j e c t ^ c l e a r i n ­

t e r p r e t a t i o n . Possibly there simply were no e f f e c t s . However, a more 

l i k e i y a l t e r n a t i v e i s t h a t complex i n t e r a c t i o n s cancelled put any 

general e f f e c t s . For example, a supervisor who tended to act i n a 

c e r t a i n way may have enhanced . the performance of some subordinates, 

but lowered the performance of others. More data than were a v a i l a b l e 

i n the present study would be needed to adequately explore these pos­

s i b i l i t i e s . 

I n n ovation and supervisory p r a c t i c e s 

The f i n d i n g t h a t i n n o v a t i o n v a r i e d s y s t e m a t i c a l l y between super­

v i s o r y groups c a l l e d f o r a d d i t i o n a l a n a l y s i s . Gould the supervisors 

have accounted, at l e a s t i n p a r t , f o r d i f f e r e n c e s i n subordinates' i n ­

novation? I f so, what d i s t i n g u i s h e d the supervisors o f more innovative 

groups from supervisors of less i n n o v a t i v e groups? 

To answer these questions ten d i f f e r e n t measures of supervisory 

behavior were r e l a t e d to group-wide i n n o v a t i o n . As w i l l be evident, 

various combinations of supervisory behavior were examined i n a d d i t i o n 

to the t e n simple "zero order" r e l a t i o n s h i p s . 
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Measurement of group i n n o v a t i o n 

An innovation score f o r each group was computed by averaging the 

(adjusted) i n n o v a t i o n scores of i t s members. (Recall t h a t each member's 

score was i t s e l f based on several independent assessments of h i s i n ­

novation.) 

Measures of supervisory behavior 

Each non-supervisor had answered a lengthy questionnaire which 

included 36 items i n q u i r i n g about the respondent's immediate c h i e f . 

These items asked about a wide v a r i e t y of supervisory p r a c t i c e s sug­

gested by previous research or theory. Most items consisted of a simple 

d e s c r i p t i v e statement (e.g., my supervisor "tends to leave me p r e t t y 

much on my own"), and the respondent i n d i c a t e d how c l o s e l y i t described 

h i s supervisor. 

An examination o f the i n t e r r e l a t i o n s h i p s among these 36 items showed 

they could be reduced to a smaller number of measures. The 10 measures 

shown i n E x h i b i t 1 seemed tKemost e f f i c i e n t way of tapping the various 

aspects of the o r i g i n a l items. 

E x h i b i t 1 here 

The 10 measures were derived w i t h the help of a Guttman-Lingoes 

Smallest Space Analysis (Guttman, 1967; Lingoes, 1965). For readers not 

f a m i l i a r w i t h t h i s techniques i t can be considered as a means of ob­

t a i n i n g oblique f a c t o r s from a non-metric f a c t o r a n a l y s i s . The r e s u l t i n g 

measures, of course, were themselves somewhat i n t e r r e l a t e d (as discussed 

below), but were thought to be superior t o what would have r e s u l t e d from 

a conventional orthogonal f a c t o r a n a l y s i s , since they more c l o s e l y mirrored 

the a c t u a l nature of the data. 
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Measures A, B, and C a l l concerned task f u n c t i o n s of the supervisor 

-- h i s t e c h n i c a l competence, e f f e c t i v e n e s s a t c r i t i c a l e v a l u a t i o n , and 

infl u e n c e i n choosing goals and o b j e c t i v e s . 

Measures D, E, and F concerned r e l a t i o n s between the supervisor, 

and h i s subordinates, i n c l u d i n g several p r a c t i c e s emphasized by 

w r i t e r s such as L i k e r t (1961), McGregor (I960) and Bennis (1964). 

Measure D was constructed from f i v e h i g h l y r e l a t e d items, a l l of 

which d e a l t w i t h the ef f e c t i v e n e s s of the supervisor at m o t i v a t i n g 

others and g e t t i n g them t o work w e l l together. Measures E and F 

concerned the supervisor's e f f e c t i v e n e s s at communicating w i t h people, 

and h i s s e n s i t i v i t y t o d i f f e r e n c e s between them, r e s p e c t i v e l y . 

Measures G and H were both concerned w i t h a d m i n i s t r a t i v e functions 

of the supervisor -- h i s e f f e c t i v e n e s s a t planning and scheduling, 

and at handling Inter-group r e l a t i o n s . A d m i n i s t r a t i v e s k i l l was one 

of the key f a c t o r s i n Mann1s c o n c e p t u a l i z a t i o n of supervisory " s k i l l 

mix" (Mann, 1965). (Other f a c t o r s stressed by Mann were t e c h n i c a l 

s k i l l s and human r e l a t i o n s s k i l l s , and are separately included i n the 

data -- see above.) 

And l a s t , two measures of supervisory " s t y l e " emerged i n the data. 

Measure I concerned the extent the supervisor consulted others before 

making important d e c i s i o n . Subordinate p a r t i c i p a t i o n I n decision­

making i s an important f e a t u r e of L i k e r t ' s t h e o r i z i n g (op. ci£.).^ 

A second " s t y l e " measure, J, considered the extent of freedom allowed 

subordinates by t h e i r supervisor. The t o p i c of freedom i n science has 

received considerable debate and some e m p i r i c a l i n v e s t i g a t i o n (see Pelz, 

1964; Pelz and Andrews, 1966). Conceptually freedom i s r e l a t e d t o the 

often-discussed dimension of close-vs-general supervision. 
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As has been pointed out, these 10 measures o f supervisory behavior 

were s i m i l a r t o dimensions discussed by various previous i n v e s t i g a t o r s . 

Of course, t h e i r work suggested many of the 36 items included i n the 

present study, but there was no requirement t h a t the items would c l u s t e r 

together i n the meaningful categories which were a c t u a l l y obtained. The 

f a c t t h a t they d i d so i s i t s e l f an i n t e r e s t i n g f i n d i n g and suggest t h a t 

a r e p l i c a b l e set of concepts f o r d e s c r i b i n g supervisors i s becoming 

a v a i l a b l e . 

The 10 measures of supervisory behavior i n d i c a t e d how each non-

supervisor perceived h i s p a r t i c u l a r c h i e f . For these scores t o be use­

f u l , they should meet two c o n d i t i o n s . F i r s t , there should be some 

evidence of r e l i a b i l i t y i . e . , perceptions of non-supervisors who 

described the same c h i e f should be more s i m i l a r than those d e s c r i b i n g 

d i f f e r e n t c h i e f s . Second, there should be evidence t h a t the c h i e f s 

themselves behaved d i f f e r e n t l y . A one-way analysis of variance per­

formed on each of the 10 measures showed t h a t these c o n d i t i o n s were 

met. On each measure, d e s c r i p t i o n s of c h i e f s d i f f e r e d from team t o 

team, and the d i f f e r e n c e s w i t h i n teams were less than the d i f f e r e n c e s 

between them. ( A l l F's > 1.00, median F = 2.02. Of necessity, three 

teams c o n t a i n i n g j u s t one non-supervisor were omitted from t h i s p a r t i c u l a r 

a n alysis.) 

Group scores. Answers from a l l non-supervisors under a p a r t i c u l a r 

c h i e f were averaged i n t o a s i n g l e score (on each of the 10 measures)."* 

Thus each supervisor was described i n terms of what was common among 

the perceptions of h i s subordinates, thereby reducing the e f f e c t s o f 

id i o s y n c r a c i e s of a p a r t i c u l a r i n d i v i d u a l ' s perception, or s p e c i a l 

features of the r e l a t i o n s h i p between a p a r t i c u l a r subordinate and h i s 

c h i e f . 
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The i n t e r r e l a t i o n s h i p s among these group scores are shown i n 

E x h i b i t 2, One can see t h a t most of the measures which seemed conceptual 

E x h i b i t 2 here 

r e l a t e d -- task f u n c t i o n s , human r e l a t i o n s f u n c t i o n s , etc, d i d tend 

to r e l a t e p o s i t i v e l y t o each other. 

E x h i b i t 2 contains two other i n t e r e s t i n g f i n d i n g s . Although 

Measure B, e f f e c t i v e n e s s at c r i t i c a l e v a l u a t i o n , seemed to have a 

task content and d i d r e l a t e to one o f the other task items, Measure B 

r e l a t e d even more s t r o n g l y to several measures i n the human r e l a t i o n s 

and a d m i n i s t r a t i v e areas. Apparently among these supervisors, the 

successful exercise of c r i t i c a l e v a l u a t i o n was not s o l e l y a task 

f u n c t i o n . S i m i l a r l y , the supervisor's a d m i n i s t r a t i v e s k i l l a t handling 

r e l a t i o n s between h i s group and other groups was s u b s t a n t i a l l y r e l a t e d 

to h i s s k i l l s i n the human r e l a t i o n s area. 

While i n t e r r e l a t i o n s h i p s among s k i l l s i n various areas might 

suggest t h a t c l a s s i f i c a t i o n i n t o three f u n c t i o n a l areas was not use­

f u l , one should reserve judgment on t h i s matter. Data presented i n 

E x h i b i t 3 w i l l show t h a t s k i l l s i n the same area r e l a t e d to performance 

l n s i m i l a r ways, but t h a t s k i l l s i n d i f f e r e n t areas r e l a t e d d i f f e r e n t l y . 

On t h i s c r i t e r i o n , the present c l a s s i f i c a t i o n was indeed u s e f u l . Also, 

i t should be noted t h a t Mann (1965) found t h a t r e l a t i o n s h i p s between 

s k i l l s i n the various areas v a r i e d markedly i n d i f f e r e n t kinds o f organ­

i z a t i o n s and f o r workers at d i f f e r e n t l e v e l s i n the h i e r a r c h y . This 

suggests t h a t r e l a t i o n s h i p s shown i n E x h i b i t 2 should be viewed w i t h 

c a u t i o n u n t i l f u r t h e r studies can assess t h e i r representativeness. 
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Relationships of supervisory behavior t o in n o v a t i o n 

E x h i b i t 3 shows how each of the 10 aspects of supervisory behavior, 

as perceived by the supervisor's own group of subordinates, r e l a t e d t o 

average i n n o v a t i o n i n h i s team. I n the l i g h t of previous research and 

theory, some of these r e l a t i o n s h i p s were s u r p r i s i n g , but discussion i s 

w i t h h e l d f o r a l a t e r s e c t i o n . 

E x h i b i t 3 here 

With respect t o task f u n c t i o n s , a reasonably c o n s i s t e n t p o s i t i v e 

t r e n d appeared. Supervisors who were perceived as being s k i l l e d or 

i n f l u e n t i a l I n the task area tended t o have subordinates whose work 

was judged as more innovat i v e than supervisors who were less e f f e c t i v e 

i n t h i s area. The tren d f o r Measure A, t e c h n i c a l s k i l l s , - w a s sharpest. 

Those f o r c r i t i c a l e v a l u a t i o n and i n f l u e n c e on goals were I n the 

same d i r e c t i o n but weaker. 

I n the human r e l a t i o n s area, only one of the three measures 

showed any s u b s t a n t i a l r e l a t i o n s h i p t o in n o v a t i o n . There was, how­

ever, a c o n s i s t e n t , and unexpected, tendency f o r supervisors scoring 

highest on human r e l a t i o n s t o have the l e a s t i n n o v a t i v e subordinates! 

Highest i n n o v a t i o n tended t o occur under supervisors who scored mod­

erate on human r e l a t i o n s . This f i n d i n g i s d i f f e r e n t from what has 

o f t e n been found f o r non-professional workers ( L i k e r t , 1961, provides 

a summary). 

The two measures concerned w i t h the supervisor's a d m i n i s t r a t i v e 

f u n c t i o n s showed c o n s i s t e n t , and again s u r p r i s i n g , r e l a t i o n s h i p s w i t h 

subordinates' i n n o v a t i o n . The more e f f e c t i v e the supervisor was at 

a d m i n i s t r a t i o n , the lower the judged i n n o v a t i o n o f h i s group! For 

Measure I , s k i l l a t handling i n t e r - g r o u p r e l a t i o n s h i p s , t h i s trend was 
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s u b s t a n t i a l . Measure H, e f f e c t i v e n e s s a t planning and scheduling, 

showed the same tren d i n weaker form. Although o r g a n i z a t i o n a l scholars 

have gen e r a l l y assumed t h a t the exercise o f a d m i n i s t r a t i v e f u n c t i o n s 

would enhance a group"s performance, t h i s was c l e a r l y not the case f o r 

i n n o v a t i o n by these s c i e n t i s t s . 

F i n a l l y , the two measures of leadership s t y l e , use of c o n s u l t a t i o n 

and p r o v i s i o n of freedom, showed moderate r e l a t i o n s h i p s to i n n o v a t i o n . 

For both measures, i n n o v a t i o n was higher when supervisors scored e i t h e r 

high or low than i f they scored i n the middle. Further a n a l y s i s , d i s ­

cussed i n the next s e c t i o n , c l a r i f i e d the meaning of these trends. 

Thus E x h i b i t 3 suggests t h a t i n n o v a t i o n f l o u r i s h e d under super­

v i s o r s who were e f f e c t i v e at task f u n c t i o n s . But human r e l a t i o n s and 

a d m i n i s t r a t i v e f u n c t i o n s were not p o s i t i v e l y r e l a t e d to i n n o v a t i o n — 

i n f a c t , r e l a t i o n s h i p s tended to be c u r v i l i n e a r and/or negative. 

Combinations of supervisory p r a c t i c e s 

I n a d d i t i o n t o examining the simple r e l a t i o n s h i p s between each 

supervisory f u n c t i o n and subordinates' i n n o v a t i o n (shown i n E x h i b i t 

3 ) , r e l a t i o n s h i p s i n v o l v i n g a l l possible p a i r s of supervisory practices 

were also examined. 

Freedom. E x h i b i t 3 showed a c u r v i l i n e a r , though generally p o s i t i v e 

r e l a t i o n s h i p between a supervisor's p r o v i s i o n of freedom and subordinates' 

i n n o v a t i o n . The meaning of t h i s r e l a t i o n s h i p became c l e a r e r when 

several other supervisory p r a c t i c e s were considered i n combination w i t h 

freedom. Results appear i n E x h i b i t 4. 

E x h i b i t 4 here 

Note t h a t p r o v i s i o n of freedom showed s u b s t a n t i a l p o s i t i v e r e l a t i o n ­

ships w i t h i n n o v a t i o n i n teams headed by supervisors who scored low on 
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task f u n c t i o n s (Measures A and B), low on human r e l a t i o n s f u n c t i o n s 

(Measures D, E, and F ) , or low on a d m i n i s t r a t i v e f u n c t i o n s (Measure 

11) . But i n teams headed by supervisors who were e f f e c t i v e i n these 

areas, p r o v i s i o n o f freedom mattered l e s s , and sometimes even r e l a t e d 

n e g a t i v e l y . 

This f i n d i n g made good.sense, and suggests t h a t p r o v i s i o n of 

freedom was a s u b s t i t u t e f o r s k i l l f u l l eadership! I n teams headed by 

less s k i l l f u l leaders, i n n o v a t i o n was h i g h i f subordinates were given 

freedom to explore on t h e i r own. But less s k i l l f u l leadership combined 
6 

w i t h lack o f freedom was associated w i t h less i n n o v a t i v e work. . 

Consistency i n leadership p r a c t i c e s . Other p a r t i c u l a r l y i n t e r e s t i n g 
i . • 

sets o f r e l a t i o n s h i p s suggested t h a t there were c e r t a i n combinations of 

leadership p r a c t i c e s which should occur together.:. 

For example, c r i t i c a l e v a l u a t i o n went w i t h i n n o v a t i o n i f the 

supervisor was t e c h n i c a l l y s k i l l e d ( r . r f , 5 f o r supervisors w i t h high 

t e c h n i c a l s k i l l s -- no t a b l e shown). But i n n o v a t i o n was low when 

supervisors low i n t e c h n i c a l s k i l l s attempted t o evaluate subordinates' 

work ( r — "".5). Thus the r e l a t i o n s h i p between c r i t i c a l e v a l u a t i o n 

and i n n o v a t i o n depended on the supervisor's t e c h n i c a l s k i l l . Exercise 

of c r i t i c a l e v a l u a t i o n needed to be c o n s i s t e n t w i t h possession of 

adequate t e c h n i c a l s k i l l , 

A second example of the need f o r consistency occured when the 

p r a c t i c e s o f p r o v i d i n g freedom and of c o n s u l t i n g others were examined. 

Freedom was u n r e l a t e d to i n n o v a t i o n i f the supervisor f a i l e d t o precede 

h i s own decision-making by some c o n s u l t a t i o n w i t h others. But the r e l a t i o n ­

ship was s u b s t a n t i a l i f freedom f o r subordinates was combined w i t h a chance 

to i n f l u e n c e decisions being made by the supervisor. (Among supervisors 
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making use of c o n s u l t a t i o n , r ^ - f . 7 , but f o r supervisors making l i t t l e 

use of c o n s u l t a t i o n r = 1 --no t a b l e shown.) This also seemed 

i n t u i t i v e l y reasonable. 

A d m i n i s t r a t i v e f u n c t i o n s . I t has g e n e r a l l y been assumed t h a t the 

s k i l l f u l exercise o f a d m i n i s t r a t i v e f u n c t i o n s would r e s u l t i n high per­

formance. Yet E x h i b i t 3 provided s u r p r i s i n g negative r e l a t i o n s h i p s — 

e x a c t l y Opposite to the usual assumption. 

E x h i b i t 5 provides f u r t h e r i n f o r m a t i o n and shows t h a t the neg­

a t i v e r e l a t i o n s h i p s occured mainly f o r supervisors who scored h i g h i n 

the human r e l a t i o n s area. 

E x h i b i t 5 here 

Among supervisors who were s k i l l e d at m o t i v a t i n g others, e f f e c t i v e at 

l e t t i n g others know where they stood, and s e n s i t i v e to d i f f e r e n c e s be^ 

tween people, a d m i n i s t r a t i v e f u n c t i o n i n g seemed incompatible w i t h 

i n n o v a t i o n . The highest i n n o v a t i o n occurred under supervisors who 

were seen as r e l a t i v e l y poor a d m i n i s t r a t o r s ; low i n n o v a t i o n occurred 

under good a d m i n i s t r a t o r s I (Note t h a t f i v e out of s i x c o r r e l a t i o n s were 

s t r o n g l y negative.) But among supervisors who scored low on human 

r e l a t i o n s , a d m i n i s t r a t i o n was only weakly r e l a t e d t o i n n o v a t i o n . 

Task and human r e l a t i o n s s k i l l s . I n a d d i t i o n t o the combinations 

of p r a c t i c e s already described, a c a r e f u l examination was made of various 

s k i l l s i n the task and human r e l a t i o n s areas. Blake and Mouton (1964) 

have suggested t h a t r e l a t i o n s h i p s between s k i l l s i n one area and productiv­

i t y should be e s p e c i a l l y strong when s k i l l s i n the other area are also 

present. Oaklander and Fleishman (1965^ Kahn (1956), and many others 

have also suggested the same idea. There was no evidence, however, that 

such a phenomenon occurred f o r these s c i e n t i s t s . Whether the supervisor 
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was s k i l l e d i n the human r e l a t i o n s area had l i t t l e e f f e c t on the gen­

e r a l l y p o s i t i v e r e l a t i o n s h i p s between task f u n c t i o n i n g and inno v a t i o n . 

S i m i l a r l y , s k i l l s i n the task area d i d not a f f e c t r e l a t i o n s h i p s between 

human r e l a t i o n s f u n c t i o n s and in n o v a t i o n . 

Discussion 

This paper set out to explore r e l a t i o n s h i p s between supervisory 

p r a c t i c e s and s c i e n t i f i c performance. A key p r e l i m i n a r y question was 

whether the supervisor mattered at a l l . When performance was measured 

i n terms o f in n o v a t i o n , the answer was "yes": systematic d i f f e r e n c e s 

between supervisory groups were c l e a r l y evident. Furthermore, these 

d i f f e r e n c e s were r e l a t e d t o supervisory p r a c t i c e s . 

Thus w h i l e f i r m statements of cause and e f f e c t are not appropriate 

w i t h these data, the f i n d i n g s do suggest t h a t the supervisor may play 

an important r o l e i n enhancing or depressing innovation.'' For several 

other aspects of performance, however, there was no evidence t h a t the 

supervisor had a group-wide e f f e c t . Possible reasons f o r t h i s have 

already been presented. 

When s p e c i f i c supervisory p r a c t i c e s were examined, the data pre­

sented two surpr i s e s and also some p o t e n t i a l l y u s e f u l f i n d i n g s . The 

surprises are discussed here; the i m p l i c a t i o n s , l n the next section. 

Surprise # 1 . One surprise was t h a t none of the several measures 

of supervisory s k i l l i n the human r e l a t i o n s area r e l a t e d to in n o v a t i o n . 

O r g a n i z a t i o n a l scholars have suggested t h a t human r e l a t i o n s f u n c t i o n s 

serve t o enhance employee m o t i v a t i o n and to f a c i l i t a t e the flow o f i n f o r ­

mation. Why d i d the present r e s u l t s d i f f e r ? 

One reason may be th a t s c i e n t i s t s are d i f f e r e n t from the non­

p r o f e s s i o n a l "rank and f i l e workers" who were subjects i n most previous 

st u d i e s . For example, i t may be ;t h a t s c i e n t i s t s , compared to non-
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p r o f e s s i o n a l s , are s t i m u l a t e d more by the work i t s e l f and less by 

the s o c i a l c o nditions which accompany i t . Our f i n d i n g s on the im­

portance of the supervisor's task f u n c t i o n s support t h i s speculation. 

A l t e r n a t i v e l y , the d i f f e r e n c e between our r e s u l t s and those of 

many previous studies might be a t t r i b u t e d t o the nature of the task 

r a t h e r than to the nature o f the people performing i t . F i e d l e r (1965) 

found t h a t d i r e c t i v e , t a s k - o r i e n t e d leaders were more e f f e c t i v e 

e i t h e r i n s i t u a t i o n s which were very favorable f o r the leader (where 

the leader had strong power, good r e l a t i o n s w i t h h i s subordinates, 

and a h i g h l y s t r u c t u r e d task) or i n s i t u a t i o n s which were very un­

favorable f o r the leader. But i n s i t u a t i o n s f a l l i n g midway between 

these extremes F i e d l e r found human-relations-oriented leaders more 
g 

e f f e c t i v e . Future research on s u p e r v i s i o n probably should consider 

the nature of the task more c a r e f u l l y than has been done here and i n 

most previous studies. 

And f i n a l l y , the d i f f e r e n c e between our f i n d i n g s and those o f 

previous studies may be a t t r i b u t a b l e t o examination of d i f f e r e n t 

c r i t e r i a . Thei present study used performance — p a r t i c u l a r l y , i n ­

novation -- as the c r i t e r i o n of good s u p e r v i s i o n , I n c o n t r a s t , the 

c r i t e r i a used by previous studies have included s a t i s f a c t i o n , grievances, 

turnover, absenteeism, scrap l o s s , morale, and s t r e s s . Human r e l a t i o n s 

may be more important w i t h respect to these c r i t e r i a than f o r innovation. 

Surprise #2. A second s u r p r i s e was the markedly negative r e l a t i o n ­

ships between the supervisor's performance of a d m i n i s t r a t i v e f u n c t i o n s 

and h i s subordinates 1 i n n o v a t i o n . Once again, the f i n d i n g s were op­

p o s i t e to assumptions u s u a l l y made (but r a r e l y tested) by o r g a n i z a t i o n a l 

scholars. Of p a r t i c u l a r importance was the discovery t h a t these negative 

r e l a t i o n s h i p s were most l i k e l y t o occur when the supervisor scored high 
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on human r e l a t i o n s . 

A major Issue here would seem t o be the d i r e c t i o n of c a u s a l i t y . On 

the one hand, the e f f e c t i v e exercise of a d m i n i s t r a t i v e f u n c t i o n s , such 

as planning and scheduling, may have produced a r a t h e r r i g i d s e t t i n g 

which l e f t subordinates l i t t l e room f o r innovation. This i n t e r p r e ­

t a t i o n would be i n close accord w i t h a previous study which showed t h a t 

c r e a t i v e a b i l i t y paid o f f only i n f l e x i b l e s i t u a t i o n s (Andrews, 1967). 

On the other hand, i t i s poss i b l e t h a t c a u s a l i t y operated i n the 

other d i r e c t i o n . Perhaps supervisors who headed i n n o v a t i v e groups were 

less e f f e c t i v e i n the a d m i n i s t r a t i v e area p r e c i s e l y because innovation 

made a d m i n i s t r a t i o n more d i f f i c u l t . 

Both i n t e r p r e t a t i o n s seem p l a u s i b l e , and, i n f a c t , both may have 

been opera t i n g . There seems t o be a fundamental dilemma here f o r organ­

i z a t i o n s seeking innovation: How can or g a n i z a t i o n s , which always r e ­

q u i r e a c e r t a i n degree of c o o r d i n a t i o n and interdependence among people 

and work groups, remain s u f f i c i e n t l y f l e x i b l e t o encourage i n n o v a t i o n 

from w i t h i n ? U n f o r t u n a t e l y , few studies have been e x p l i c i t l y concerned 

w i t h o r g a n i z a t i o n a l c o n d i t i o n s enhancing innovation. 

Summary and i m p l i c a t i o n s 

What does t h i s study imply f o r the d i r e c t o r o f a research l a b o r a t o r y , 

the supervisor of an R & D team, or others attempting t o encourage i n ­

novation w i t h i n an organization? Let us speculate, recognizing t h a t 

f u r t h e r research w i l l be needed to assess the g e n e r a l i t y of our r e s u l t s 

and t h e i r causal dynamics. 

Greatest i n n o v a t i o n occurred under supervisors who knew the t e c h n i c a l 

d e t a i l s of t h e i r subordinates 1 work, who could c r i t i c a l l y evaluate 

t h a t work, and who could i n f l u e n c e work goals. Thus the widespread p r a c t i c e 

of i n c l u d i n g t e c h n i c a l competence among the c r i t e r i a f o r choosing supervisors 
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seems to be sound. This does not mean t h a t a supervisor should c o n s t a n t l y 

"meddle" i n h i s subordinates' a c t i v i t i e s . But he should be a v a i l a b l e , 

competent i n the c u r r e n t " s t a t e of the a r t , " a c t i v e l y i n t e r e s t e d i n the 

p r o j e c t , and informed about i t . These, i n t u r n , imply t h a t the super­

v i s o r should "keep h i s hand i n , " perhaps by a c t u a l l y conducting research 

h i m s e l f . He probably should not spend a l l h i s time monitoring the work 

of others. Furthermore, f o r a supervisor t o be t e c h n i c a l l y "close" to 

the a c t i v i t i e s of h i s subordinates, h i s supervisory r e s p o n s i b i l i t i e s 

probably should be l i m i t e d t o only a few p r o j e c t s . 

What i f t h i s k i n d of s t r u c t u r e i s not pos s i b l e , or i f a supervisor's 

t e c h n i c a l competence has become obsolete? Again, the data were clea r ; 

provide s u b s t a n t i a l freedom f o r subordinates. Freedom acted as a p a r t i a l 

s u b s t i t u t e f o r s k i l l e d supervision. But even when subordinates have f r e e ­

dom, the supervisor s t i l l makes some kinds of decisions. For freedom 

to be e f f e c t i v e , the data showed t h a t the supervisor must consult w i t h 

h i s subordinates before making these decisions. 

Previous research (Pelz and Andrews, 1966) suggests t h a t under com­

p l e t e freedom subordinates may engage i n t r i v i a l problems, become laz y , 

and stagnate. To avoid t h i s , the wise supervisor who cannot exercise 

t a s k f u n c t i o n s should attempt to combine freedom w i t h s t i m u l a t i o n from 

sources other than h i m s e l f . For example, he might arrange meetings 

where subordinates could present, discuss, and c r i t i c a l l y evaluate 

one another's work. The present study showed a t e c h n i c a l l y weak super­

v i s o r should not undertake c r i t i c a l e v a l u a t i o n h i m s e l f , 

What about the human r e l a t i o n s and a d m i n i s t r a t i v e functions? Here 

our recommendations must d i f f e r from those o f t e n made to supervisors of 

non-professional workers. We found t h a t i n n o v a t i o n tended t o be low when 
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supervisors were thought to be e f f e c t i v e a t human r e l a t i o n s or adminis­
t r a t i o n , and e s p e c i a l l y low when supervisors were e f f e c t i v e a t both. 

I f the supervisor i s not p a r t i c u l a r l y s k i l l e d as an a d m i n i s t r a t o r 

and i s somewhat cool toward h i s men, t h i s need not cause great concern. 

I n f a c t , f r e e i n g supervisors from r e s p o n s i b i l i t i e s i n the human r e l a t i o n s 

and a d m i n i s t r a t i v e areas may enhance in n o v a t i o n . But since these areas 

do need a t t e n t i o n , there may need t o be some other person w i t h r e s ­

p o n s i b i l i t y f o r them. Some organ i z a t i o n s assign t h i s r e s p o n s i b i l i t y 

to an " a s s i s t a n t d i r e c t o r " or "executive head." 

On the other hand, what should a supervisor do i f he happens t o be 

s k i l l e d a t a d m i n i s t r a t i o n and/or human r e l a t i o n s -- consciously act 

i n e f f e c t i v e l y ? Probably not. Should he simply t u r n subordinates 

loose? The data say t h i s would not help. One suggestion i s t h a t he 

might attempt t o increase the size o f each subordinate's own " p r o f e s s i o n a l 

arena." Each subordinate might be encouraged to take on a d d i t i o n a l tasks, 

evolve contacts w i t h outside groups, or t r y new methodologies. These 

should r e s u l t i n an increased s e l f - r e l i a n c e and an increased capacity 

to move i n in n o v a t i v e d i r e c t i o n s . 
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E x h i b i t 1.. Ten measures of supervisory behavior and items from which 
they were d e r i v e d . * 

Task f u n c t i o n s 

A. Technical s k i l l s (an index based on the sum o f : ) 

"He knows a great deal about doing the jobs i n my s p e c i a l area" 
"He has a good understanding of the body of knowledge t h a t i s 

r e l e v a n t to my work" 
"He has a good understanding of the techniques and methods I 

use i n my work" 

B. Effec t i v e n e s s at " p r o v i d i n g c r i t i c a l e v a l u a t i o n " 

C. I n f l u e n c e i n choosing goals and o b j e c t i v e s f o r subordinate's work 

("Consider the choice of goals or o b j e c t i v e s of the various 
t e c h n i c a l a c t i v i t i e s f o r which you are responsible...Estimate 
the r e l a t i v e percent of weight exerted by each of the f o l l o w ­
i n g . " Items included "my immediate supervisor. 1') 

Human r e l a t i o n s f u n c t i o n s 

D. E f f e c t i v e n e s s at m o t i v a t i n g others (an index based on the sum of:) 

"He i s e f f e c t i v e f o r p r o v i d i n g enthusiasm f o r the work'? 
"He i s e f f e c t i v e f o r p r o v i d i n g a p p r e c i a t i o n and encouragement" 
"He i s e f f e c t i v e at g e t t i n g people to work w e l l together" 
"He i s e f f e c t i v e f o r g i v i n g r e c o g n i t i o n f o r a job w e l l done" 
"He i s very concerned t h a t I grow and get ahead p r o f e s s i o n a l l y " 

E. E f f e c t i v e n e s s at " l e t t i n g people know j u s t where they stand" 

F. S e n s i t i v i t y t o " d i f f e r e n c e s between people" 

A d m i n i s t r a t i v e f u n c t i o n s 

G. E f f e c t i v e n e s s at " c a r r y i n g out needed planning and scheduling" 

H. E f f e c t i v e n e s s at "handling r e l a t i o n s between h i s group and other groups" 

Leadership s t y l e s 

I . Use of c o n s u l t a t i o n i n decision-making (an index based on the sum of:) 

"He makes most important decisions a f f e c t i n g group a c t i v i t y 
h i m s e l f , a f t e r c o n s u l t i n g others" 

"He makes most important decisions a f f e c t i n g group a c t i v i t y 
. h i m s e l f , w i t h o u t c o n s u l t i n g others" (SCALE REVERSED) 

J. P r o v i s i o n of "freedom f o r people under him to explore, discuss, and 
challenge ideas on t h e i r own" 

* For a l l items except t h a t i n measure C, the respondent checked a seven-
po i n t scale to i n d i c a t e how c l o s e l y the statement described h i s supervisor. 
For Measure C, the respondent showed the percent of weight exerted by h i s 
supervisor. 
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E x h i b i t 2. C o r r e l a t i o n s among average perceptions of supervisor's 
h a v i o r . (N * 21 teams.) 

Measure A B C D E F G H : 

A. Technical s k i l l s 

B. C r i t i c a l e v a l u a t i o n .3 

C. Influ e n c e on goals .6 .0 

D. M o t i v a t i n g others .0 .6 .0 

E. Let know where stand -.1 .4 -.1 ,5 

F. S e n s i t i v i t y .1 .4 -.3 ,6 .5 

G. Plan and schedule -.1 ,4 ,1 .3 .2 .3 

H. Inter-group r e l a t i o n s .1 .5 -.2 .6 .4 .8 .5 

I . Use of c o n s u l t a t i o n -.3 .2 -.3 .4 .3 .3 -.1 .1 

J. Freedom -.1 -.1 -.3 .0 -.1 .1 .1 .2 .2 
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E x h i b i t 3, Rel a t i o n s h i p s between subordinates 1 i n n o v a t i o n and various 
p r a c t i c e s of t h e i r immediate supervisors. ( V e r t i c a l scales 
show mean innovation. H o r i z o n t a l scales show three sets of 
supervisors: those s c o r i n g low, medium, and high on the de­
signated measure. Each p o i n t i s based on data from approximately 
7 supervisory groups.) 

Measure Trend Eta F 

Task fun c t i o n s 

A. Technical s k i l l s 

B. C r i t i c a l e v a l u a t i o n 

C. Influence on goals 
Human r e l a t i o n s f u n c t i o n s 

D. M o t i v a t i n g others 

E. Let know where stand 

F. S e n s i t i v i t y 
A d m i n i s t r a t i v e f u n c t i o n s 

G. Plan and schedule 

H. Inter-group r e l a t i o n s 

Leadership s t y l e s 

I . Use of c o n s u l t a t i o n 

J. Freedom 

i . Al H 

L rt H 

L /A H 

L/A H 
N \ 

.52 

.33 

.28 

47 

04 

22 

.30 

.53 

.43 

.33 

3.36 

1.13 

0.78 

2.48 

0.01 

0.44 

0.89 

3.57 

2.00 

1.12 
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E x h i b i t 4. C o r r e l a t i o n s between subordinates 1 i n n o v a t i o n and t h e i r 
supervisor's p r o v i s i o n of freedom, separately f o r designated 
groups o f supervisors. 

C h a r a c t e r i s t i c s of supervisor C o r r e l a t i o n 

A. Technical s k i l l 
High (N=10 teams) .0 
Low ( N = l l teams) ,6 

Effectiveness at 
B. c r i t i c a l e v a l u a t i o n 

High (N=10 teams) .0 
Low ( N - l l teams) .4 ' 

D. S k i l l a t m o t i v a t i n g others 
High (N=10 teams) -.3 
Low ( N - l l teams) .5 

E. Effectiveness a t l e t t i n g others 
know where they stand 

High ( N = l l teams) -.4 
Low (N=10 teams) .6 

F. S e n s i t i v i t y t o d i f f e r e n c e s between people 
High ( N - l l teams) .1 
Low (N=10 teams) .4 

H. S k i l l at handling i n t e r - g r o u p r e l a t i o n s 
High (N~10 teams) -.2 

( N - l l teams) .6 

Note: Measures C and G do not appear i n t h i s e x h i b i t since the 
r e l a t i o n s h i p between in n o v a t i o n and freedom was not markedly a f f e c t e d 
by them. 
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E x h i b i t 5. C o r r e l a t i o n s between subordinates 1 innovation and two measures 
of t h e i r supervisor's a d m i n i s t r a t i v e s k i l l s , separately f o r 
supervisors high and low i n human r e l a t i o n s s k i l l s . 

C h a r a c t e r i s t i c s of supervisor 

C o r r e l a t i o n s between i n n o v a t i o n and: 
Ef f e c t i v e n e s s at 
planning and 
scheduling 

Effectiveness at 
handling i n t e r -
group r e l a t i o n s 

S k i l l a t m o t i v a t i n g other 
High (N=10 teams) 
Low (N 11 teams) 

.7 

.2 
.5 
.3 

E. S k i l l a t l e t t i n g others know 
where they stand 

High ( N r i l teams) 
Low (N 10 teams) 

.1 

S e n s i t i v i t y to d i f f e r e n c e s 
between people 

High ( N r l l teams) 
Low (N=10 teams) 
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Footnotes 

1 These data were c o l l e c t e d and analyzed under NASA grant NsG-489/23-005-
014 as part of a long range i n v e s t i g a t i o n of s c i e n t i s t s and engineers. Dr. 
Donald C. Felz i s the general d i r e c t o r o f t h i s research program. 

2 Since these data d i d not represent a p r o b a b i l i t y sample from some 
defined p o p u l a t i o n , and since the purposes of the study were d e s c r i p t i v e 
r a t h e r than i n f e r e n t i a l , i t would have been i n a p p r o p r i a t e to compute 
t e s t s of " s t a t i s t i c a l s i g n i f i c a n c e , " The c r i t e r i a f o r reaching conclusions 
throughout t h i s a r t i c l e were t h a t a t r e n d be c l e a r and, where appropriate, 
reasonably c o n s i s t e n t . Readers accustomed to l o o k i n g f o r t e s t s of 
s t a t i s t i c a l s i g n i f i c a n c e , however, can be assured t h a t many of the trends 
would appear as " s i g n i f i c a n t " i f tested i n conventional ways and t h a t 
the general conclusions were not a l t e r e d by the d e c i s i o n not t o t e s t 
" s i g n i f i c a n c e , " 

3 The procedures f o r c o l l e c t i n g , combining, and a d j u s t i n g the performance 
measures used i n t h i s study were h i g h l y s i m i l a r t o those more f u l l y described 
i n Felz and Andrews (1967). 

4 L i k e r t also considers j o i n t decision-making. I n a d d i t i o n to the two 
items composing Measure I , the questionnaire contained an item asking 
s p e c i f i c a l l y about the extent the supervisor encouraged h i s group to make 
decisions j o i n t l y . This item proved to be h i g h l y r e l a t e d to both Measures 
D and I , and t h e r e f o r e has not been scored separately. 

5 These mean scores.were transformed to rectangular d i s t r i b u t i o n s . A 
seven-point scoring was used whenever c o r r e l a t i o n s were computed. Two-and 
thre e - p o i n t scorings were also used, as w i l l be evident. 

6 These f i n d i n g s suggest t h a t p r o v i s i o n of freedom was a f f e c t i n g 
i n n o v a t i o n r a t h e r than the reverse. I f high i n n o v a t i o n were the cause 
of a group of subordinates being awarded freedom, one would expect to see 
p o s i t i v e c o r r e l a t i o n s between freedom and i n n o v a t i o n i n teams headed by 
the more s k i l l f u l supervisors, i . e . , the more s k i l l f u l supervisors would 
be more l i k e l y to match the reward o f freedom w i t h i n n o v a t i o n . But t h i s 
was not the case. Rather, E x h i b i t 4 shows t h a t i n groups headed by more 
s k i l l f u l supervisors freedom and i n n o v a t i o n were only weakly r e l a t e d . 

7 Although causal d i r e c t i o n s cannot be f i r m l y i d e n t i f i e d , I t should be 
noted t h a t the measures of supervisory p r a c t i c e s and performance derive from 
completely d i f f e r e n t sources. Thus the f i n d i n g s cannot be a t t r i b u t e d to a 
simple "halo e f f e c t , " (See also footnote 6.) 

8 Although F i e d l e r ' s idea seems u s e f u l , h i s method of t y p i n g leaders forced 
them i n t o e i t h e r the task or human r e l a t i o n s o r i e n t a t i o n s . I t d i d not permit 
separate examination of leaders high (or low) i n both o r i e n t a t i o n s . Further­
more, he hypothesizes t h a t c r e a t i v i t y w i l l be " f o r b i d d e n " under task-oriented 
leaders, a r e s u l t c l e a r l y not supported by the present data. 




