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PREFACE 

This is a monograph based in part on data obtained during a two-year 
study of applications of the behavioral sciences to research manageraent, 
sponsored by the Office of Aerospace Research (OAR) of the United States 
Air Force. The first monograph resulting from this study ib titled Appli­
cations of the Behavioral Sciences to Research Management: an Ini t ial 
S t udy in the Office of Aerospace Resear£!!_. This second 1110nograph is pub­
.Lished by the authors separately from 1..h.· technical report to the agency 
that sponsored the background research, because the authors believe that 
the data, concepts, and conclusions that have resulted mainly from this 
study ought to be made available to a wide audience of management and 
aoctal scit:!nce persnnnel . It should be clearly understood, however, that 
these are the concll\sions of the authors of this monograph, and do not 
necessarily reflect the policies or opinions of the management of the 
agency that sponsored the research. 

More specifically, we believe that the concepts that are newly devel­
OPt'd in thi& monograph--such as the characterization of the Air Force as 
b«oming more and more a special kind of "technology management organiza­
tion" and the distinctions between three main kinda of management roles: 
(1) the "technology manllgement generalist," (2) the "technical aanager," 
and (3) the "adminis t rative manager"--can be applied to understanding 
changes that are now occurring in a wide variety of both government and 
private organizations under the impact of increasing complexities in tech­
nology. Using these concepts, for example, the need for some managers who 
are essentially technical specialists and for other managers who combine 
a career of technical with operational experience can be more clearly 
recognized. 

We maintain herein that it is this latter integ·rating or "coupling" 
role that is the particular role that can be performed best by scientific 
and engineering (S'1lE) officers in the context of the Air Force. We also 
suggest that "technical manager" and "administrative manager" roles can 
more often be moat appropriately assumed by civilian employees, although 
military personnel must also be able to serve in these roles (e.g., per­
haps as "dual deputies" to civilians) in preparation for assuming the 
"technology management gener list" role. To determine how many s•E offi­
cers are currently performing each kind of role would require a separate 
study of military manpower assignments. 

We believe that a general acceptance of these role distinction• would 
help to lessen career development conflicts between military and civilian 
personnel. (Perhaps this would also apply to conflicts between technical 
personnel and oper·ating personnel in other kinds of organizations.) Such 
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conflicts sometimes lead to emotional forms of expression that can hinder the cf fee tiveness of technology management organizations. For example, the conclusions we have drawn from our analysis have not always been con­sidered objectively or dispassionately. We have been criticized by some military personn~l (but not all) because our conclusion■ do not support the point of view that!!!. management positions in a military organization are most appropriately filled by military personnel. Conversely, we have also been criticized by some civilian• who feel that our analysis places too much emphasis upon the importance of military (i.e., operational) experience in the technology mana1ement activities of an or1anization like the modern Air Force. In reply, we can only point out th&t this has oeen an independent attempt to analyze a controversial topic in the light of behavioral sciences theory and research finding• on organizations, espe-ially on military organizations. Therefore, we have had to "call it as w see it" in the lilht of the perspective taken. 

Thia study was conducted within the context of the Technology Man~~e­ment Pro1rau of Stanford Research Institute. These prograu include studies of the structure, organization, and dynamic■ of the MD industry in the United States and other countries; the aanage■ent of MD organiza­tion■; technology utilization and transfer; profe■sionalization and profes­sional organizations; technical manpower; and sy■ teu analysis and other methodologies u foundation■ for investigations of RID processes and orga­nization. 

The author■ of this iaonograph greatly appreciate the assistance, advice, and cri.tici■■ of aany Air Force officer■ and civiliana, both inside and outside t e Air Force, which aade this analysis possible. 
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The pi lot will not always be the key to airpower. f'or the pres­
en . yes. For the i11mediate future, yes. But even now mechani­
cal gadgets are fast encroaching on the pilot's domain. We are 
entering the era of the guided missile. Some day, perhaps in 
our own time, the man holding my job will meet here with a staff 
of scientists, and they will wear no pilot's win1s on their 
chests. That insignia will cease to be the yardstick of Air 
For c achievement. That's something for you to think about. 

-- General H. H, Arnold, 1945 

We find ourselves in a situation of unprecedented technological 
challenge. The resource• which we have to do our job with are 
far leas relative to the size of that job than what we have had 
in the past. Unprecedented technological challenge does not 
necessarily mean that we have better ideas coming along every 
day and that more r~volutionary changes will c~me even faster. 
Revolutionary chan.es such u the hydro1en bomb, ballistic mis­
sile, and nuclear submarine do not appear every day. 

-- Doctor Harold Brown, 1962 

Only a continuin1 U.S. effort and success in broad technolo1~cal 
advat:ces can \1:e maintain our capability to defeat a1gression. 
'nli• requires research personnel, research institutior.a, and 
military planning staffs oriented toward integrating science and 
strat•IY· There may be additional breakthrou1h• of the magnitude 
of the nuclear weapon, but long-range capabilities are likely to 
rest on an everexpanding technological base. 

-- General Curtis E. Lellay, 1964 

'nle thinp we are concerned with here today, that are most criti­
cal to the Air Force capabilities, are research and development 
and people. 'nle weapons we have in the 70's will depend upon 
the decisions we make today in research and development. Simi­
larly, the leadership we have in the Air Force in the 70'• and 
beyond, will depend upon the decisions we make today in the 
fields of education, housin1, promotion opportunity, and pay of 
the people who make up the Air Force. 

-- The Honorable Eu1ene M. Zuckert, 1964 
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Chapt 1· I 

INTRODL1CTIO AND ER.AL CONCLUSIONS 

Introduction 

In every organization polic i ordinarily the result of compromise. 
Although in theory , poli cy is the implemen ~ation of organizational objec­
tives or mission, in practice , it is mot often an expression of points 
of agreement among the often diverse interest groups that constitute and 
shape various organizations . Thus when policy is made on the utilization 
of scientific and engineering (Sil) offi ce rs in an organization like the 
Air Force, for example , this poli cy is likely to reflect--in greater or 
lesser degree, depending on circum tance at a particular time--some kind 
of compromise among the expressed interests of at least the following 
important groups: the professional military personnel; c ivilians in the 
civil service; civilian contractors; and , above all , the elected officials 
of the federal government and their appointed agency directors and advi­
sors. Scattered through all of these groups are members of other profes­
sional groups that have had an increasingly powerful voice in government 
circles in r ecent years--the professional sci en tis ts . 

It is a common aspect of human nature that each interest group strivss 
io influence policy in terms of what it sees as the interests of its own 
group . The military tends to maximize the importan ce of its role in the 
management of defense research and development , as in other aspects of 
defense activity . In contrast , civilian employ~es of defense agencies 
often maintain that they are capable of handling many assignments now fil­
led by military personnel . xcept for st rictly combat assignments . Civil­
ian contractors, in turn. are likely to a sse rt that they could do most 
things better, or more efficiently , than government employees. Scientists , 
whereve~ they are employed, are likely to judge the appropriateness of any 
division of responsibilities and allocation of resources in terms of what 
they see as its effect on work in their particular scientific discipline . 
Elected officials must rema never mindful of, and ensitive to, the de­
sires of the people who elected them .• 

* A discussion of various "speci fie group bia ses" in profe· .. sional groups 
is contained in Robert M. Maciver , "The So cial Signifi : ance of Profes­
sional Ethics ," The Annals of the American Academy of Political and 
Social Science . 297 (January 1955) , pp. 118-124, a paper tha first 
appeared in The Annals in 1922 a1d is reprinted in H. M. Vollmer and 
D. L . Mills, Professionalization : Readings in Occupational Change 
(Englewood Cliffs , N.J . : Prentice-Hall forthcoming) . 
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Under such circums tances, policy decisions are purely political, 
reflecting compromises among the interest groups concerned. Although such 
political considerations in policy making can never be eliminP.ted (nor 
would most people con s ~der thi s desirable) , these political considerations 
can be modified by the i ntroduc tion of findings, and theoretical interpre­
tations of findings , from behavioral sciences research on organiza t ions. 
Insofar as these findings are taken into account, a:ong with relev1tnt 
political considerations, policy making may become more rational . Find­
ings from organizational studies cannot always supply certain answers to 
policy problems , but when brought to the attention of pol icy makers an.d 
"factored into" theii• decisions, along with all relevant inform·.1tion from 
other sources , t hese findings may be expected to provide a more sure and 
more defensible rationale for policy decisions when they are mao~. 

This report attempts to provi de information relevant to policy con­
cerning the role and career development of the Air Force SW: officer . To 
do this, we shall draw on findings and theories from three areas of behav­
ieral sciences investigation that are somewhat overlapping in their fo­
cuses, but each of which contributes an additional increment in under­
standing the role and career development of SW: officers. These are: 
(1) sociological studies of the changing characteristics of milit qry orga­
nizations, (2) studies of the process of professionalization as it has 
affected a wide variety of occupations, and (3) studies of research and 
development organization and processes in a variety of contexts.• Infor­
mation from these three areas of investigation does not supply any simple 
or automatic answers to problems connected with the role and career devel­
opment of SW: officers . However , it does provide a basis for additional 
understanding of, and a rationale for,the fundamental importance of the 
role of SW: military officers in relation to the changing orcanizational 
character of the U.S . "defense establiebment," the need for mechanisms 
and means for supporting the professionalization of this role, and the 
need for a clearer recognition of different components in this role and 
its relationship to other important military and civilian roles. 

General Conclusions 

At present there are pressures on the Department of Defense to assign 
military personnel to"strictly mili tary"posi tions, and to fill all other 
positions that do not appear to r6quire military personnel with civilians. 

• Durinc the period of this study and that of the previous study (approxi­
m~tely two years), the principal investigator has had opportunity to be 
a close observer of the management activities of SW: officers in OAR. 
For a discussion of this observation me t hod, see H.K. Vollmer,~­
.cations of the Behavioral Sciences to Research Management: An ~nitial 
Study in the Office of Aerospace Research (Menlo Park, Calif.: Stan­
ford Research Institute, a report to AFOSR , 1964), Chapter II. 
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These press ures have been ju ti. f t ed n1o s t r ecnntly in terms of requireir-,nts 

for mili.tary pe 1·sonnel in th Vie t Nam a tion Al though this justifl c <1-

tion h.1s a strong immediate appe al , the findings of this report would sug­

gest a reapprai al of the des irability of thi pol cy in the light of the 

long run objectives and changin g organizati onal chara i:e ri s tics of the 

Department of Def en e , in gene ral and t he Air Fo r ce . spec i f ically . Such 

a policy reapprai s al i s ·uggc t cd b the f o llowin g general conclusion o f 

the analysi s that i p re ent d in mor deta il in the f ollowing chapters : 

1. The defense e s tabli s hm~nt in general , and the Air Force 1n parti­

cular , ha be come mor like a "technology management organiza­

tion ." 

2 . The defense e tabli hment 1. a e:pec i al kind of technology manage­

ment organization--one that ha s the dual objectives of (a) combat 

readiness and military capabi litie econd to that of no other 

nation in the world and (b) i entif1 c capabilities and techno­

logical advancement al o e cond to none . 

3 . To accompli sh these dual obJec t1.vo , the defense establishment 

requires"te<: hnology manag·ement ge,1eralists"who mbody in their 

experience and train1.ng a thorough knowledge and lmderstanding 

of the values and techniques of science and technology , as well 

as an under tanding and knowledge of military affairs. 

4. To acquire and retain uch technol ogy management generalists , 

components of the defense establ1. s hment such as the Air Force 

must be able to utilize Sil officers in sequences of assignment s 

(a career) that enable them to keep curre1.~ both their scienti.fic 

and technical management skill and their miITtary skills . 

6 . The lo~ retention rate of Air Force S&E officers at present 

indicates that the Air Force. like the other serv1.ces, has not 

been completely able to retain and properly utilize these per­

sonnel in the recent past . 

6. To do this more effectively in the future the Air Force must 

develop means to enhance the professional status and recognition 

of 1ts S&E officers by paying more attention to such matters as: 

(a> appropriate assignments, (b) appropriate salaries, (c) a 

fl •, xible "below zone" promotion system . and (d) other professional 

r,r ,cessi ties (see Chapter V) . 

7. The placement of s•1 officers in Air Force in-house laboratoriea, 

provide• an appropriate context for certain kinds of asaignments 

to develop the kind of technology management generalists that the 

Air Force needs. 
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8. The placement of S"E officers in middle management positio:,s 
, ould be accomplished more easily by the use of "dual deputy" 
assignments in conjunction with civilian technical managers and 
administrative managers in Air Force in-house lkboratories. 

Organization of the Repor~ 

Chapter II draws on studies of the U.S. defense establishment to 
show how it is becoming a military technology management organization-­
especially the Air Force. Chapter Ill reviews findings of studies of 
various technology management organizations, showing the main roles of 
management in these kinds of organizations a.nd emphasizing the key impor­
tance of technology management generalists in an integrating role in them. 
Chapter IV provides examples of Air Force S"E officers who have themselves 
moved in the direction of becomt ng technology management generalists of 
the type discussed, thus providing models of the type of career officer 
sought. Chapter V reviews varic-us st.~•dies of the limited ability of the 
Air Force to retain and utilize such officers under present policies, ana 
also reviews suggestions of ways to improve this ret~ntion and utilization 
in the future. 
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Chapter II 

1111 AIR FORCE AS A 1111.ITARY T~HNOLOGY IIANAGDIINT ORGANIZATION 

In exuining the role and career development of s•1 officer• in the 
Air Force, it ia important to understand the structure and dynamic• of 
the surrounding environment. What fundamental change• are occurring in 
the aodern American defense establishment? What haa ber.n the Air Force 
re■ ponae to the■e changes? How has this response affected the role and 
career development of Air Force s•E officers? 

The Chan,1n1 Defense Establishment 

By the "defense establishment" is meant the total complex of govern-
■ent agencies and private corporations, both profit and nonprofit, that 
de■ ign, develop, produce, maintain, and utilize the weapon■ and weapon 
sy■teu that con■ titute the defense capabilities of the United State■ . 
The core of the defen■ e e■ tabliahment ia the agencies of the Depart■ent 
of Defen■ e--the Aray, Navy, and Air Force. Thia core, in turn, i■ ■up­
ported in many vital way■ by the defen■ e contracting ayate■, which cur­
rently finance■ ■ izable proportion■ of the total activity in the aero■pa~e, 
ato■ic energy, and electronic■ indu■ trie■, especially. The ■ucce■■ of 
the defen■e e■ tabliahllent depend■ on the effective coordination of the 
activitie■ of these military and civilian co■ponent■. 

The civilian compon6nt of the defense e■ tabliahllent 1• highly tech­
nical in ita manpower characteristics. A preliminary report of a continu­
ing study of the ■ tructure and dynamics of the defense-related research 
and development industry in the United States, being conducted by Stanford 
Re■earch In■ titute for the Directorate of Defense Research and Engineering 
of the Office of the Secretary of .Defense, ha■ reported : 

• 

One-third of the national Rid> workforce is employed on DOD 
projects . One-half of the defen■ e Rid) industry'• worker■ are 
salaried workers. Over one-fourth of the defense Rid) indu■-
try'• worker• are claa■ ified as scientist• and engineera--tech­
nical profea■ ionala. Between 50 and 60 percent of the indus­
try'• ■alaried worker• hold college degrees.• 

See A. Shapero, R. P. Howell, and J. R. Tombaugh, An Exploratory Stutly 
of the Structure and Dyna■ica of the Rid) Industry (Menlo Park, Calif.: 
a Stanford Research Institute report to ODDIUJI. 1964), p. 3. 
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This refle ts a considerable change in the manpower characteristics of the defense R&D industry during recent years . This change was accel­erated particularl in t he latter 1950s , when a large segment of the aerospace 1ndu try converted f ro,r- aircraft production to the development and production of miss le s tems under federal government contracts, as may be seen in Table l , drawing on ,;ata co llected by the Institute in a report to the Aerospace lndu triel' Association . This table shows the marked increase during this period not only for scientific and engineer­ing empl0yees but also for mi ddle-level line) management and adminis­trative staf f personnel in act v1ties connected 1th defens e Rid) . 

Table l 

MANPOWER COIIPOSITIO OF SELECTED AEROSPACE ACTIVITIES 
1947 , 1955 , and 1961 

1947 1955 1961 

Total manpower in acti.vi ties ■urveyed* 50 , 288 3ll , 6ll 399,384 Hourly employees a■ percent of total 77 .5j 76.0J 54.4J Salaried employee■ as percent of total 22 . 5 25 .0 45.6 En1ineer• and scienti■ ts (salar ed) a■ 

percent of total 10 . 2 9.8 16.3 Other ■ alaried employee■ a• percent of 
total 12 .3 14 . 2 29.3 

• Nineteen companies reported manpower data for 26 activities for 1961; 18 of the ■ ame companies reported comparable data f0r 23 activitie■ for 1955; 9 of the same companies reported comparable data for 9 activ­ities for 1947 . 

Source: Stanf ord Research In■ titute . 

In thia regard , the report concluded: 

The demand for personnel in managment , scheduling and control, 
procurement , and related services has in reased 163 percent 
between 1955 and 1961 , as compared with 113 percent for sci-
enti■ t• and engineers. A significant part of this increase in "other ■ alaried" emplo ees can be laid to the growing 
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accumulation of regulations, aud ts and management liaison 
and control syst ms. such as PERT , associ,ted with governm nt 
procure11en t . * 

Parallel to the increasingly t echn ic al c haracter of the defense RliD 
industry has been a shift toward a more technic al orientation in the mili­
tary service• themselves. This shift sh ws up c learly when one examines 
chan1e• over the lai;t 100 years in th occupational composition of the 
enlisted peraonnel in the armed forces . Thua, f or example, Table 2 show• 
that th proportion of enlisted personnel in technic al and scientific cate-
1oriea shifted from 0 .2 of 1 percent at the time oi the Civil War to 
3.7 percent in World War I. and then showed a more than fourfold increaae 
to 15 .8 percent by 1954 . t The table also shows that somewhat similar 
increases occurred for those enlisted personnel who are mechanics or re­
pairmen, and also for those who are in administrative and clerical assign­
ment• . A marked decrease has occurred over the same time period for the 
proportion of those who are classified in strictly military occupations, 
e.g., combat infantrymen. 

Table 2 also show• that comparing the 1954 military data with the 
19~0 and 1960 data for members of the total male labor force, the armed 
aervice• appear to be more technically and managerially oriented than is 
true for civilian industry in general. The armed forces have higher pro­
portions of their enliated personnel in technical and scientific asaign­
ments, in mechanics and repairman assignments, and in administrative and 
clerical assignments, having had a total of 51 . 2 percent of their enlisted 
personnel in such assignments by 1954, co,npared with 29 .0 percent in the 
aame categories for the entire male labor force in 1960 . 

Another indicator of the trend of the armed service• toward becoming 
technololD' management organizations has been the increasing eaae with 
which co-isaioned officers in support activities, rather than those pri­
marily involved in strictly military operations, have been increasingly 
able to mo\-e into higher level positions. Van Riper and Unwalla r port 

• 

t 

See G. T. Hayes , The Industry-Government Aerospace Relationship. Vol . l 
(Menlo Park, Calif.: a Stanford Reeearch Institute report to the Aero­
space Industries Association oi America, Inc. , 1963), p . 52; for more 
data on the same aubjects, aee A. Shap r o and H. M. Vollmer, "Technical 
Profile of the Industry , " appearing as Appendix H in Vol. II of the 
same report. 
Later comparable data on enliste military personnel were not available 
at the time of publication of this report , but it can be assumed that 
the long run hiatorical trend described above has been continuing . 
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l't·om a study of lite ·arc•t·s of 2,077 ofl'I • •1·i,; or the rank of co lon td or naval captain up through full general and adm.iral thnl: 

. , . while lite c hanc s for high rank have he •n ~r •a lest, and the avenues lo the military "executive suite" most clear ly open to those in operations, il is also obv.ious that the opportuni­ties l'<H' those who chose a support a · tivity for a career have not been pour. Indeed, the hetcrog •nt;!ous c;hara · tcr or the officer corps in support a tiviti s has pr bably made It easier for a non-a ademy officer with f w or the traditional attri­butes o f a "military man" t attain reasonably high r nk. Cer­tainly ~ prosp c ts ,!2!: off leers in supµort ac ti vilies are improving.* (Emphasis added) 

In comparing the main branches of the armed forces, Table 3 shows that the Air Force appears to requir the most emphasis on technical and administrative assignment in the accomplishm nt of its particular mission within the defens e estab lishment. By 1954, the Air Fore had the highest proportions of its enlisted manpow r as igned to technical and scientific, mechanics and repairmen, and administrative and cl rical po · itions, com­pared to the other two services. These assignments, in turn, have r equired an increasingly higher level of general mental abilities o n the part of the enlisted personnel in all branches of the servic , and especially in the Air Force, as is shown in Table 4. Moreover, in the decade between 1961 and 1971, it has been estimated that the Air Force needs to more than double its officers in RilD assignments-- rom 2,600 to 5,900--to keep pace with technical requirements.t 

In summary, the Air Force especially has become more like a technology management organization, responsible not only fo r in-house efforts in the development of new technologies related to national defense, but also responsible under the defense contracting system for the efforts of the many contracting organizations that also make up the d~fense establishment. 

It 1• characteriatic c,f technology management orcanization• to develop a bulce in their asaignment of manpower of both middle-grade technician level• and middle-grade management levels, in contraat to the typical pyra­mid structure of decreaaing number■ of peraonnel at higher grade level•, which 1• commonly found in conventional organizations. Proportionately fewer unakilled worker• or common laborers are needed, and aore skilled repair mechanic■ and technicians are required in technologically oriented organizations . Similarly, proportionally fewer first level auperviaor• and 

• See Paul P. Van Riper and Darab 8. Unwalla, "Military Careers at the Executive Level," Adminis tratlve Sci nee Quarterly, Vol . 9 (1965), p, 435. 
t See W. E. Simons, "Officer Career Dev lopm nt" Air Univ rsity Quarterly Review, Vol . 13 (Summer 1962), p. 101. 

9 



. ' 

Table 3 

ENLISTED MANPOWER C~ITION OF THE ARIIED FORCES 
BY BRANCH OF SERVICE 

1954 

Marine Air 
Occupational Catego!:L_ Corps Army Navy Force 

I Technical~ scientific 8 . 9 j 14.5j 13 . 41, 21.71, 
II Administrative and 

clerical 18 . 9 17 . 4 8.0 23.7 
III Mechanics and repair-

men 17 . 4 12,5 22.2 24,5 
IV Craftaaen 5.6 8.0 3.7 4.8 
V Service occupations 6.2 10.4 6.4 20. 7 

VI Operative• and 
laborer• 7 . 2 8.4 • 4.6 

VII Military-type occupa-
tiona not classified 
above 35 . 8 28 . 8 46.3 • Proportion in cate1or-
iea I and III 26 . 3 27.0 35,8 46.2 

• Where no percent-sea are shown, the service• cluaify thia 
type of personnel in alternative groups; therefore, the 
occupational classification, were not completely identical 
and the distributions should be understood u approxiaationa. 

Source: K. Lani, ~- ~ - , p . 43 . 
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Army 
Navy 

Tnhl • II 

ENLISTEll PEHSONNKL IN MENTAi, CL,\SSH'ICATIONS OI-' 
"AVERAGE" AND "ABOVJo: AVEHAGE" 

1913, 1957, nnd 959 

Se rvic e 1943 1957 1959 

(i;tround nnd s c rvi e f orces) 64.0S 73. 6% 83 .4, 
• 76. 7 83 . 5 

Marine Corps • 80 . 2 84.2 
Air Jo'orce (Air Corps) 73. l 84.9 90.0 

• No comparabl e data we r e available. 

Source : K. Lang, .£E· cit ., de r i ve d f r om R. E. Palme r, 
~ !!·, The Procurement and Tr·aining of Ground 
Combat Personnel (Washington, D.C.: War Depart­
ment, 1948), and U.S. House of Representatives, 
Committee on Armed Services, Hearings Before the 
Subcommittee on Utilization of Military Manpower, 
86th Congress, 2nd Session (Washing t on, D.C.: 
GPO, 1960) . 

. more middle mana1ement personnel are required to perform staff functions 
and to coordinate the wide variety of activities that occur in technolo1i­
cally orien·ted or1anizations. Tables 5 and 6 show that the Army and the 
Air Force have begun to develop such a bul1e in the middle levels of their 
enlisted personnel grade structure and in their commissioned officer grade 
structure. For both the Army and the Air Force, the proportions of en­
listed personnel at the E-3, E-4, and E-5 levels now exceed the proportion 
at the two lower levels. For the Army and the Air Fo rc e , the proportions 
of of ficers who are majors and lieutenant co lonels are now highe r ~han 
has been true in the past. A similar trend has occurred in the Navy. 
Critics have referred to this as a "grade creep" but Morris Janowitz, 
the prominent sociologist and student o f military organization, has pointed 
out: 

The chan~ed pattern of rank gives the impres s ion o f an inflation 
in rank, and a corresponding diminution of authority. A com­
parison of the actual rank diE. tribution in the Army and Navy in 
1920 and in 1950 shows that the "upper middle ranks" of colonel 
and lieutenant colonel (of captain and commander in the Navy) 
have increased proportionately, while the lowest officer ranks 
have respondingly declined . This parallels the changing patte rn 
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Tabl • 5 

GRADE DISTRIBU'l'ION OF ENLISTED PERSONNEi OF 11fE ARMY AND 11fE AH FORCE 
1935 t o 1962 

Both Services Armi Air Force 
Rank 1935 1945 1948 1952 1962 1948 1952 1962 --- --- --- ---
E-9 o/o % % % 0.2% % % G-5% 
E-8 0.8 1.0 1.2 
E-7 0.9 1.5 5.0 3.0 4.0 6.8 5. J 5.2 
E-6 1.3 2.9 5.1 5.4 8 . 4 6.1 6. 9,4 
E-5 3.6 8.3 10. 3 11.4 14.6 13.4 15.0 20.2 
E-4 9.4 14.3 14. S 22 . 6 21. 5 16.4 18.8 19.9 
E-3 9.0 20.9 19.4 26.5 24.4 18.4 21. 3 22.8 
E-2 25.5 29.8 28.2 20.4 11. 7 27 . 8 26.9 17.9 
E-1 49.5 22.3 17.3 8 . 6 14.1 11.2 6.4 3.0 

Source: K. Lang,~-£.!.!·, derived from Secretary of War, Annual 
Reeort, 1935 ; U.S. Army, Adjutant General's Office (for 
1945); Statistical Serv i c e s Ce nter, Off ice of the Cecre­
tary of Defense (for 19•18, 1952, and 1962 data). 

Table 6 

GRADE DISTRIBlrrlON OF OFFICERS OF 'mE ARMY AND TtU: AIR FORCE 
1920 and 1962 

Air 
Army Army Force 

Grade 1920 1962 1962 -
General 0.4o/o 0.5% 0.3% 
Colonel 4.1 4.9 3.6 
Lt. colonel 4,7 11. 7 8.9 
Major 14.9 16.6 22.0 
Captain 35 .9 31.2 38.4 
Lieutenant -10.0 35.1 26.8 

Source: M. Janowitz, !?£· ~-, p . 67 ; K. Lang, ~- ~ - , 
p . 69, derived from data provided by Statistical 
Se r li k e s Ce nt e r , Of f ice of t he Secretary of Defense. 
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of civilian social structure , where the upper middle class pro­
liferates because of the expansion of new professional and skill 
groups. In part , this represen ts an effort to raise the statu• 
and income of the soldier. In part , it represents a tendency 
of organizations to grow internally Basically, this expansion 
of the middle strata of ranks - - offi ers and enlisted 11en--i• a 
typical manifestation of organizations wh ch have grown 1110re 
complex. 

Janowitz has summarized his studies of the changing character of 110d­
ern military organizations by referr ing to three basic trends : (1) ~he 
"democratization" of the officer r ec ru_ tmen t base; (2) a shift froir, direct 
"domination" to indirect "manipulation" in t h basis of military authority; 
and (3) a narrowing of the skill differential between military and c:ivilian 
elite groups. Under these ca tegorj 3s 1 he has made the following co-•nt•: 

"Democratization" of the office·.· r ecruitment base. Since the 
turn of the century, the top mi litary elites of the major indu•­
trialized nations have been undergoing a basic social transfor­
mation. The military elites have b n shifting their recruitment 
from a narrow, relat i vely high-status soci al base to a broader, 
lower-status, and mor representative social base. The broaden­
ing of the recruitment base refl cts the demand for large nuaber• 
of trained specialists. As sk i ll b com s the basis of recruit­
ment and advancement , "democratization" of selection and mobil­
ity increases .. . . The Un ited States Air Force, with its large 
demand for technical skill, has offered the greatest opportu-
nity for rapid advancement . 

Shift in the basis of organization authority. It is common to 
point out that military organization is rigidly stratified and 
auth~ritarian in character because of the necessities of coa-
11and. . . . It is not generally recogn ized, however, that a great 
deal of the military establishment r esembles a civilian bureau­
cracy, as it deals with problems of research, development, sup­
ply, and logistics . Even in those areas of the military estab­
lishment which are dedicated primarily to combat or to the 
maintenance of combat readiness , a central concern of top com­
manders is not the enforcement of rigid discipline but rather 
the maintenance of high levels of initiative and morale . This 
is a crucial respect in which the military establishment hu 
undergone a slow and ~ontinuing change since the origin of au• 
armies and rigid mil itary discipline . 

Narrowin1 the skill diff~rential between military &nd civilian 
elite•. The consequences of the new tasks of military manage­
ment imply that the professional soldier is required more and 
more to acquire skills and orientations common to civilian 
adlllinistrators and even political leaders .. . . This is not 
to iapl)· that these skills are found among all the top mili­
tary professionals, ~ t the concentration is indeed great and 
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seems to be growing. The transferability of skills from the 
military establishment to civilian organizations is thereby 
increased.• 

At the snme time that Janowi tz appears to support the thesis that 
modern military org~nizations are largely becoming technology management 
organizations with many charact~ristics similar to those of technologi­
cally oriented civilian corporations, he also recognizes one crucial dif­
ference in the military technology management organization--the total 
military organization must maintain combat readiness. At any moment, it 
must be prepared to change its overall character from what is, in consider­
able part, a resear<.:h and development and systems-building and maintaining 
organization to a fighting unit in defense of the nation . In this regard, 
Janowitz has written: 

In the long run, under either the democratic or the totalitpr­
ian model, the military establishment cannot be controlled and 
still remain effective by civilianizing it. Despite the growth 
of the logistical dimensions of warfare, the professional sol­
dier is, in the last analysis, a military commander and not a 
business organization administrator. The democratic elite model 
of civilian supremacy must proceed on the assumption that the 
function of the professional military is to command soldiers 
into battle. t 

These considerations provid~ the underlying rationale for the strong 
need for the role of the military s•E officer, who in himself acts as a 
"transfer agent." He provides a link between, and is capable of acting 
in both, the world of science and technology and the world of military 
affairs. At the same time, the increasing tendency of the military com­
ponents of the defense establishment to become more and more like other 
civilian technology management organizations has reduced the perceived 
advantages of a military career for officers with advanced technical 
training. It has made it more difficult for scientific and engineering 
officers to foresee a series of continuously challenging roles for them­
selves Bt levels of increasing responsibility in the military s rvice 
when they may be able to have many more technical management career oppor­
tunities in civilian life. 

Research and Development in the Air Force 

How is the Air Force organized to meet its responsibilities in the 
face of rapidly advancing military technology? What general roles do s•E 
officers play in this organizational structure? 

• See M. Janowitz, The Military in the Political Developmen! of New 
Nations (Chicago, Ill.: University of Chicago Press, 1964) . pp. 117-121. 

t I bid. , p. 124. 
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On April 1, 1961, tt~ Air Force Research Division of the Air Re• • ,rch 
and Development Co1111and was separated f rom its parent co1111&11d and estab­
lished u the Office of Aerospace Research (OAR) . OAR was 1iven the status, 
althou1h not the title, of an independent major command . Thi• establish­
ment wu part of a general reorgan i.zation of the Air Force research and 
developaent activities that also saw the reorgan i zation of the Air Research 
and Development Command into the Air Force System• Command (AFSC). Part 
of the Air Material Command (All:) wa also merged wi th AFSC at tbi■ ti■e . 
OAR wu 1iven the main responsibility for the conduct of basic research 
and a few usicned explorator y development tasks for the Air Force . The 
or1anizational separation of research from development within the Air 
Force in this aanner i ■ in accord with advanced practice• in leadin1 aca­
deaic research or1anization• and in lar1e private corporation■, such as 
North Aaerican Aviation , Inc. ; the Ford Motor Company ; and the Bell Tele­
phone Laboratories.• 

A• in ao■ t technolo1i ~ally oriented ~r1anizations, developaent activi­
ties in the Air Force Systems Collllll&nd are much lar1er in scope, and hence 
in aanpower requirements, than the buic research activities in OAR. At 
present, about 29,300 military personnel and 37,000 civilian personnel 
are usicned to the Systems Command and about 550 ailitary personnel and 
1,400 civilians are u■icned to OAR.t Until recently, it wu e■ tiaated 
that the total number of Air Force officers usicned to professional level 
research and development activities in thes e two commands would increase 
to 9,300 by 1971, con■ titutin1 8 .4 percent of the total officer force in 
the Air Force, and that the total number of space• for civilian scientists 

• For a fur t her di■cusaiort of the rationale for, and advanta1e• of, the 
or1anizational separation of fundamental research activities froa 
applied research and development , see H. M. Vollmer, The Funda■ental 
Research Activity in a Technolop-Dependent Or1anization, a selection 
of paper• presented at the Tenth Institute on Research Administration 
sponsored by American University, to be published by the Air Force 
Office of Scientific Research , 1965 , especially the appendix on "Data 
on the Or1anizational Separation of Research from Development"; see 
also H. M. Vollmer, Work Activities and Attitudes of Scientists and 
Research Mana1era: Data froa a National Survey (Menlo Park, Calif.: 
Stanford Research Institute, a report to the Air Force Office of Sci­
entific Research, 1965). 

t U.S . Air Force, Secretary of the Air Force , Office of Inforaation , 
Internal lnforaation Division, Question• and Answer• about the United 
State• Air Poree (Wr.shin1ton, D.C.: Government Print1n1 Office, 
April 1965), pp . 78 • 81. 
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nncl cn~in rs woul d incr ~ase t o 20 , d90 .* l t is now estima t ed, howeve r , 
that the numl> rs of military pers nnc l assigned to r cscar·h and dov• l o p­
mc nt a ·tivi ties may l> d creased, bec aus e of the n 3 w policy r egard i ng the 
assignme nt ol' military perso nne l to "strictly mili tary" positic ns . 

Further informa tion r egarding the vari e ty of S&E aEaignments may be 
de rived fr mar view of the research and devel o pment activities of the 
Air Fo rce in te rms of t he six ma jo r DOD RDT&E program e l ements: (1) re-
s arch, (2) xploratory development, (3) advanced deve l opment, (4) e ngi­
nee ring developme nt, (5), perational syst ms de ve l opment , and (6) manage­
ment and support. Fii.r• ... r e l shows t he appro ximate size of e ac h effort, i n 
te rms of fisca l year 1965 budget allocations, and t he i n t rre lat ions of 
these e l ements . 

Resear ch (basic ) i n four scienti fic ar as (phy ical sc iences, e nvi ­
ronmental sciences, enginee ring science , and life science ) i s pe r fo rme d 
primarily unde r OAR direc tion. OAR consists of three main i n-house labo­
ratories --the Air 1''o rce Cambridge Resear c h Labo ratori es (AFCRL) at Hanscom 
Fie ld, Mass .; the Ae r os pace Resea rch Laboratories (ARL) at Wri gh t -Patte rson 
AFB, Ohio; and the F. J . Se iler Research Laboratory (FJSRL) at the Air 
Force Academy, Colorado--as well as the AFOSR in Washington, D.C., which 
sponsors research under grants and con t racts in unive r si ties, research 
institutes, and other outside organizations. The OAR al so administers 
other research support activities, such a s the Office of Research Analysis, 
the Churchill Research Range, and several domestic and overseas liaison 
offices, The F . J . Seiler Research Laboratory is, staffed predominantly 
by military personnel as sociated with the Air Force Academy. Other Labo­
ratories and offices, as well as the OAR Headquarters in Washington, D.C., 
are staffed by a mixture of military and civilian personnel . From 75 to 
80 percent of the research tasks under OAR management are carried out by 
exter1~l organizations, such as universities and nonprofit corpo ra t ions, 
and about 20 percent are conducted in-house. 

Exploratory development consists of act i vities directed toward the 
solution of specific technical problems short of the development of hard­
ware for experimental or operational testing. The Systems Command is 
responsible fo r ~xploratory development in the Air Force through three 
main activities: ( 1 ) the Research and Technology Division, responsibl e 
for the larger portion of ~xploratory development; (2) the Aerospace Medi­
cal Division, r esponsible fo r exploratory development in the life sciences 

• Geor1e M. Williams, An Analysi s of the Problems Encountered by the 
United States Air Force in the Motivation and Retention of Military 
Scientists and Engineers (Washington, D.C.: a thesis for the degree 
of Master of Engineering Administration in the library of the Geo.rge 
Washington University, February 1965), p, 15, derived from "Scientists 
and Engineers," Department of Air Force All Commands Letter, AFPRC-
13-3, l Nov, 1962, and "Ten Year Management Look, FY62 to FY72, Depart­
ment of the Air Force, DCS/ P, Directorate of Personnel Planning. 
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RESEARCH 
(Basi 

Research) 

$93 
Million 

Figur 1 

R&D PROGRAM ELEME T F< l.u\TIONSHIPS 

TECHNOLOGY 

EXPLORATORY 
DEVELOPMENT (Appli ed Re ear h) _________ _ 

$308 
Million ADVANCED 

DEVELOP. 
(Exp r ime ntal 

Design & Test) 
$351 

Million 

WEAPO S DEVELOPMENT 

ENGINEERING 
DEVELOPMENT 

SYSTEMS 
DEVELOPMENT 
• STRATEGIC (I) 

ering 

• DEFENSE (II) 
•GEN. PURPOSE (III) 
• AIRLIFT (IV) 
•GEN.SUPPORT (VII) 

$1,179 Million 

MANAGEMENT AND SUPPORT $656 Million 

NorE: The size of ea h of th blo k ntati of th amount re-
quested in each area. On th of goals nnd method , th 
five major elements can b group d into two g n ral at gori Re ar h, 
Exploratory, and Advanced De lopment und r th heading of T hnol g and 
Engineering and Operational S t ms De lopm nt und r th hading of w apons 
Development. Management and Support provid s f or op ration of R&D facili­
cilities including test centers, ranges, labs, and contra to r s upport. Also 
included are operating funds for AFSC Divi ion nnd C nt r s and OAR . 

Source: Plans Division, Dir torat of P rsonn 1 Plan and Training, DCS/P, 
HQ Air Fore Systems Comma nd . 
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area; and (3) specific exploratory de velopment tasks de le1ated to OAR . 
The main l•boratories and facilities of the Research and Technolo1y Divi­sion include: Rome Air Development Center, New York; Rocket Propulsion 
Laboratory, ldwards AFB, California ; Air Force Weapons Laboratory, Kirt­
land AFB, New Mexico ; Aero-propuls ion Laboratory , Wri1ht-Patterson AFB, 
Ohio; Avionics Laboratory , Wright-Patterson AFB; Air Force Fli&ht Dynaaic■ Laboratory, Wri&ht-Patterson AFB; Air Force Materials Laboratory , Wri&ht­
Patter■on AFB; System■ En1ineering Group , Wri1ht-Patterson AFB; and the 
Directorate, Armament Development, E&lin AFB. The main laboratories and 
facilities of the Aerospace Medical Division include the School of Aero­
■pace Medicine, Brooks ~FB, Te xas ; Aeromedical Research Laboratory, Hollo­
man AFB , New Mexico; Arctic Ae romectical Laboratory, Seattle, Washin1ton; Aerospace Medical Research Laboratory, Wright-Patterson AFB; Personnel 
Research L•boratory, Lackland AFB , Tex•s ; and the Bpidemiolo1ical Labora­tory, Lackland AFB. 

In accord with the requirements o f its particular mission, the Air Force Weapons Research Laboratory has a lar1er concentration of military 
per■onnel than the other laboratories . About 85 percent of the total Air Force exploratory development effort is conducted by universities and 
industrial firms under contract and about 15 percent is ~onducted in-house. 

Advanced development is directed toward producin1 major hardware iteu for experiaental test or en1ineering feasibility demonstration■. Thia cate1ory includes projec.ts that have advanced to a point where the develop­aent of experimental hardware ! or technical or operational testin& is re­
quired before the determination of whether the item■ ■hould be produced for operational use . These item■ are not weapon■ sy■ tema. They are one-· of-a-kind component■, sub■ysteu, or test vehicle■ that are built to teat 
idea■ to provide the kind of technical data that are needed for subsequent en1ineerin1 desi1n efforts . Almost all of this work is done by private 
industry under contracts managed by the followin1 divisions of AFSC: the Aeronautical System■ Division, the Ballistics Sy■ tem• Division , the Elec­
tronic■ Systems Division , and the Space Systems Division. 

Bn15ineerin15 development includes programs that are being en1ineered for Air Force u■e, but have not yet been approved for production and 
deployment. The basic orientation in this cate1ory is en1ineerin1 rather 
than scientific in the sense that technolo1ical data used by the de■ i&n 
en1ineer have already under1one extensive experimental te■ tin1 in explora­tcry and advanced development phases . The objective 1■ to build and to 
teat rather than to explore . The main task in this cate1ory i■ to identify, 
■elect, and useable components, subsystems, and promi■ in1 de■ip ideu and put them to1ether into a coordinated weapon ay■ tem de■ip tbat will serve a specific military purpose . 

Responsiblitiea for the performance 
or "■y■ teu en1ineerin1" activities have 
tor■ under AFSC mana1e .. nt, as follow■: 
Space Syateu Division, Space Technolo1y 
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Sy•teu Divi•ion, Mitre Corporation for the Electronic■ Sy■ teu Divi•i~n, 
and Sy•teu ln1ineeri n1 Group at Wright-Patterson AFB for the Aeronauti­
cal Sy•te■• Divi•ion . 

While in en1ineerin1 development , the focu• is on ay•teu en1ineerin1, 
in operational •yateu developr:E_! the focus is on the ■anufacturin1 , pro­
duction, and deployment of wea~ons s ystems for the Air Force under it• 
•y•teu pro1ru offices (SPO) . In the operational ■y•teu developaent 
pha•e, the Air Force enters into full scale operational te•t and evalua­
tion of weapona •y•tema approved for use and deployment. 1oward thi• 
objective , Air Force systems project of ficers work in clo•e cooperation 
with ■any aero•pace industry contractors. 

The ■ana1e-nt !!!,!! support category in the total DDMI e f fort i• 
pri■arily a fi•cal cate10ry, set up to provide AFSC and Headquarter•, OAR 
with fund■ required for the pay of civilian personnel, supplies , equipaent, 
utilities, ■inor ■aintenance, and other services needed to acco■pliah the 
■iaaion• of the above RD1'III categories . However, this does not include 
the QA& laboratories, AFCRL, ARL, AFOSR, and FJSRL, which are provided 
-na1e■ent and support funds under the res ,earch pro1ram element. 

'lbi• brief review of the organization of research and developaent 
activitie• in the Air Force points to the followin1 conclu•ion•: 

l. 'lbrourhout its research and development activities, the Air Force 
ha• put to1ether an Air Force-industry team to conduct activitie• 
that are ao•tly performed by outside contractor• workin1 under 
Air Force contract management throu1h AFSC and OAR; hence, the 
appropriateness of designating AFSC and OAR as, of nece••ity, 
the ao•t technological-management-oriented par t rs of thf: total 
Air Force, which wu earlier identified u a "■ilitary technololY 
■anageaent or1Mization . " 

a. Air Force SU officer■ play vital roles in tran•latin1 probleu 
of military technology into probl•~ms for research and developaent, 
on one hand, and in translating f indin1• and innovations fro■ 
re•earch and development into ~onsiderationa that can aodify and 
redirect ■ilitary strate1Y and planning, on the other hand, at 
all •ta1e• of the RD1'III process . 

3. Variou• ata1e• of the RDTl&I process require different •kill• and 
tal~nta on the part of s•1 officer■, as will be •hown further in 
the followin1 section. 

Si■ilaritie• and Variations in SU Officer Roles 

Air Force officer• can be divided into three ■aJor uai1n■ent cate-
10r1••• accordin1 to their Air Force specialty codes; (1) operations 
officen (e,1,, pilots, navigators, weapons officers, ■iaail• officer•, 
safety officers), (a) technical officers (e,1,, off i.cera in security, 
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intelligence, information, admi nistrativ / personnel , comptroller, or 
materials assignments), and (3) St.E officers (e . g . , o f ficers in civil 
engineering , electronics and maintenance, and scientific and engineering 
development categories) . This report is especially cone rned with those 
in SkE categories, and especially with those in scientific and development 
engineering (SkDE) fields within the larger scientific and engineering 
field. The fiscal year 1965 Air Force requirement has been for approxi­
mately 7,000 SkDE officers to accomplish its research and development 
missions.* 

Table 7 shows that at the higher Air Force officer ranks (lieutenant 
colonels and colonels), proportionately more officers are required in 
technical (management staff) categories and proportionately fewer are 
required in line operations categories, which reflects the bulge in mid­
dle management categories that was poin t ed out earlier as being character­
istic of technology management organizations. This bulge can be seen also 
when one looks at Table 8 , showing that higher proportions of majors and 
lieutenant colonels than of lower grade officers are required in ~D man­
agement categories within the Sld>E field. 

The scientific utilization field (Air Force Specialty Code L\FSC] 
26XX) includes those who are directing or performing duties as staff sci­
entists, mathematicians, physicists, chemists, metalurgiata, nuclear 
research officers, behavioral scientists, ~'\Jld others . Although it is 
important to point out that scientists are not interchangeable with regard 
to their subject matter specialties, officers in this career field engage 
in the same functional activities, i.e., basic research, applied research, 
and research testing. 

The development engineering utilization field (AFSC 28XX) includes 
those who are directing or performing duties as staff development engineers, 
electronics engineers, mechanical engineers , astronautical engineers, aero­
nautical engineers, aerospace research flight teat officers, and special 
development engineers in other categories. Again here, it is important 
to point out that development engineers are not ordinarily interchangeable 
with regard to their subject matter specialties, but they have in common 
the performance of similar functions, such as design studies, advanced 
development, and test and evaluation. 

The research and evelopment manager field (AFSC 27XX) includes two 
specialties: (1) research and development directors, who admini•ter, 
monitor, evaluate, and coordinate research and development programs and 
projects for scientific and technological application to strategic and 

• U.S. Air Force, The Road Ahead for Scientific and Development Engineer­
.!.!!i, Phase IIA (Washington, D.C. : U.S. Air Force, AFPDP, 1964), p . 4, 
as corrected. 
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Tabl 7 

R~UIREMENTS FOR AIR FORCE OFFICERS BY GRADE AND BY 
MAJOR OCCUPATIONAL CATEGORY 

1965 

Lt. 
All AF 

Officer s 

Lieute nant s 
and 

Captains Majors Co lonels Colonels 
Operations categories 46% 47% 49% 43% 38% Technic al categories 29 27 28 33 37 Scientific and engi-
neer ng categories 25 26 23 24 25 
Total 100% 100% 100% 100% 100% 

Source: The Road Ahead, Phase II (Washington, D.C . : U.S. Ai r Force, AFPDP, 1964), p. 4 . 

Table 8 

RIQUIREIIENTS FOR AIR FORCE OFFICERS IN 111REE SW>E 
CATEGORIES, BY GRADE 

Lieutenants 
Captains 
Majors 
Lt . colonels 
Colonel 

Total 

All SW>E 
Officers 

(6,986) 

15.1% 
39 . 6 
23 . 8 
14.8 
6.6 

99.9% 

1965 

Scientific 
(AFSC-26XX) 

(1,112) 

25.1% 
44.3 
21. 3 

8 . 2 
1.1 

100.~ 

Development 
Engineer in& 
(AFSC-28XX) 

(3,980) 

18.9% 
49 . 8 
23.3 

7 . 5 
0.5 

100.0% 

RW> 
Management 
(AFSC-27XX) 

Cl, 894) 

1.5% 
15.5 
26 . 3 
34.0 
22.7 

100.0% 

Source: The Road Ahead, Phase IIA (Washingt n , D. C. : U.S. Air Force, AFPDP , 1964) , p. 4., as corr cted . 

21 



tactical requirement , and (2) r search and development officers, who manage research and deve l opme nt s uppo1 ~ activities . The latter are pri­marily administrative suppor t managers, the fo rmer are priaarily line managers in a.o activities, with at l east a bachelor'• degree in a science or engineering fie ld, or compl etion o f an Air Force Institute of Technoloc (AFIT) two-year undergraduate r esid nt enginee ring course as a mandatory educational prerequisite. 

Officers in the above three categor ies manage or conduct activities in the Ai r Force res earch, exploratory de ve lopment, advanced develop■ent, and engineering deve lopment fie lds . Office rs in the aysteu program man­agement (SPO) fie ld (not included within the s•oE field) man.age operational systems development ac t ivities . Thes e include systems project managers, staff officers, and specialists in various other aspects of Air Force weapons systems . A summary of the mi nimal educational and experience requirements and typical grade s preac for S8'DE and SPO officers is ahown in Figure 2 . 

This brief review of the various roles of Air Force officers in the RI>TliE process, described earlier, l e ads to the conclusions that: 
l. There are a wide variety of specialties a110n1 Air Force officer assignments al~ng the RDT•E spectrum requirin1 highly specialized skills that are not readily interchangeable, except in the ■iddle level (major through colonel) a.o management and weapona ayateu management positions, where the officer is typically required to have at least a bachelor's degree in some scientific or engineer­ing field and an appropriate amount of experience in RID or weapons systems activities t o qualify hi■ for this higher level mana1ement position . 

2. From a career development standpoint, the Air Force is developin1 S8'DB officers into a.I> mana1ers and weapons ayateu specialists into systems project managers, recognizin1 that to pro11~••• officers in neither category will be expected to re■ain in bench­level nonsupervisory positions. 

3. At first view, there are essentially two kinda of a.I> aanagera in terms of their functions and requisite career developaent back1round-- (a) a.o directors with ctirect line responsibility for the ~anagement of ~D programs and (b) Rid> officers with responsibility for managing the administrative support services necessary to accomplish a.omissions. (The followin& chapter will point out that there are also two main kinda of RliD direc-tora--"techni cal managers" and "technoloKY 11ana1e■ent 1ener­alists . ") 

4. RecoiJlition that the fundamental responsibility of an Air Force officer in a.o activities is likely to beco■e, sooner or later, a ■ana1ement responsibility is in accord with the thesis devel­oped earlier that the Air Poree, especially, a110n1 all the araed 
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ser vices , is becoming more and more a mil tary technology man­
agement organization . 

The SlE Off icer Retention Problem 

The nex t chapter will go into more detail on the f unctions of R&D 
management and how it differs from other k nds of management , as f urther 
background for this examinaUon of the role and career development of SlE 
off icers in the Air Force . First , however , a brief review will be made 
of the magnitude of the SlE officer retention problem in the Air Force . 

Although the Air Force is primarily a technology management organi­
zation--in fact , a technology management organization of a special kind-­
one which must ma i ntain combat r eadiness as well as technological exper­
tise--the Air Force capability to maintain its dual competence in this 
regard has been reduced by its low retention r ates for SlE offi cers . The 
fiscal year 1963 r e tention rates for all Air Force officers in the opera­
tions categori.es was 56 percent · fo a.11 officers in the technical manage­
ment categories , ~6 percent : and for all officers in the scientific and 
engineering categories , 27 percent . • The retention rates for rated offi ­
cerst is ordinarily high (e.g . , more than 60 percent) , but the retention 
rates for nonrated AFROTC graduates, many of whom have qualifications f or 
RliD management po■ itions , run as low a■ 20 percent. Becau■ e of these low 
retention rates among tec hni cally highl qualified young officer■ and 
becau■ e of the large requirement■ for officer■ in the middle management 
■cientific and engineer.ing categorie■ , a• shown in Table• 7 and 8, the 
Air Force 1• becoming increasingly hindered in maintaining , let alone 
enhancing, its capabi l ities a• a military technology management organi­
zation . 

Several ■ tudi.es have provided clues on why the retention rates of 
officers in the ■cienti 1 -C nnd engineering and in the technical management 
categorie■ have ·been so low . Thu■, an ongoing study by Charle■ H. Coate■ 
ha■ reported that : 

The technological revolution in warfare has greatly al terea the 
criteria for recruitment and retention of military per■onnel . 
The narrowing of the differential between military and industl'ial 
■kill• ha■ placed the military e■ tabli■hment in direct competi ­
tion with civilian business and indu■ try for qualified manpower. 
As a re■ult , the armed services find themselves faced with seri­
ou■ problems of attacting and r etaining military careerists . . . J 

• U.S . Air For e , The Road Ahead , Phase II p . 6 . 
t Tho■e who have qualified in flying status. * See c . H. Coates , "The Influence of Sociological Factors on the Accep­

tance or Rejection of Military Careers , " a paper presented at the 
annual meeting of t he American Sociological Association , 1965 . 
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Prelimi nary fi ndings f r om t h is study have i ndicated t hat the f actor th r t 
is aost predic tive of whethe r an officer wi ll decide to remain in a career 
in the Army, Navy, Mar i nes , o r Air Force i s the s ocioeconomic bacqround 
from which he has come; those who have come from the middle , lower ■iddle , 
and working classes of Ame r ican s oc iety are mor e like ly t o decide on a 
career as a military off ice r, wh 1l those who have come f rom upper and 
upper middle c lass backgr ounds ar morel ke ly t o r es i gn f rom a military 
career.• Thi• is in s pite of the d gr to wh ich military organizations 
are increasingly becomi ng technology managem n t o rganizations , in which 
individuals of advanced tra i ni ng , c ultur a l soph istication , and leadership 
abilitiea--characte r i s tics of t en associ a ted with upper and uppe r middle 
cla•• status--are i nc r asingl y requ ir d The tru t h of the matter is that, 
•• a current study by Bi de r man a nd Shar has shown , off i c ers with higher 
education {i .e . , college gradua te ) are mor e l i ke ly t o be lie ve that their 
abilities will be used to b tter advantag in civilian c areers than in 
military careers , whil e the reverse is mor of t en t r ue among off icer• of 
le•• education . t Of fi cers ' perceptions of civi l i an careers are , in turn , 
affected by civilian labo 1· mark t demand . A study conduc ted by the U.S. 
Department of Labor in 1q61 has i nd icat d t ha t the demand for scientists 
and engineer• in the c i vil i an economy is c l i mb i ng and wi.ll continue to 
climb in pract~cally all occupa tional areas . * 

The Air Force has s everal al te r na t i ves i n attempting to solve the 
retention problem for o f fic e rs of h i ghe r educ ational attainments, u are 
required in its more tec hnic ally oriente d ac t i viti e s . 

1 . To 1·educe its de partment-l ev 1 technology management capabilitie■, 
while attempting t o ma i n t a i n i ts strictly military combat readi­
ness capabilities , allowing o the r "more civilianized" agencie■ 
(e.g., a defense R&D agency a t the OSD l e vel) to atte•pt to ■ain­
tain defense~ c apab i l i t ies . The main disadvantage of this 
alternative would be to i nc r e ase the organizational distance 
between the agency t hat needs to use new advances in technology-­
the Air Force --and t he agen s t hat would be producing the tech­
nology, a centralize d ~D agency and its contractor• . 

• _!ill , For similar f indings , see also F . Ewi ng and R. W. Alford, USAF 
Career Decisions: Predictability of Initial Career Intent {Lackl~ 
AFB, Texas: Personnel Research Laboratory , li65) . 

t See A. D. Biderman and L. II . Sharp , "The Convergence of 11111 tary and 
Civilian Occupational Structure ," a paper presented at the annual •••t­
ing of the American Sociological As sociation, 1965 . For ai■ilar find­
ings, see also F . o . Harding, R. L . Downey , and R. A. Bottenberg, Career 
Experience• of AFIT Classes of 1955 and 1956 (Lackland AFB, Texas: 
Personnel Research Laboratory , 1963) . * U.S. Departmer. t of Labor , Bure au of La bor St atistics, The Loni Ran1e 
Deaand for Scientific and Tec hnic al Personne l (Washington, D.C.: 
National Science Foundation , l~oij . 
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2. To keep R&D activities within the Department of the Air Force 
structure , but to "civilianize" them by giving civilians primary 
management responsibilities (in contrast to performance responsi­
bilities) in AFSC and OAR, while using military personnel primar­
ily for military operational assignments . The main disadvantage 
o f this alternative would be to decrease the value of military 
personnel as integrators or "couplers "--the human links betwe n 
military technology and research and development . No civilian 
groups combine wi ~hin themselves the same degree of appreciation 
f or military requirements and scientific and technical possibili­
t ies as do those who are both professional military men and pro­
f essional scientists or engineers. 

3. To seek ways and means to increase the retention rate of th kind 
of scientific and engineering officers that the Air Force nc•ddS 
most to maintain its military technology management capabilities; 
that is, by ma 1• 1 ng their career opportunities in the Air Force 
more challenging than alternative civilian careers . This report 
will examine this latter approach in detail . 
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Chapter Ill 

MANAGERIAL RCLES IN A TECHNOLOGY MANAGEMENT ORGANIZATION 

In its "ideal type" or "model" form , a technology management organi­
zation differs from a trad i tional form of bureaucratically administered 
or1anization i n several impo rtan t r pect , all of wh ich have consequences 
for managerial roles . Her , thee mod l s wi ll be d iscussed , recognizin& 
that the Air Force , or any other s pecific o rganizat ion , in reality shares characteristic of both models . 

The ideal typ of administrat ion i dentifi d i n the literature as 
"bureaucratic" is charac te r i zed b t h following : (l) there is a clear 
cut division of labor i nto j ob po itions along functional lines; (2) there is a hierarchy of managerial pos itions s tructured into a pyramid of in­creasing 1enerality of authority over subordinate position&; (l) work 
activities are governed by a cons istently applied system of formal and in­formal rules generated from organizational pract i ce (i.e., precedent) ; 
(4) impersonality character i zes the performance of job requh·ements, e,1,, a man is fitted t o the c r ~ e r i tics of a job, rat her than vice versa ; 
and (5) a career progression is prov i ded for entrants at the bottom level, 
movin1 upward through the management hie rarchy as increasing experience 
is acquired by an individual at each managerial level.• 

A technology management organiza tion , in its extreme or ideal type 
form, is almost the exact opposite . It i s characterized by the followin1: 
(1) there is a somewhat blurr d divi ion of labor, with activities often or1anized along project lines i, ways that intersect functional divisions in the or1anization ; (2) there is a dual h ierarchy of authority in which technical authority resides essent i ally in one chain of command (ordinar­
ily a short chain) and admini trative authority re ides essentially in the ·other chain of command (ordinari l yalonger chain) : (3) the work activities of technical professional per onne l are governed by largely informal rules generated from professional practice , which transcend, and for professional personnel take precedence over, rules gen rated in the employment relation­
ship with their employing or ganiza •ion ; (4) job content is determined by, or at east markedly affected by , the characteristics , abilities, and in­terests of the job occupant · and (5) there i a " dual ladder" of career 

• This is an adaptation of Peter M. Blau ' s elements in the concept of 
bureaucracy appearing in Bureaucracy i n Modern Society (New York: Ran­
dom House, 1965) , pp . 28-31, which is , in turn , derived from Max Weber, 
The Theory of Social and Econom ic Organizat ion Glencoe Ill : Free 
Press , 1947), and Max Weber , From Max We ber , Essays in Sociological 
Theory (New York: Oxfo rd Un iv . Pres , 1946) . 
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pporlunilics, one b ing a s hort ladd ~r for lhos in css •nlia ll y l<.:t.:hnical posit.ions ,genera ll ending at th pos ition of l •hni ·ul proj l manager; the ther being a longer ladd r for tho i n administrative positions, leading from the lowe t lev 1 admini trativ managem nl po ition lo the high st lev l managem nl position in th le hnol g manag m•nt organiza­tion. In s uch a dual ladde r , t chnl al prof s sional p ~rsonn l can move from essentially technical management positions into adminislrativ man­ag!ment position I but not without taking on incr a ing administrative responsibilities at higher lev l s that pr nt th m from ex r cisi ng and maintaining th ir own t chnical capabili i in tho mann r that would be possi ble if thy w r tor main int hnical position . 

The contrast between a bureaucratic administraliv f rm of organiza­tion and a technology management form can b highlighted b the paradigm of managerial authority shown in Figur 3. In a bur aucratic administra­tive form of organization, management typlcall has a smal l amount f 

Figure 3 

AMOUNT OF DISCRETION IN MANAGERIAL AUTHORITY AS CHARACTERISTICALLY FOUND I BUREAUCRATIC AND TECHNOLOGY MANAGEMENT ORGANIZATIONS 

Area of Authority 

Authority to initiate 
actions of subordi­
nates by means of 

Selective hiring 
Specific work 
orders 

Authority to evaluate 
actions of subordi­
nates in terms of 

Technical quality 
Achievement of 
administrative 
requirements 

Amount of Discretion Allowed to Bureaucratic Manag m nt 
Ideal Type or Mode l 

Small amount 

Large amoun 

Large amount 

Large amount 

T chnology Manag ment 
Ideal T pe or Model 

Large amount 

Small to large 
amount 

Small amount 

Large amount 

Source: Stanford Research Institute. 
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diacretion in hiring personnel b cause personnel are selected to fill pre­specified job requirements , and th is can be done in an essentially ro• ► 1ne manner by matching individual qual i ficat i ons from a list of names on a re1i ■ ter with job requirements , a i ordinarily done in the Civil Service and in the military assi~nment ystems . In a technology management organi­zation, however, prespecified job requirements characteristically do not exiat in any gre~t detail, and manag ment must use a large amount of dis­cretion in hiring any technical profe sional person , in terms of manage­ment'• a■ sessment of t he uniqu c ntributions that would be expected from hi• employment. In a bureaucratic organization, management is expected to give detailed and specific work orders to subordinates, but in a tech­nology management organization , management may or may not be expected to give detailed and specific work orders, depending on the type of function managed (e .g ., a bas c research function in contrast to applied research or development) . 

Perhaps the key difference b tween he bureaucratic form of organiza­tion ana a technology management organizat i on is in the amount of authority that higher level management is ordinarily given to evaluate the technical quality of subordinates ' performance . In the bureaucratic form of organi­zation, all management has the direct re ponsibility to evaluate the tech­nical quality of subordinates ' performance . In a technology management organization, higher level management has the indirect responsibility to evaluate the technical quality of s ubordinates' performance (but it is or­dinarily exercised through the j udgments of technically qualified project managers.or technicall qualified consultants or members f d • - Ur) groups). 

In both kinds of organization , however, all levels of management can exercise a large amount of authority in evaluating the degree to which subordinates' efforts meet the administrative requirements of the employ­ing organization, e.g ., the degree to which performance requirements are achieved, time schedules are met , administrative rules and regulations are adhered to, and budget allocations are not exceeded . 

What has been presented here is the outline of the ideal type or model of a technology management organization , showing how such an organization, especially in its dealings with technical professional personnel, differs from the more familiar form of bureaucratic admin i strative organization. However, a■ was indicated earlier , most organizations that could be desig­nated by many criteria as being of the technology management type--the Air Poree, for example--are in reality mixed forms of organization that include 

• There have been proposals for systematic approaches to the evaluation of technical quality not based on expert judgments; see, for example, H. M. Vollmer, "Evaluating Two Aspects of Quality in Research Program Effectiveness," a paper presented before the Second Conference on Re­search Proaram Effectiveness, sponsored by the Office of Naval Research, 1965. Until such an approach is generally accepted, however, the evalu­ation of technical aspects of performance in technolo1y management or-1anizations still tends to be an indirect matter of qualitative judg­aenta by expert■. 
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both bur aucrati and technol g , m n g ment elem nts . This mixture is 
implemented by h thr e main m nageri l role to be found in technology 
management organizations : l) the techn ica l m n ger role, 2) the admin­
istrative mar ger rol , and (3) the technology m n gemen generalist role . 
The following ctions of t hi hap ter di cus t h main c h racteristlcs 
of each of t hee r les and compar t hem in term of v ilable data . Fi­
nally, they indicate wh ere Air Force scientific and engineering officers 
can bet fit i nto the manag rial truc t ure and an make their most sig­
nific nt contributions . 

The Technical Manager Role 

Technical managers ar 
gram effectiv ness within 
report of a National Ac dem 

key pr onnel contri buting t o project or pro­
technology man gement organ iz tion . As a 
of ciences committee has p inted out : 

Th effectivene sofa proJ ect team appears to depend ver 
largely upon the abilitio of the few men who form its nucleu s 
or core . As shown in the case tudies of Titan 11 and t he 
Naval Tactical Data Sy tern that w r e pr p red for this Commit­
tee, the technical and 4dmini~trative ma~agement of the sy tern 
deve lopment proce at both government and indu try l vel wa s 
pe rformed by a handful of ke i nd ividual s .. .. The early 
identifi ation, development , and ssignment f me n capabl f 
playing key roles in the techni l direction of big proje L-
is one of the mot important re, pon ibilities of t op manag -
ment in comp ni es engaged in large-scale re e rch a nd deve l­
opment . * 

It is often claimed tha t the role of the te ln ica l m nager has been 
created by the requirements of "big cience" and compl x technology, which 
require technic l pro ect manager to act in a role ome hat analagous to 
that of a symphony conductor : 

The big projects nd gre t laboratories a re gradually leading 
to a new kind of c reativi y 1n science . By pooling their in­
dividual talents and efforts in a common purpose, the members 
of such organizations are able to attempt new ventures with a 
boldness and on a scale f a r beyond the scope of the individua 
It is a collective creativity rather like that involved in, 
for example, producing an opera or a ballet. In these one 
needs not only the Stravin ky 's and Ben j amin Brittens but also 
all the various orchestralists, solo sts , chorus, designers, 
costumers, and producers . They all create as ndividuals, but 

• See Committee on Utilization of Scientific and Engineering Manpower, 
Toward a Better Utilization of Scientific and En1ineerin1 Talent, a 
Pro1ram for Action (Washin1ton, D.C . : NationQl Academy of Sciences, 
1964), p. 2~ . 

30 

• 



to the common purpose, and it i the r es ult of all their ef­forts, the collective er ation , that is t he fini hed work of art. Many modern laborator ies are triving to achieve the same sort of thing in scienc • 

However , the characteristic of the t echn ica l manager role originate in the relationship of univ e r sity f culty s ien tl t with their students before most of thes sl udent , o r faculty ci ntists , have had any con­tact with what they ordi narily i d nt ify as "big science" in complex lab­oratories on the out ide . Thus Profes or Warren Hagst rom , who has tudied this subject exten ively, has point d out : 

In laboratory science in U.S . un ive r itie , th a sistance of graduate students and postdoctoral fellow is i nd i pen ible to a professo r ' s res arch. A large proport ion of th art ic les in such per iodicals as the Journal of t he Americ an Chemical SocJ­
~ are ointly wr itten by a prof sor and h is students . Thus an experimental physicist could an wer the que tion, "Does hav­ing students contribute to our own r e earch?" by saying "Yes-­the · do it ," without being too facetious. t 

Hqstrom goes on to point out that th relationship between professors and students in their scientific activities is not one of free collaboration, but rather one more like that of a master and apprentice . He reports that a majority of the faculty in physics and chemistry departments he studied said that the professor really selects mot dissertation topics among his students, and he cites a previous study by Bernard Berelson indicating that only 2.5 percent of the latter ' s ample of scientists said that stu­dents select most dissertation topic .* Students may elect to work under professors who have similar intere~ts , but once the students enter into the master-apprentice relat ionship , they proceed to work on topics under the direction of faculty "technical managers." 

Thus scientists learn early to play a role of providing technical support to lead scientists, in the fir t instance, their faculty advisors. Also leading scienti s ts learn i n un iver itie to conduct re earch requir­in& the technical assistance not only of semis ki lled and semiprofession­alized technicians, hut al so of highl y trtined pro fessional assistants, e.,., postdoctoral fellows in many c a es. 2 

• 

t 

See A. H. Cottrell, "Scienti ts: So lo or Concert d? " in The Sociology of Science , ed. by 8 . 8Rrber and W. Hirs h (G lencoe , Ill.: Free Press, 1962) , p. 391. 
See W. 0 . Hagstrom, The Scient ific Community (New York: Bas ic Books, 1965) , p . 125. 
Ibid. , p . 131. 
In scientific research activitie i n the largest universities , there is now an almost even rat i o of facult to nonf acult y research associates; see H. M. Vollmer, T . R. LaPort , W. C. Peders n , and P. A. Langton, Adaptations of Scientists in Five Organ izations: a Comparative A alysis (llenlo Park, Calif.: a Stanford Research Institute report to the Air Poree Office of Scientific Research , 1964) , p. 14. 
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In i ndus lr and o the r nona ·ad mi cont xls, mu ll idJscJ pl inary teams arc nften r equired Lo work on problems of inte res t Lo Lhe s ponso ring cor­poration unde r th direction o f techn ica l manage rs , who ope rate in a role analogous t t hat of facult and students, or at least to ·ac ul ty and postdocto ral fellows . Whe r e access to complex eq uipment , such as nuc l e ar reactors or part icl accele ra t r , i s r qu i r d to condu ct research, pres ­sures toward organization into pr ject Learns und r lead i ng ' Cientists as techn i cal managers are incr a ct. An informa l cod of e thics has devel­oped out of common practice to assign c r edit and r es pons ibi lity for the results of such collective efforts for whi ch one individual has as s umed the major responsibilit y for technical manageme nt: 

Although collaborator in this type of j oint wo rk may s hare i n the recognition given the publis hed pape r s, t hey may make the division of labor altogether clear . Usually the s ci e ntist who initiates the problem will sign his name first , a ssuming the major responsibility for the results, and the scientist whose technical assistance was sought will sign his name second.* 

Although the scope of technical managers ' duties and the numbers of professional and subprofessional personnel assigned in large systems de­velopment projects and programs ordinarily greatly exceed those in smaller research projects , the main responsibilities of technical managers in both kinds of activities are essentially the s ame in nature: (1) planning the research design, or the sys tem developm nt design, from its initiation through to its final com~letion in final form and (2) controlling the project activities both in terms of (a) ach ievi ng administrative require­ments and (b) achieving technical quality requirements. Thus, although it waspointed out earlier (see Figure 3) that overall management in a technology management organization ordinarily exercises a small amount of direct control over the technical quality of the work of its technical professional employees, this is not the case with those members of manage­ment in what are described here as technical management roles . Technical managers typically exercise a great deal f control over the technical quality of project work under their supervision. They are charged with this responsibility by the overall management of their employing organi­zations. What is more, their subordinates expect this. Even scientific personnel, who are widely noted for their desire for fre edom from manage­rial control, willingly submit to the control of technical managers on specific research projects. They have been trained to accept this kind of authority from the time they were students i n a university. They can accept this authority because technical managers are more likely than not to be senior professional scientists . 

• See Hagstrom, .2£ · £!.!· , p . 117. 
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Th Adm i n istraliv Manago 1· R 1 

Technical manag rs hav th direct r •s ponsi bility for th t c hn ica l function in at chno l og manag m nt organization, but admini trative manag r in uh upport functi o n as budg ting, con tracting, plann i ng, c hedu l i ng , p rsonn l dmini tration, t echni c~l inf rmation, and publi information al uo mak v i tal contribution to the s uc c ssful operation of a technology management organi zat ion . In fact, a wa i nd icated i n th pr viou chapter ( see Table 1) , an increas i ng number of nont c hn ical ad­ministrativ pr onn l i chara t r isti of organizat ion s as thy b come more and more technolog management organizati n . This also ace unts for much o f the c hara te r is ti c bulge in middl manag m nt in thes organi­zations . 

Todd LaPor L has s t1Jdi d e xtensiv 1 th rol of administrativ man­ag rs in th r sear ch activiti sof a leadin a rospac corporati n . LaPorte found that i n th ir rol , dmini tralive manag r s ar most like l y to emphasiz ski ll s in o rganizational matt r · and human r lations. Th main o rganizat ional s k i ll cal l ed fr is a kn wledg e f compan p licies and procedur s, along with g n ral bu ins s kill s and th ability to han-dl large quant iti s of d tails . * Thi with th role oft ch-nical manage r , who 
tenc s. t 

primar mphasi i. on t chnica l kills and compe-

A clear pic t ure of diffe rences betw en th technical manager role, and the kinds of qual ification r qui r d t o f i ll it, and th administra­tive manager rol and th differ nt r qu i r m nt s for its i ncumb nts, e m rges fr m th s findin g . 

Diffe r ences in the f uncti ons f th two roles and i n the kinds of individuals required to fill them can, in turn, lead to di s ruptive con­flicts within technology management organiza tions. Such conflict hav b en no ted in Vollm rand Pedersen's study of a universit research or­ganization. The study concluded that a fundamental source of thi c.on­flict was in the fact that administrat iv managers , b cau e f th na t ur of their work , often d ired a more ord rd or bureaucratiz d form of organization than wa~ predom i nant i n t h i r 1 os ly tructur d univ r ity l abo ratory environm nt . * 

• Se Todd R. La rte , Organization for Rs arch: Condition of Strain and Accommodation in an Indu trial Research Organization (Stanford , Calif.: a doctoral disse rtation in th Stanford University Library, 1963) , p. 63. These f ndin~s on the rol e of admini trative spe<!ialists have been confirmed in furth r case tudies of a unive r sity res arch laboratory and a private industrial 1 borat r in th atomic f ie ld; see Adaptations of Sci ntist Organizati ogy and Technical App ndix , pp . 28 , 63. LaPorte , £.e· cit. , p . 56. 
Adaptations of Sc ienti t in F ive Organizat ions : a C 

1 
sis, pp. 25-26. C nflict b tw n s taff and line off e n noted al o in the earlier literatur ; s , for xample, M lvill Dal­ton, "Conflicts between Staff and Li n Manag rial Officer ," Ame rican Sociological R vi w, Vol. 15 (1950) , pp . 342-351. 
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Laboratories and other centers of R&D activity in universities ard outside often embody pr i nc i ples both of a technology management organiza­tion and of a bureaucratic adm i n istrative organization, focussing these principles in the technical manage r and the adn1inistrative manager roles, respectively . What is r equ i red , in addition , is a third managerial role to integrate both pr inciple . Thi s leads us to a discussion of the role of technology management generalis t 

The Technolosy Management Ge neral ist Role 

The basic requireme nts for the technology management generalist role are sucgested by the fol l owing comments i n a pape r written by Gen . Ber­nard A. Schriever: 

Moat people think of management in terms of runn i ng a specific proeru . This i s natural . Obviously the purpose of management 
i ■ to deliver usable end products--miss i les , aircraft, elec­tronic ayatema , or consumer goods. 

But mana1ement is more than thia . It is far more than the effort involved in running a single program or even runnin1 a nuaber of programs. For example , if you add together all the many ay1tema that are manqed by AFSC, you get only a partial picture of our manqement reapon■ ibilitiea .... 

In1tead of starting with systems, let us atart with resources and mission . Our management responsib i lity can then be stated in the following terms: (as of 1962) we have an annual budgP- t in the nei1hborhood of $8.5 billion; we have about 64,000 peo­ple--both mil i tary and civilian ; and we possess facilities worth approximately $2 billion. Our mission is to build, on a tiMly baaia, the necessary aerospace strength for the United 
State■. Now, how do we utilize all our resources moat effec­tively to accom~lish th is task? 

The answer to this quest i on i nvolves much more than just man­agina a number of system programs. Actually three ~rea~ of reapona!bility are involved . First of all . we must ensure that all our programs are being run effici•~tly and effec­tively. Thia ia basic . Secondly, because our resources are limited, we must make certain that they are allocated in the beat possible manner . ... The third area of responsibility is in many ways the most cruc ial. Thia is the responsibility for deciding when and how to initiate new pr01rams. In to­day' a environment of rapidly advancing technoloey, it is our moat difficult decis ion area . • 

• See Gen . Bernard A. Schriever , "The Air Force Systems Command Programs," Science, Technolocy , and Management, ed . by F . E. Kast and J.E . Rosen­zwei1 (New York: McGraw- Hi ll , 1963), pp . 182-183. 
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Thus, the role of the t chnology management generalist is primarily an integrating role . The role of technical managers in specific proj v~ts or programs is primarily ori nted towa rd achieving technical quality as well as meeting administrative requirements (with regard to time, cost, etc . ) through the planning and control of research and development proj­ects, and the role of administrativ manager is pr i marily oriented toward providing necessary support rvices . The role of technology man­agement generalists is primar i l oriented toward integrating administra­tive support services with technological project activities , and both with the overall mission or goal of th s pon oring org nization or corporation. This role is shown schematically in Figure 4 . As General Schriever has pointed out, this role involves the making of key management decisions regarding (1) the administra tive effectiveness and efficiency of projects or programs (e .g., in terms of meeting schedule , cot, and performance requirements) ; (2) the allocation of manpower, time, money , and facilities resources to be made to ongoing proJ ect , and (3) the i nitiation of new projects or programs . 

It is evident that th technology management generalist .role is more likely to be performed by individuals who are in at least second level, or higher, management positions i n a technology manqement orsanization; first level supervisors are more likely to be actin& as technical manqera. It is also evident that the technology management 1eneraliet role requires individuals with somewhat di .fferent characteristics and abilities han a.re requirea of technical managers . Whereas echnical managers must be pri­marily outstanding in their own technical abilities with regard to the type of project being managed , technology rnanage~ent generalists at higher levels must combine at last basic fam iliarity with the technical areas under their general management with basic understanding of administrative matters in their employing organizat on . * 

Moreove r, in a technolog management organization, there is no clear career co11tinuity between first level supervisors (mostly technical managers) and higher level supervisor (mostly technology management 

• A conclusion of a content analysis study of 825 Rid> manasement jobs occupied by officers in the Air Poree Systems Command is: "Since R&d) manqement officers are primarily managers and not scientists or ensi­neers, they must have thorough knowledge and understanding o f research and development policies, procedures , and management practices. The specialized tratning in management needed suggests the advisability of graduate work in management or business administration . " J . E . Marsh, M. J . Giorgia, and J.M . Madden, A Job Analysis of a Complex Utiliza­tion Field: The Rid> Manageme nt Officer (Lackland APB , Texas: Person­nel Research Laboratory, 1965) . 
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Figur 4 

nlE ROLE OF IBE TECH OLOGY MA AGEME T GENERALI ST 

T chnolog 
Managem nt 
Gen ral ist 

----------------------. 
Admi nist rative Te hni cal Ope ra tional 

Manager s Managers Managers 

Administrative Technical 
(Scientific & Support 
Engineering) Functions 

Functions 

Operating 
Functions 
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generaliata).• Many technical professionals aspire to a technical man-
ager role where they believe that they can have a maximum amount of tl'ee­
dom in exerciaing their technical abilities and making deciaion• re1ard·ing 
technical mat~era . They are often not interested in advancin& to a hi&her 
level technology management generalist position, where they must, of neces­
sity, become more concerned with general managemen t ... nd leadership reapon­
sibilitiea and le•• involved in purely technical matters . Thus, data from 
a national survey of scientists just completed by the Institute indicate 
that 71 percent of all the scientists surveyed who are now in nonaupervi­
aory poaition• say they desire to remain in nonsupervisory positions for 
at least the next ten years, and only 18 percent desire to move into 
supervisory responaibilities . Furt.hermore, 16 percent of those who are 
currently in research management positions say they desire to move back 
into bench-level positions without supervisory responsibilitiea.t En1i­
neera are more prone than scientists to desire a career in manqement, 
but a national survey conducted by the Professional Engineers Conference 
Board for Industry indicates that only about 50 percent of the eqineera 
are positively oriented toward a career in general management.* 

Therefore, in summary , the roles of the three key types of mana1ement 
positions in a technology mana1ement or1anization are so different in 
their requirements that they lack any clear cut career continuity between 
them . Technology mana1ement generalists, administrative manqers, ana 
technical managers each require their own par icular pattern of career 
development . 

• In fact, the lack of career continuity between lower level and higher 
level managerial responsibilities noted in a technolo1y manqe■ent 
or1anization can also be found in conventional military activities . 
Morris Janowi tz has written: "The or1anizational dilemma• linked to 
car1er development form a baaic theme of military life . The dominant 
role conflict is the conflict between tactical combat skills and the 
requirements of hi&her command. Oiten this is stated as the clash be­
tween staff and command. But a close examination of the military 
establishment seems to indicate that the dilemma is between differin1 
leadership skills. The skill of or,anizin1 and directly controllin& 
small tactical units where the demonstration of technical skill is 
paramount 1ives way to the skill of or1anizing lar1er and more complex 
units where the ele■enta of stress are more indirect and subtle. The 
military 1• no different from other institutions, in that the hi&her 
the position the less i~portant specific technical skills are, and the 
110re important are 1eneral interpersonal skills." M. Janowitz, Sociol­
OJY and the Military iatabliah■ent (New York: Russell Sa1e Foundation, 
1959) , p. 59 . 

t See H. M. Vollmer, Work Activities and Attitudes of Scientist• and Re­
search Manyera: Data fro■ a National Survey (Menlo Park . Calif . : a 
report by Stanford Research Inatitute to the Air Force Office of Scien­
tific Research, 1985), pp . 32-33. 

$ See Professional En1ine~rs Cor.ference Board for Industry, Career Satis­
faction• of Professional Enaineer• in Industry (Washin1ton, D.C.: 
PICBI, 1982), p. 18. 
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A final comment is perhaps in order : What is being described here 
as the "technology management genernlist role" should not be confused with 
what others have descri bed as a "general purpose manager." A gen 3ral pur­
pose manager is one who has been trained only in principles of management 
on the assumption that this qualif i s him to manage anything . In contrast , 
a technology ma1,ageme nt gen ralist is on who has appropriate training and 
experience in (1) a technical field and (2) an operation nl field, along 
with additional training in (3) management principles and methods. It is 
his role to serve as an integrator of technical and operational fields 
within his employing or1anization. To maintain that a general purpose 
manager can manage anything is as false as to claim that one _who has onl y 
had a background of training in the general principles and practices of 
education can teach any subject . 

Career Development in the Three Roles 

As was pointed out in Chapter II, the Air Force now recognizes the 
need for a career d ve lop.me .. t pattern for MD officers in support catego­
ries (or what we ha ve called "administrative managers" in the present 
chapter) that differ from the career development patterns for RIID direc­
tors with direct line responsibility for the management of RliD programs 
(in the AFSC 27XX field). To become administrative managers, RIID officers 
must have at least two years prior experience in MD budgeting, contract­
ing, or some other appropriate support field, in addition to a bachelor's 
degree. In contrast, to become MD directors (line managers), it is pres­
ently required that officers have at least three years in RliD bench ex­
perience as a scientist or engineer and at least one year's experience 
as a project director or manager, in addition to a bachelor's degree. 
Thus the Air Force promotion plan for MD directors assumes that techni­
cal management generalists will mostly come up through the ranks of sci­
entists or engineers and through technical manager roles (e.g., project 
directors) into general MD ~anagement. 

In RliD organizations, higher level technology management generalists 
ordinarily come up through the technical ranks in the organization. It 
is co1111DOnly believed that it is easier to develop administrative skills 
among eiicineers and scientists than it is to develop a very complete 
understanding of science and engineering among professional admini&trators 
who have had no bench-level scientific or engineering experience, but it 
must alao be recognized that the vast majority of scienti ■ts and many 
engineers have no managerial ambitions when they are at the peak years 
of thei .r technical activities, as was pointed out in Chapter 11. This 
is why many technology management organizations attempt to develop ■ome 
form of dual ladder to allow increased responsibility and reward• to 
those who wish to remain in strictly technical positions, in contrast to 
those who wish to take on general administrative responsibilities which 
involve the coordination of technical, support, and other line activities 
within the larger technology management structure. 

38 



• 

The Air Force does not now provide such a dual ladder to any great 
extent. For example, scientists and developme nt engineers who remain n 
purely technical activities in thei r fields can only advance to the lieu­
tenant colonel level at most (in the AFSC 26XX and 28XX fields) . Young 
s•E officers are generally awa e of this and realize that if they are to 
remain as strictly scientists and eng inee rs the v will have mu h better 
opportunities as civilians . Thus , S&E offices who hold doctor's degrees, 
and are therefore most highly trained 1n their techn ical fields and most 
likely to have been h ighly mbue d with the values of remaining in their 
technical fields, have retention rates that are even lower than for s•E 
officers who are not doctors . Neve rtheless , concern is often expressed 
in Air Force circles about the f act that the Air Force is lo!ling the■e 
"most highly qualif ied" SliE officers , without recognizing that these 
officers are indeed highly quali fied in a techn ical sense, but , by the 
same token, might in many cases be less h ighly qual ified for the mixed 
technical-administrative types of technology management generalists that 
the Air Force most needs in its higher officer grades . 

In support of this latter contention , data f rom a nationwide survey 
of scien ti■ ts and research managers have shown that scientists with less 
than a doctor's degree (most of these have master ' s degrees in their sci­
entific fields) are much more likely than the doctors to say that they 
are identified with their employing organization (rather than with their 
scientific profession), that they are l ooking forward to a career in man­
agement, and that they are especially interested in "helping to translate 
research findings into useful applications . "* In contrast , however, it 
should also be noted that this same study showed that those scientists 
who have doctor ' s degrees and are now in research management positions 
are also generally more likely to say that they are identified with their 
employing organizations and that they want a management career than are 
those who have doc t orates but are not in research management positions . t 
In other words, there are~ scientists with doctor's degrees who are 
indeed able to adapt themselves to managerial responsibilities. 

Therefore, these data seem to suggest that it would be desirable for 
an Air Force career development program to attempt to identify early those 
scientists and engineers in its officer categories with a "mixed orienta­
tion" toward their carecrs--those who have a basic technical education 
and competence but are also looking forward to assuming managerial respon­
sibilities. Such individuals are more likely to be found among those who 
have master'• degrees, but a few may also be found among those with their 
doctorates . (There is some suggestion f rom SliE officers interviewed dur­
ing the course of this study that more mature officers who have received 
their doctorates after a considerable tour of duty in Air Force assign­
ments are more likAly to be retainable and to be prepared for general 

• See Work Activities and Attitudes of Scientists and Research Mana1ers : 
Data from a National Survey, pp . 134 , 140 . 

t ~ - , pp . 134, 135, 140 , 141. 
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managemen t responsibil t es than those who ame into the Air Force with 
their doctorat s . ) 

When methods are deve loped to identi f such officers with a mixed 
orientation appropr ale for management generalists it would seem desirabl e 
to sustain and enhanc this orientation by a career promotion plan that 
allows for the fo llo ing types of train i ng and experience : 

1 . A basi education in military science, to be accomplished at the 
Air Force Academ , 1n the ROTC program . or in other officer train­
ing programs . 

2 . A basic education 1n a field of physic al science or engineering 
at the bachelor 's level i nitially , to be supplemented by advanced 
training in a field of physi al sc enc e or engineering at the 
master ' s le el . The advance d t raining could directly fo llow the 
initial education at the Ac ademy or a un versity , or could be 
given later through AFIT 

3 . Assi gnments of at l east three-year durat ion 1n an operating com­
mand of the Air Fore to develop further military skills and a 
sensitivity to military requirements . 

4. Assignments of at least three-year duration to ben~h-level and 
then technical manager level activities in researc h , development, 
test , or engineering activities to develop a basic understanding 
of technical and scientific requirements . 

5. Periodic training and retraining in principle■ of technology 
management by means of special seminars , etc . , throughout the 
course of the above assignments. 

6 . Assignments in technology management generalist positions in 
opera ting , log is tics , and R&D support commands (AFSC and O,\R) in 
which the main function of the officer is to integrate military 
requirements with scientific and technological advances . 

There are Air Force officers who have been able to assume the manage­
ment generali ■ t role and , through plan or coincidence, have passed through 
the career development elements described above . Examples of such cases 
are given in the following chapter . 
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Chapt r IV 

EXAMPLES OF S&E OFFICERS I DIFFERENT MANAGERIAL ROLES 

In thi s s tudy, it wa s decided that it would be useful to s upplement 
data collected f rom prev iou s s tudies with new information on the character­
istics, career experi n ces, and att i tude s of a variety of S&E officers who 
might b o n sidered as typi c al xamples , o r liv i ng model s, of individuals 
who are p r fo rming them n ager ial r ol s de sc ribe d in the prev i ous chapter . 
. For thi s purpose, the comma nders of five •Air Force laboratories or R&D 
installations (two in th OAR a n d thr 1n th Syst m Command) cooperated 
by designat i ng some "outstanding S&E off i ce r s" within t h i r o rgan i zation 
for an interview by o n e o r t he oth r of the author . o f thi . report . A 
total of 22 officer s we r interviewed . From thes e 22 in te rv ews, seven 
c a ses are descri be d in detail i n thi c haple r . 

In a cco rd with t he purpos of th s i n t rviews , i t s hould be recog­
nized that t ho se interviewed c annot b con s idered to constitute any kind 
of representative s ample of Air Force S&E offi cers. Instead those inter­
viewed, and espec ially those cases r ported in this chapter, should be 
considered to be more or less typ ical examples of S&E officers performing 
one or the other of the management roles desc ribed previously. These are 
illustrative cases, showing that the behavior patterns and attitudes that 
make up each role tend to differ markedly f rom one role to the other, 
although some of the individuals desc ribed herein will also be sho~n to 
be in transition from one rol~ to another. Also in line with the previous 
discussion, particular emphasis in these examples will be placed on those 
who are now performing, or who are moving toward the performance of the 
technology management generalist role, in contrast tc the technical man­
ager and the administrative manager roles. 

To provide guidance for the information collected in the interviews 
and to allow some assurance of comparabi lity between them, the Interview 
Schedule shown as the appendix to this report was used for each interview. 
On the average, each interview took about one hour to complete. To pro­
vide a reasonable degree of anonymity to the response of each officer 
interviewed, some of the personal characteristics data have been masked 
or slightly altered in this chapter . In no case, however, do these changes 
make any substantial differences in the background characteristics, role 
attributes, career patterns, or expressed attitudes of any individual 
described here. 

A Technology Management Generalist 

"Colonel A" is an example of a technology management generalist. 
Colonel A is a rated officer, having served early in his career in the 
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A int ion Cnde t Pro~ •·am . Wh n h entered th• mi Ii ta1· sc rvi • at the begin­
ning of Wol'l d W~u· II , he alt· ,dy he ld a ba ·h !or' s clci,tr e in a phy s i <.: al 

ience ' field . During '. h wa r, he se rved a s a <.:omb l p i lot and a s an 
airc raft maintenance offic r . Afte r th war, he attended a leading ·ivil­
ian institut of le hno l ogy unde r AFIT s pan s r s hip and a tta i ned the M. S. 
d g r ee in a phy s i al •c i e n e fi ld . A few years later he also att ended 
a major unive1-- ity and r ceived t he M. B.A. degree, again unde r AFIT spon­
or hip. 

Since then he ha served tour s of duty of at least thre years each 
(1) as a ben h-level scienti st o r engineer, (2) a s an"admini · trative man­
ager"in R8'D program pl anning, and (3) as a technical manager of an R&D 
program. At present , he i a director of large and important R8'D activity 
with technical managers and grou s of techni c al pe r sonnel serving under 
him . In his present activities, Colonel A says that he i s concerned with 
techni ca l programs "that industry would not invest doll ars in by them­
selve s , but are ne ces ary for f uture Air Force Systems. " 

When a ked about the major kinds of decis ion s he ha s to make in his 
job, Colonel A s ay s that "number one is regarding personnel--! have to 
keep the civilian employees happy and s ati fled and I have to help educate 
the young second lieutenants , getting them an exposure to a wide variety 
of things and, if possible, converting them to 'regulars'; and number two 
i s technical--1 have to decide what to do about project overruns and how 
to manage multimillion dollar expenditures . " (Colonel A states that his 
program includes several hundred active projects at any time and can total 
over $50,000,000 in cont;·acts at any one time . ) In his program, he reports 
that a new project can either be initiated by the scientists and engineers 
within the program, or from requests from other parts of the Air Force, 
and th3t he is personally involved in the approval of any major project 
effort, "and most of the minor ones." At the same time, Colonel A also 
reports that in day-to-day technical decisions "I leave as much as possi­
ble to my group chiefs; I st~y out of daily decisions . ... The group 
chiefs reporting to me have R great deal of freedom, but they can come to 
me for advice any time . I'm almost what you might call the 'hands off' 
type supervisor in technical matters." 

When asked about the principal satisfactions he gets from his work, 
Colonel A said: "I like to see the accomplishment of s uccessful new tech­
niques, processes, and hardware; I like applied research. Also I like to 
see the growth of young technical people in spite of the small amount of 
guidance it is possible to give them--they are t hrust into a big responsi­
bilities very rapidly in the Air Force . " 

When asked about the important career decisions that he has made over 
the course of his military career, Colonel A reported that he did not think 
he would be staying in the service as a career at the time he first entered 
the service . "After the war, however, I wanted to continue flying. Also 
I guess I just liked the military. Furthermore, I found I could do both 
engineering and flying in the Air Force . If I had this choice, I woui"d'"" 
do it all over again. In the Air Force, I believe a young man can have 
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sicnificant experiences sooner than he would in industry . I think also 
that the young man should want to go i nto Riill management--that's the 
future in the Air Force ." 

Colonel A's opinions on what could be done to improve the retention 
of SU officers in the Air Force in lude the fol l owing suggestion s: 

"l . SU officers s hould be a s s ur d that they will have! chance -~o 
pursue!!!~ career , even though the al so go into operations 
for a while . 

2 . They should work on the wives ; sometimes the wife' s attitudes 
scuttle the man . 

3 . There should be pay raises . Mo s t of the conflict here is between 
civil servi ce and military pa y scales, not in comparing military 
with industry levels . When I entered the e rvice , it was rare 
to see a lieutenant who wa s marri ed; now it ' s rare to see one who 
is not . I think this makes quite a difference in the need for 
pay . I married at age 35 , and b then my pay was adequate . 
People won't wait today , nor s hould they have to . " 

In summary, Colonel A reports satisfaction with the way his own 
career has worked out in the Air Force and states that he plans to remain 
as a 30-year man . 

Another Technology Management Generali s t 

Not all tec~nology management generalists have master ' s degrees in 
both a scientific and engineering field and in business administration ; 
there ore some wi hall their advanced degrees in science, but also with 
enou1h operational experience and with present job responsibilities to 
justify their being designated as"technology management generalists . " 
Lt. Colonel 8 is an example of this type of technology management gener­
alist. 

Lt. Colonel B, like Colonel A, became a rated officer i nitially 
through his participation in the Aviation Cadet Program in World War II. 
He served as a navigator on combat missions both in World War II and in 
the Korean action . Lt . Colonel B held a B. S . degree at the time of his 
entry into the service at the beginning of World War II . He also received 
a master's degree in a scientific field at a private university under self­
sponsorship at the end of World War II . At the end of the Korean action , 
he took further graduate work at a leading university , and received his 
Ph.D. in a scientific field under AFIT sponsorship . Following this, he 
had technical assignments in radiological defense , 1dministrative assign­
ments in research planning, and is at present the director of an Riill activ­
ity. In relation to his present responsibilities .L,t . Colonel e says, 
"lly job is to generally administer science. I have grown away from the 
bench, on one hand, and from the operating part of the service, on the 
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othe r . I r e ognize d that I couldn't eve r go into the higher ranks, such 
a s f ull colonel, by s t aying at the IJench." 

In th i nking about hi s caree r, Lt . Colonel B says, "How did I get 
through the ys tem? In the f ir s t pl a , I r ecall that a f ter I got the 
M. S . degree , the Ai r Force offe red me $5 ,100 (with f l i ght pay) . At that 
time, I thought I wanted to go in to public school teaching, but the pub­
li c school s only of fered $2 , 100 . lndu t ry offe r ed me $3,600 . So the 
money wa s bette r for me i n s ide." 

"Then, I've had several con se cut i ve ' be low-zone ' promotions . Thi s 
was unu ual recogni t ion for e . I know I've been helped in this by the 
recogn i tion of my work by peopl e S-='nior to me, like General s W and X and 
Colone l s Y and Z. I s uppose the fa c t that I have a Ph . D. , along with 
operating experience, has helped on t hese promo tions. " 

In view of the se cons iderations, Lt . Col onel B also expects to remain 
in the Air Force f o r a f urthe r career i n t he f uture . In fact, he has 
already been informed that he wi ll be moving to a position of increased 
management responsibility in the near future . He expressed his opinions 
on what could be done to improve the retention of young SW: officers as 
follows : 

"l. There should be supplementar y pay for those with advanced 
degrees after individuals have had time to use them in Air Force 
ass i gnments, similar in principle to the supplementary pay given 
medical officers . For example, a Ph.D. might receive a $100 
increment after one year, $200 after three years, and $250 after 
five years. Similar increments for those with master's degrees 
might vary from $50 to $150 . 

2. Those with advanced degrees ought to be brought in at a higher 
grade. To some extent they do thi s now, but it is not enough . 

3. There should be 'promotion list' service credit for officers 
working on advanced degrees--for example, two years for the M.S. 
and four years for the Ph.D. 

4 . Also there should be more flexibility in assignments in terms 
of the officer's abilities and interests." 

From Technical Manager to Technology Management Generalist 

Some SW: officers are not now performing a technology manacement cen­
eralist role, but are definitely oriented toward moving into such a role 
as they advance in their Air Fore~ careers. They may see themselves mov­
inc into a technology management generalist role from any one of three 
principal direc t ions: (1) from a technical manager position, (2) from an 
administrative manacer position , or (3) from a military operations posi­
tion. Major C is an example of an SW: officer who is now performinc 
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essentially a 
a broader Air 
generalist . 

technical manager rol e but who a l so is looking forward to Force ca r ee r , eventunJl y t o l> <.:ome a tec hno logy manage me1,L 

Major C receive d a bac he l o r ' d g r •• 1n n~i n eri ng f r om a civi lian technical institution and enk l'ed t li Air For · through the ROTC at the time of the Korean action . He lat r eceived a master · degr ee in engi­neering from AFIT and a doctor's degr e in eng i neering f rom a l e ading civilian institution under Air Force spon or hip . During hi s A1r Force career, he has served in both bench-l eve l sc i n tific or engi nee r i n~ a -signments and in technical management a 1gnment . At present , he 1s the technical director of an R&D l aboratory program . In de sc ribing the mos t impnrtant deci s ion s he makes in h is present ase1gnment, Ma jo r C s ays , "Fi rs t is technical direction and progr am plann i ng ; econd is personnel." Major C also reports that he actually pa rti c ipa tes in some of the techni­cal work under hi s direction , acting a s a coworke r on some projects. 

The principal sa ti sf action that Major C gets o u t of his work is "A chance to pursue a science management ca rer . " He s a ys , "I'm not wedded to the bench. I think I have a c hance to become a gene ral officer some day . I don't love science enough to pa ss t hat up " At the beginning of his Air Force career, Major C served fo r seve ral years in a technical assignment overseas. Then he reports that "After five years I was offered a master's degree and after seven years a doctor's deg ree--1 finally suc­cumbed to 'educ.,tional blackmail . ' Now I see mysel f in an Air Jo'orce career from which I can eventually retire and enter industry at the vice president level." 

Along with a colleague, Major Chas written down some of his views about the role and career development of S&E offi cers in the Air Force. Following are some extracts indicating how he s ees this subject : 

"The need for SU officers rests strongly on our management phi­losophy, since the typical Air Force officer career is expected to progress toward management. . . We assert that the ideal commander uses the tools of management to bring greater effort to bear on problems which in principle he himself knows how to solve. By this we mean that a commander should have had actual experience at various levels in organizations similar to the one he is managing . . . . This view of a commander is consis­tent with the traditional concept of a military officer. 

We view an Air Force officer career as starting with some pro­fessional specialization and developing as experience and tal­ent dictate into broad executive responsibility . Early spe­cialization immediately benefits the Air Force by providing a~ in-house capacity for accomplishing specialized jobs . It also contributes to mental growth by demanding detailed thought directed to the solution of specific problems , and it lays the foundation for sympathetic understanding of other special­ties by developing an appreciation for the effect of little details on the big picture . " 
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In Major C s recomn1en da ion . h e take ~ account of the distinction between what ha been de c ribed here i n a the "techn1 ca l mklnager" role and the "techno log mana gem nt gen ral1st" r o l e , and pr po e that the former could b ma1nl a ivilian l . h 1 the la ter 1 s more appro­priately the role f the mor s n1or S&E ffi e r 

''while the group of qual ifled S&E offtcer s i being built up , a corollary acti o n must b taken Ihat is to establish dual 
civilian-mil i tary ta ff ng for many ke executive po itions 
One hopes that in thi s an of 1ce r- commander would provide 
overall program balance his o n techni c al s pe ialty , admin­
istrative management and a r ' pnnsivenes to change as needed 
by the Air Fore , t h e c 1v1l i an ccunt rpart wo uld provide con­
tinuity 1n detail d progra m and pr onnel knowledge , be respon-
sible f or ti overall t hni c al q al 1 ty of the ~ork . and be 
the prime contact with th cien~if c communi ty 

The crux of the SE problem lies in the an wer to one ques­
tion. Does the Air Forcer ally belie ve t hat officers must 
control the Air 1-·orce R&.D effo rt? We emphasize the dis­
tinction betwee n ·con t ~o l ' and watch . · An affirmative 
answer requires that o ff icer be developed who can match 
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credentials with industr representativ s al all levels . To this end the Air For must determine valid star.dard s of com­petence for Sil offi ce rs at all l vel , must designate suit­able jobs in whi ch St:r.E officer can grow in the desi red direc­tion s, mu t insti tut -= an ad qua te r co rd s system for assignment and career monitorin g , and mu s t provide an environment which will attract qualifi cl young officer to the Sil ca reer area . " 

From Administrative Manager to Technology Management Gentlrali st 

Although, as Major C pointed out, it is important for technology man­agement generalists to have had at least some techni cal experience them­selves, the career development pattern for some officers can include, in addition, sizable amount s of experience and education i n administrative management . In this r egard, Major Di s an example of an Sil officer of this type . Although he ha s had technical training and experience, his last degree and his most recent assignment have been in the more adminis­trative aspects of R&D management . He is , howeve r, now becomi ng a tech­nology management generalist. 

Major D en~ered the Air Force through the Aviation Cade t Program after a tour of duty as an enlisted man . He served as a pilot during World War II. After being discharged at the end of World War II, he received a bachelor 's degree in a physical science field and served for several years in technical sales work for a civilian company . At the time of the Korean action, he was recalled by the Air Force and served again as a pilot and then as a personnel officer . Under AFIT sponsorship, he was then sent to a ci "v'ilian unive r s ity where he received the M . S. degree in a physical scien~e field, following which he sei·ved as a project scien­tist in an Air Force laboratory. Under AFIT sponsorship again, he was sent to a civilian univers i ty and obtained an M.B.A . degree . Since then he has served in te,!hnical planning functions in an R&D activity and is now the director of an R8'D program . He has kept up his flying status, even when attending the university as a civilian . 

In looking back on his own carePr experiences, Major D days, "Any­thing that you work at is valuable experience, but some of the best I've had was my years in personnel work . I hated the assignment when they gave it to me . ·dt today 1 loo " back and see that no other thing helps me so much in my present job and what I think I will be doing in the future. My decisions are now largely 'people decisions' and decisions regarding the allocation of resources . " 

Major Dis also of the opinion that "A man in my job should be rated. It helps him understand the Air Force and how to handle people." On fur­ther questioning, however, he also said that he felt that time in a mis­sile silo would be just as helpful as time in the cockpit. 

In his present assignment as manager of an RkD program, Major D states, "I don't pretend to be the technical superior of my R&D groups . 
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The group chiefs give me progres s reports, but I iive them technical free­
dom. I devote my energy to handling the admi nistrative side of life. ' 
Major D says that hi s main satis f actions i n hi s assignment derive from 
"handling personnel and admini s trative m ~ters in such a way that the 
scientists and 9ngine~rs achieve the ir goal s and that import~,1t work for 
my country gets done ." 

When thinking about whethe r to cont i nue i n the Air Force as a career, 
Major D sees both "pros" and "cons ." The "pros" are "I like serving in 
uniform and I feel I am doing importan ·. work." The " cons" are "low pay--
I am paid much less than civilians doing the same kind of work" and the 
fact that "time in commi ssioned service i s the only thi ng that counts 
toward my next promotic,n--they gi ve no c redit for enli s ted s tatus. " 
Maj or D believes that the career development of S&E officers would be 
improved if the Air Force would: 

"l . Free up promotion opportunitie~ and expand the number of S&E 
assignments Air Force-wide-·- 1.: hey should not create a separate 
SU corps. The Officer 1rade Limitation 4ct needs revision. 

a. Improve pay--giving pay supplements for advanced degrees when 
officers enter active duty. Also they should give eitherJ>aY 
supplement"s"'or promotioncredi ts for AFIT degrees ." 

From Military Generalist to Technology Management Generalist 

A t hird route into a technology management generalist role is from 
the rol~ of a professional"military generali ~t." The careers of several 
officers di scuss•.!d previous) y follow this pat tern somewhat, but Major E's 
experiences appear to exemplify this career pattern most clearly. 

Major Eis a 1raduate of the United States Military Academy, and trans­
ferred to the Air Force. He attended pilot training school and served as 
a combat pilot for four years during the Korean action . He then attende . a 
civilian university under AFIT sponsorship, obtained an M.S. de1ree in a 
scientifi c field, and subsequently served as an instructor in an Air Force 
technical school. He then attended another civilian university, a1ain 
under AFIT sponsorship, and obtained the Ph . D. deKree in a field of physi­
cal science. At present, be is the director of an Rid> prosram. 

From the time he was a small boy, Major E reported that be bad aspired 
to a professional military career. He now sees himself stayin1 in the ser­
vice for more than twenty years, sayin1 that bis primary motivation is "to 
serve my country." The principal satisfactions that Major E says he 1ets 
from bis present assi1nment as a d i rector of an Rid> pro1ram are: ''(l) Op­
portunity to help steer the course that Air Force Rid> will take. I be­
lieve I will shape this course even more in the fu t ure. (2) Opportunity 
to meet scientific and industrial leaders and to try to fi1ure out how to 
use them to the advantaso of my mission . Also, of course, I enjoy meetin1 



-----------~----.......... -------------

them a s persons and profes sional s . (3) I enjoy helping younger men de­
velop, and the future holds thi s for me. " 

In describing his present job du ties , Major E sounds like a technology 
management generali s t, 1n t hat he r eport s t ha ~ the profess ional s under him 
usually make decisions on the day-to-day t ecl.n ical conduc t o f the work , but 
Major E takes r e spon s ibi l i ty for " consol i da ti ng the mi s sion of the program 
and r eorienting the e xte rnal contra · t work accordingly, and channel i ng t he 
talents of the profess i c,nal staf f into t he mo s t effective use . " 

When asked about hi s views on way s to i mprove the lot o f the S&E 
officer, Major E ment i oned : 

"l . ~sing . Thi s i s tough to fi.nd around some bases, and i t ' s 
likely to be expensive . It i s discouraging to me to see the 
hous i ng condi t i ons in which some o f our CDmmand i ng officers ~~ve 
to live and entertain . 

2. Pay. We should have the same supplement s as medics. 

3. Disintegration of fringe benefits. As in the case of the base 
exchanges, for example, discount stores can now beat the base 
exchange prices. Also there i s often poor medical care for 
dependents and no dental care i s provided for dependents . 

4. Image of a second class cit i zen . When they say the re are gold 
flow problems, they send back military dependents overseas--but 
not the civilians . If they close a base , the FHA offers civil­
ian homeowners relief on their house payments--but not to the 
military. In some cases they have raised civil service pay 
100%, but military pay only 10%." 

A Technical Manager 

There are other Sli.E officers who , because of tha l r basic a~titudes 
and orientations toward their careers, have not becoruo technology manage­
ment generalists in the sense of the preceding e:.e.mples. Regardless of 
their present assigr.men ts, they think and act more like technical managers . 
These officers are more likely to feel that their future career advance­
ment opportunities in the military service are dist i nctly limited , and 
are therefore more likely to be thinking seriously about returning to 
civili£n life at their next opportunity . Lt . Colonel Fis perhaps a typi­
cal example . 

Lt. Colonel F has a master ' s degree and a doc tor's degree in a physi­
cal science field. His work on the master's degree was Air Force spon­
sored; the doctor's degree w~s achieved on his own sponsorship, beca~se of 
,is strong Rcientific interests. In looking back over hi s career, Lt . 
Colonel F reported that he did "some basic soldiering" for the first f ew 
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years, but that even then, about SO percent of his work was in his tech­
nical field of interest. Since then he has boen assi111ed to a series of 
technical positions when not attending university courses. He has volun­
teered for technical asai111ments throughout his military career and frankly 
reports that "I feel a primary loyalty to my science, not to the Air Force. 
I' 11 t ··~nsfer to wherever I can work in my technical field. I' 11 soon have 
twent) years of service, and I'm tired of fightin1 the system. I thin~ 
I'll 1, ;et out." 

Lt. Colonel F ha1 a ht1h re~utation in his technical field, achieved 
throuch his own publication■. He is currently director of an RIJ> pro1ram, 
in which he says that he makes "both technical and personnel" decisions. 
When asked what he thoucht could be done to increase the retention rate 
of SU officers, Lt. Col. F replied "(l) pay them decently and (2) 1ive 
them some choice in their scientific pursuits." 

Another Technical Manacer 

Major G ia also more of a"t ':chnical manager, "rather than a"technolocy 
mana1e■ent ceneraliat,"in bis orientation. Major G entered the Air Force 
throuch Officer■ Traininc School durinc the Korean action. Previously, 
he had served as an enliated electronics technician in another branch of 
the service. In the Air Force, he haa had a series of assilDJlents in oper­
ation■, t.raininc, and MD activities, but all have been technical assicn­
■ents. Also, durin1 his Air Force career, he was able to attend two 
civilian universities under Air Force sponsor•hip and to receive bachelor's 
and ■aster's dei'rees, both in an encineedn1 Held . 

In recard to his present assipment--a• the director of an MD pro-
1nm--Major G says, "Thia was a bac of wor■s that was not beinc aan111ed . 
They needed a slave driver and so they chose ■e. But I a■ not suited to 
this work." In re1ard to the work for whi• 1 be feels he is not suited, 
Major G says that bis aain responsibilitie~ involve "(l) locistics and 
procur-•nt decisions in order to provide technical equip■ent when needed 
and (2) the coordination of efforts of various or1anizations in order to 
obtain the cooperation needed on a project." He reports that "about 80 per­
cent" of his present work requires day-to-day technical decisions by him . 
He recreta, howev~r, that most of the technical work in bis pro1ra■ is 
done by outside contractors not directly under his control. 

In su■, Major G says that "there is no satisfaction for ■e in this 
kind of work. I want a Job with (1) a clear coal, (2) direct control over 
technical people, but (3) where I a■ not told how to ■eet the coal . I 
recopiae that the Air Force system for doinc this kind of work ia richt, 
but I Just don't fit this system. I would rather be an electronics co■-
■unications officer, a teacher at the Acade■y or in AJ'IIOTC, or in so■e 
other technical assiciment. I used to think of ■yself as a 30-year man, 
but I now think I will be 1ett1nc out soon." 



Conclusions 

At this point, some tentative conclusions suggested by these examples 
may be stated as follows. 

1 . SU officers whose Air Force career experiences 01· education com­
bines significant tours of duty in operations assignments with 
tou~s of du~y in IUiD assignments are more l i kely to be hetter 
adapted to pe1forming the technology management generalist role. 

2 . SU officers who are now performing a technology management gen­
eralist role, or who are oriented toward performing this role in 
the future, are more likely to desire to remain in an Air Force 
military career than are those S&E officers who are now perform­
ing, or ori ented toward performing, a technical mana1er role. 

3 . There are three main career routes into a technology management 
generalist role: (l) from a technical manager role, (2) from 
an administrative manager role , or (3) from a military ge~eralist 
role; however, each of these three routes should involve at least 
basic familiarization experiences in all three roles--technical 
manager (following bench-level experience), administrative man­
ager, and military manager--before assuming technology manage­
ment generalist respon si bilities . 

4 . Sin e S&E officers are not 1 ikel y to be able to remain in tech­
nical manager roles t hroughout o military ca~eer, and since there 
i no apparent advantage to the Air Force in having them so 
remain. tay1ng i n the technical manager role co1ld be viewed 
primari l y as an occupation for civilian scientists or engineers. 
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Ch pter V 

REVIEW OF f OLICY RECOMMENDATIONS 

This chapter reviews the recommendations of several recent studies of the motivation and retention of S&E officers in the Air Force, thus providing a basis for the overall conclusions of this report, as stated in Chapter I. This review concludes with a summarizing discussion of the professionalization of the technology management generalist role--the particJlar managerial role that has been identified as be ing most crucial to integrating Air Force military capabilities with its scientific and technical capabilities. First, however, we shall turn to a brief descrip­tio of the background and content of the recent studies to be reviewed. 

Description of Recent Studies 

In recent years, studies by Air Force officers and by civilian con­sultants have resulted either in direct recommendations or indirect sug­gestions relating to ways to improve the motivation and retention of SU officers. In reviewing these t udies, one is struck by the large areas of common agreement between them; almost never do they dis .agree on any specific reco11U11endations. In many cases, howeve1, these recommendations have not been implemented bP-cause they require fundamental pvlicy changes or modifications a t the highest levels in the federal government, although steps are now beginning to be taken in the direction of implementing some of these recommendations, such as the 1965 Military Pay Act. 

In this chapt9r, we shall review the major recommendations that have been made in recent studies. For the sake of conciseness, this review will focus attention on the most recent studies that have made a system­atic analysis of this problem area and have provided a broau range of policy recommendations. 

The first study reviewed here was completed in October of 1960 by a committee of 22 lieutenants who had been commissioned through the ROTC progr am anrt who wel'e working in scientific and development engineering activiti ~s. Gen. Bernard A. Schriever , then Commander of the Air Research and Development Command (ARDC, thA predecessor of AFSC and OAR) requested these lieutenants to recommend "reasonable and feasible proposals which, when implemented, would induce a large number of qualified c ientific and engineering officers to choose the Air Force as a career." The lieutenants' com1,11ttee met continuously for ten days and, drawing on their own experi­ences and all other information available at that time, and then making 
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revisions after r~ceiving comments on a draft rep0rt, publish rt what has 
ome t o be known as the "Li eut nants' Ad Hoc Committee Re port."* 

1 11 r"•• ruary 1963, a study was initiated by the Ohio State University 
Research Foundation, under contract to the Air Force. The primary objec­
tive of the study was to "devise a comprehensive program of laboratory/ 
experimental work spanning a 20-30 yea r career in the Air Force of such a 
character as will invite and attract ci~nrists and engineers to seek out 
such a career and remain in the same . " The study reviewed existing caree r 
patterns, pay scales, etc., and included original questionnaires filled 
out by a sample of AI-'ROTC students and interviews with a sample o f lieu­
tenants in S&E categories at seven Air· Force bases. This s t udy j s referred 
to herein as the "Ohio State Study . " t 

On February 15 , 1964, a committee consisting of Co l . Richard C. Gib­
son, Chairman; Dr. William J. Price; Col . Andrew Boreske, Jr . ; Col. Leo A. 
Kiley; Maj. Jack E. Montgomery, and Lt. William R. Alford completed a study 
of the role of military scient ists and engineers in the Air Force, as re­
quested by Maj. Gen. Don R. Ostrander, Commander of the Office of Aerospace 
Research. This study particularly considered the contributions of OAR to 
the career development of S&r.E officers, and also included a comprehensive 
list of recommendations on ways to improve S&r.E career development. The 
report giving the conclusions of this study has come to be kno~n as the 
"Gibson Report."* 

The fourth comprehensive study to be considered resulted in a thesis 
completed this year by George M. Williams in connection with obtaining 
the degree of Master of Engineering Administration at George Washington 
University. This study reviewed all prior studies and data on career 
patterns, turnover, salaries, etc., obtained from Air Force personnel 
sources in order to derive its recommendations. It also drew on the 
author's own experiences as a chemist and a nuclear research officer in 
the Alr Force over a 15-year period as well as four years in an opera­
tional unit. This study is referred to herein as the "Williams Thesis . '' 

• 
t 

* 

Lieutenants' Ad Hoc Committee Report on the Retention of Junior Of f i­£!!! (Washin1ton, D.C.; Headquart~rs, ARDC, 5 November 1960). 
W. A. Beckdahl, B . . May, W. M. Morgenroth, and H. M. Pryor, Utili~a­
tion and Progression Patterns for Air Force Scientists and Engineers 
(Columbus, Ohio: Ohio State University Research Foundation, 1 No ember 
1963). 
Richard C. Gibson,!!,!!.·, Report to the Conanander, OAR, on the Role 
of the Military Scientist and Engineer (Washington, D.C.: Headquarters, 
OAR, 15 February 1964). 
Geor1e M. Williams, An Analysis of the Problems Encountered by the 
United States Air For e in the Motivation and Retention of Military 
Scientists and Engineers (Washington, D.C.: a thesis for the degree of 
Master of Engineering Administration in the library of the George Wash­
ington University, February 1965). 
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2. Motivate outstanding Sli.E officers~ individual career planning. 
All four studies emphasize this recommendation. Several of the studies 
also indicate the importance of giving an Sli.E officer more opportunity to 
express his own desires and opinions with regard to his assignments within 
the limits of Air Force personnel requirements. Other studies indicate 
the importance of laboratory directors having the opportunity to make 
requests by name for SU officers after interviewing them and others who 
know them personally regarding their individual qualifications and inter­
ests. This recommendation is in accord with one of the principal char­
acteristics of the technology management form of organization in contrast 
to the conventional bureaucratic form of organization, as was pointed out 
in Chapter Ill. In the technology management form of orgnnization, job 
content is determined by , or at least markedly affected by, the character­
istics, abilities, and interests of the in i idual job occupant. 

In effect, all of the following are recommendations that are intended 
to implement this f undamental recommendation to motivate outstanding Sli.E 
officers by individual career planning. 

3. Establish career counseling boards to match outstanding Sli.E offi­
cers with vacancies. The Ohio State Study and the Gibson Report both 
emphasized particularly the importance of career counselling of~ offi­
cers, rather than allowing them to fend for themselves in a vast, imper­
sonal, and seemingly mechanical placement system . The Ohio State Study 
particularly stressed the importance of career counselling f or Rorc stu­
dents ~•i ring college, and then continuing into tneir military careers.• 
The Gibson Report recommended more specifically : 

OAR and AFSC should es tablish a career counselling board for 
senior SU officers who annually match outstanding individuals 
to progrananed vacancies and advise on educational opportunities 
according to individual desires, AF needs, and good career plan­
ning. These boards should act in an advisory capacity to estab­
lished personnel organizations and augment their efforts. A far 
less desirable alternative would be to assign senior SU offi­
cers to personnel staffs . t 

4 . Accel~ "below ~" promotions .!£! ou ·.'itandin1 SU officex:,~.· 
All four studies have emphasized this recommendation to provide for moJ·1~ 
flexibility in promoting technically qualified officers. An overemphas i. · 
upon seniority or time-in-grade as a prerequisite for promotions is not 
appropriate for more technically oriented organizations or occupations, 
and is very strongly resented by technically trained people who are 

• Ohio State Study, p . 187 . 
t Gibson Report, pp . 9-10. 
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subjected to such an overemphasis . • The Bolte legislation propose• more flexibility for promotions based on technical qualification• and accon pliahments. 

5. ~ promo ion list !ervice credit for time spent in obt9ining advanced degrees in fields relevant to Slr.E assignments . This could be applied to "Category c" reserve officers under the provisions of U.S. Code 10, Section 8287, paragraph a(4). This rticommendation would seem especially appropriate in view of the fact that reserve offi cers taking adv•nced degrees in civilian institutions before entry into active duty are preparing themoelves for their later duty assig~ments, and t herefore should not be penalized for the loss of promotion list credit during that time. In regard to this recommendation, the Gibson Report states : 

This is considered by the committee to be a most urgent and long overdue action. Added promotion list service should be commen­surate with time necessary to obtain the academic degree. A re­serve officer should not be credited with longer se~vice than he would have ~ccrued had he been on active duty since co,nmis­sioning. t 

6, Award incentive .P!l to of ficers with relevant advanced degrees. All studies point out gross inequities in the salaries of SU officers compared to civilian salaries for comparable ~a~~gement responsibilities. However, several studies point out, and many officers also agree when queried, that a strict parity between military and civilian salaries is not necessary;* professional military personnel often express the viow that "they did not decide on the service as a career for the money, but rather for the opportunity to serve their country and to do this in challenging work situations."§ This is similar to the attitude of other highly professionalized personnel who take lower paying joos in univer­sities for reasons of public service and intrinsic job satisfaction, rather than to take higher paying jobs in industry.•• 

• 

t 
* § 

•• 

0 For a report of a study of the declining emphasis on seniority and the .increasing emphasis on technical qualifications as a basis for promotion among technically trained personnel in industry, see Philip Selznick and Howard II. Vollmer, "Rule of Law in Industry : Seniority Rights," Industrial Relations , Vol. I (May 1962), pp . 97-116. Gibson Report, p. 8. See a so the Williama Thesis, p. 102. See, for example, the Lieutenants' Ad Hoc ColMlittee Report, p. 13. This attitude regarding the perceived appeals of a military career is generally onfirmed by the findings of Charles H. Coates in "The Influence of Sociological Factor• on the Acceptance or Rejection of .. l C II .1 itary areera, a paper presented before the annual meeting of the American Sociological Association, 1965. 
See William Kornhauser, Scientists in Industry: Conflict and Accom­odation (Berkeley and Los Angeles: Universi y of California Presa, 196. , pp. 131-134. 
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On one hand, incentive pay fo r S&E of ficer s beyond the normal grade 
salary structure is oft en justif ied by reference to the precedent of 
ing medi ca l officers on incr ment over t heir normal grade salaries. On 
the o t h r hand, obj ctions are som times raised a~ to th& way an incentive 
pay system fo r S&E offi cers with advanced degrees would be administered . 
In this r egard , the Gibson Report stat ed : 

Many questi ons may be rai sed about the admi nistration of this 
controversial proposal, bu t none seems overwhelm! ng. (a) It 
should be restricted to those holding degrees from institutions 
accredited by recognized and specifi ed professional accrediting 
agencies. (b) The officer should meet acceptable effectiveness 
standards. (c) The degree should be in a field related to his 
prima r·y duty AFSC and should be continued during "broadening" 
assignments outside princ J.pal career area. (d) "Pay for degree" 
should probably not exceed f li~nt pay for same rank if 8"E 
officers are to retain line status, and no officer should draw 
both simultaneously.• 

7. Provide appropriate medals, awards, cotnmendations, ~tc., for 
technical and managerial accomplishments. Tt1ese would further implement 
recommendation 1 above, that the Air Force should appropriately recocnize 
managerial and technical competence. This symbolic aspect ~f recocnition 
could include the use of Joint mi litary and technical professional titles in formal address and introductions, such as "Colonel Doctor Jones" or 
"Lieutenant Doctor Smith." In addition, the Williams Thesis stated: 

The prestice of scientific and engineering officers in the Air 
Force is an important factor in their career motivat i on. There 
is a stronc need for professional recognition among this group. 
The Air Force is aware of this fact and has taken some steps to 
recocnize this group. Some additional recommendations which 
would improve the prestige of this group include the use of a 
special badce to identify the scientific and engineering ofiicer 
and encouragement to join professional societies related to 
their career f.elds .... t 

The Gibson report suggested also that the Commendation Ribbon should be 
awarded more frequently for such actions as the rreparation and publica­tion of a high quality technical paper.• 

8 . Provide! .!!!2!:! effective relationship between advanced degree 
pro1rams ~ AFIT sponsorship and 8"E career development needa:·-Three of the four studies commented on the need to examine the relationship 
between the AFIT procram and career develcpment requirements. For ex­
ample, the Gibson Report pointed out that "time restrictions should be 

• Gibson Report, p. 9. 
t Williams Thesis, pp . 103-104. 
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=emoved for highly qualified candidates."* The Williams Thesis also 
recommends "more judicious selection" of those taking pi,.rt in AFIT advanced 
degree programs, t and the Ohio State Study proposes a phased education 
program for selected S&E officers as follows: 

(a) 

(b) 

(c) 

(d) 

One year of graduate study in a technical field leading to a 
master's degree during the fifth year of commissioned service . 

Ninety-four percent of all career officers pursue one year of 
graduate study leading to a master's degree in Rid> Management 
during their tenth year of service. 

Six percent of all career officers pursue a Ph.D. in a technical 
field during their ninth and tenth year of service. 

All colonels, except those with Ph.D. 's, attend the Air War 
College during their first year in rank.* 

9. Maintain~ rotation plan for tours of duty in Rid> aud operations 
assignments. This recommendation again relates to the prirr,ary character­
istic of the technology management generalist role in the Air Force--the 
integration of technical capabilities with military requirements. In 
this regr.rd, the Gibson Report states: 

... included in the S&E officer career should be operational 
experience. "Blue-suit" test and evaluation of new weapons is 
one method. If rated, he may occupy a key position in the test 
and evaluation of new aircraft weapon systems. If non-rated, 
he may do the same for missile systems. Operations analysis 
with a combat unit is another duty which would provide opera­
tional experience. 

The effective (Air Force) leader must speak several "languages"-­
the language of the operations people as well as the language of 
the scientific, ~ 1gineering, and development people. It makes 
no difference which language is learned first--the scientific or 
the operational; however, in the final analysis, the officer 
must become and remain profici~nt in both .... 

OAR and AFSC should insist that outstanding S&E officers serve 
a tour or more in an operatior.al command. Present restrictive 
assignment policies for S&E officers, while well meaning, are 
not completely consistent with long-term Air Force requirements. 
Rotation must be made to wo~k even though past experience has 
been less than enc '.'uraging. § 

• Ibid. 
t Williams Thesis, p. 102. 
* Ohio State Study, p. 186. 
§ Gibson Report, pp. 5, 6, and 9. 
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10. Provide continuous career opportunities~ SU officers, espe­
cially in mid~l P management positions. At present, there are only li~1ted 
opportunities !'or S&£ officers in middle management positions (e.g., at 
about the major and lieutenant colonel levels) in AFSC and OAR because 
many o f these positions are held by civilians. In 1960, the Lieutenants' 
Ad Hoc Committee noted: 

Civilian-military relationship--this is a critical problem area 
in ARDC primarily because of inequities which exist between 
military and civilian scientists. Advancement of civilians into 
the lower supervisory positions has blocked the advancement of 
competent officers. Recommendation: Positive steps must be 
taken to create an equitable civilian-military relationship. 
Provision must be made for equal advancement opportunities for 
both civilian and military scientists, with the selection cri­
teria based upon capability and performance.• 

In 1964, the Gibson Report still recognized difficulties in this regard 
within OAR (OAR being the organization on which the Gibson Committee was 
focusing its attention): 

Branch and division level management positions within OAR 
laboratories should be placed on a rotating basis, with the 
most qualified scientist, o.fficer or civilian, being appointed 
periodically. The board i convinced that sufficient middle 
level management opportunities for outstanding officers are not 
being provided by OAR at this time. The situation will become 
worse if we succeed in motivating more good people toward an 
Air Force career. t 

This "middle management squeeze," or the problem of "getting up 
through the hour glass," as it has been described by some SU officers, 
might be somewhat alleviated if a clearer distinction were made between 
technical management roles and technology management generalist roles. 
Chapter III pointed out that technical managers are most often first level 
supervisors who are primarily concerned with the technical qualify of 
activities under their direction, while technology management generalists 
are most often at second level or higher supervisory positions where they 
perform the function of integrating technical capabilities with military 
1·equirements. It was also pointed out that military SU officers, althou1h 
they should first be qualified by bench-level technical experience and then 
by experience as a technical manager, administrative manager, or both, are 
mostly destined to become technology management generalists, rather than 
to remain as technical specialists. Most civilian scientists or engineers, 
on the other hand, because of their lack of a continuing military expe­
rience and cormnitment, and because of the longer periods they are able to 

• Lieutenants' .~d Hoc CollllJlittee Report, p. 15. 
t Gibson Report, p. 10. 
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remain in their technical or administrative specialties, can more appro­priately remain in technical management, administrative management, or nonmanagerial scientific and engineering specialty careers, and csn make extremely vital contri utions to the Air Force in these careers. 

As indicated i n Chapter III , these role distinctions can then form the basis for effective dual career ladders for both civilians and for military officers; ordinarily , civilians can have opportunity to advance to more tmportant responsibilities (with appropr i ate advances in salariea) within technical management or dministrative management field■, while military o f ficers can start their careers alongside civilian scientists or engineers in bench-level technical assignments, advance to technical or administrative management positions (perhaps serving as "dual deputiea" to civilian technica l or administrative managers) , and then finally advance to technology management generalist positions where the officers may be expected tom ke their most significant contributions to the modern Air Force. * 

11 . Improve recruitment of Category C ROTC officers. SU officers from Category C ROTC sources currently have the lowest retention rates in comparison to those from Academy and Officer Training School programs. The present modified two-year ROTC program is open to students majoring in any field; there is no systematic attempt to attract those in major fields of study that are most appropriate to SU requirements. More espe­cially , there is no assessment and selection program for those who have technology management generalist abilities and interests in contrast to thoae who have a narrower technical specialist interest, which, in turn, generally ~redisposes these individuals aiain '! a military career. Three of the four studies rev~ewed here ~ive some at~ention to the recruitment problem, but there is some confusion as to the type of individual (in terms of his attitudes and interests) who should be recruited for the military technology management generalist role , As indicated at several points previously in the present report, th1..s would have to be an indi­vidual with what has been described as a "mixed " or dual orientation, with interests b·Jth in military affairs and in technical matters. 

• A corollary of this "dual career" approach to military and civilian career development would be to deemphasize attempts to retnin SU offi­cers in the military service who wish to remain in strictly technical assignments , like "Lt . Colonel F" and "Major G" in Chapter IV. As was indicated in that chapt e r , these individuals might well be happi, -~ and better able to continue to make significant technical contributions to the Air Force if they did transfer to civil service status or to a civilian contractor organization . Generally, it has been recognized by AFSC and OAR management that these individual s are therefore not necessarily " lost " to the Air Force when they t ransfer to civilian status . 
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12. 1· llow academic S8'E training with bench-level assignments .!_!! 

in-house aboratory programs. All four studies have indicated that a 

technical t raining is not enough for a well-qualified S8'E officer; it is 

also important for him to have had bench-level experience in a technical 

field, especially before he is placed in charge of an in-house project or 

assumes the responsibility for managing or moni toring an extramural tech­

nical contract. Thus, the Lieutenants' Ad Hoc Committee stated in 1960: 

ARDC is misusing its junior scientif ic and engineering talent. 

It has not provided the foundation of appropriate, first - hand, 

technical jobs at entry necessary for sound technical and pro­

fessional development. The junior scientific or engineering 

officer entering ARDC often finds himself thrust prematurely 

into project management without adequ~te technical training . 

. . . There should be provisions for adequate technical as well 

as managerial development and advancement.* 

Indeed, one of the principal justifications for maintaining high quality 

in-house laboratories in AFSC and OAR is to provide a ready context in 

which s•1 officer• can gain this necessary bench-level technical experi­

ence, followed by later experience in technical or administrative manage­

ment in MD activitiea. 

The next section of this chapter examines more closely the function 

of in-house laboratories in providing this kind of experience. At this 

point, however, the recommendations derived from the four studies reviewed 

are presented in Figure 5, showing whether each recommendation was empha­

sized in each study under consideration. 

In-house Laboratories and s•E Career Development 

In Chapter II it was pointed out that the Air Force contain• in-house 

laboratories both in the Office of Aerospace Research and in the Air Force 

Systems Command. The OAR laboratories are oriented more toward basic or 

fundamental research in areas of interest to the Air Force, while the labo­

ratories of the Research and Technology Division and of other divisiona 

within AFSC are oriented more toward applied research and development ac­

tivities. Both kinda of laboratories, therefore, offer opportunities for 

different experiences during the career development of s•E officers. Many 

studies have shown that basic research require• forms of organization and 

of management practices that differ from those required by applied research 

and development, and vice versa. Thus one important function of in-house 

laboratories within a larger technology-dependent organization is to pro­

vide an organizational context in which technology management personnel 

can obtain a first-hand knowledge of the management of research and of 

development activities. This management education function of in-house 

laboratories has been described by industrial research executives in such 

• Lieutenants' Ad Hoc Committee Report, p. 14. 
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dive rse rganizations as North American Aviation, Inc., and the Ford Motor 
Company a s possibly.!!!,!~ impor~ function of in-house laboratories .• 

Fo r example, the Aerospace Research LaboralorJ.es and the F. J . Seiler 
Laboratory of OAR provide facilities and programs t hat are especially con­
venient as a conteAt f or thesis stud~es connected with obtaining advanced 
scientific or engineering degrees at the Air Force Institute of Technology 
(Wright Field) or the Air Force Academy, respectively. The OAR Air Force 
Cambridgl Research Laboratories benefit by close working relations with 
sci nti fic programs and individual scientists at Harvard University, the 
Massachuset ts Institute of Technology, and other outstanding institutions 
in the Boston scientific and technical compl e x. Similar advantages are 
enjoyed by the AFSC Research and Technology Division Laboratories in the 
Wright Field area. The Air Force Weapons Laboratory (Albuquerque, N.M. ) 
of the Research and Technology Division is predominantly staffed by S&E 
officers, and therefore is an especially appropriate context for these 
officers to gain career experience in technical fields. 

However, the role of in-house laboratories in the career development 
of S&E officers has been severely limited in the past by the lack of ade­
quat~ numbers of available middle management positions, either for direct 
officer assigruuent or for assignment in "dual deputy" positions. In this 
regard, the Gibson report has pointed ,::;ut (with special reference to OAR): 

• 

t 

Opportunities to dirt.•; t, manage, and lead are rare in OA~ except 
at th~ colonel level. Middle management sci~ntific positions 
in a.\R units are almost devoid of officers. If, indeed, the USAF 
desires to improve the image of the "blue suit"~ leader in 
the eyes of the technological community, the "blue suit" scien­
tific leader m11st be allowed and encouraged to develop himself 
along both aan: .ger-ial and scientific lines. t 

For a further description and analysis of the management education 
function and other functions of in-house basic research laboratories 
in industry and government, see H.K. Vollmer, editor, The Fundamental 
Research Activity in a Technology-Dependent Organization (Washington, 
D.C.: AFOSR, forthcoming); see also Jacob E. Goldman, "easic Research 
in Industry," International Science and Technolo(Y (December 1964), 
pp . 38-46; Ja~k A. Morton, 11From Research to Technology," International 
.science and Technology (May 1964), pp. 82-92; William J. Price, The 
RaD Organization's Fundamental Research Activity as a Window between 
Science and Technology" (Washington, D.C.: a paper presented before 
the American University Ninth Conference on Research Administration, 
1964, available from AFOSR); and H. M. Vollmer, Applications of the 
Behavioral Sciences to Research Management: an Initial Study in the 
Office of Aerospace Research . 
Gibson Report, p. 6. 
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Th autho r · of th Gibs n r po rt view OAR in-h u e laboratories as making significant contr i butions to th f ollowing phas es o r S&.E car er deve lopment: 

Th ~ arly years of th e &E of f ice r ' s care r should be spent on obtaining prof essional compe tenc j ust as the pilot obtains fly­ing comp t nee. If he is qualified, he should write professional papers so as to become nationally known in his field. If not qualified t o do or\ginal r search, he should be allowe d to ass :~ t h~re experienc e d sci ntisls on proj c ts already in being and then at some time point sho~ld go on to school to get the ad­vanced degre that will qualify him to do r esearch on his own . . 

During his early tours n r s _arch and de ve l opm nt, th S&.E officer should broad n hims e l and be giv n positions of increas­ing responsibility . An as sigrun nt such as branch chief in an OAR laboratory would a l low him to learn, as well as demonstrate, leadership. There should also be opportunities to participate in research under th Tra ~ning with Industry program . AFOSR contractors might welcome such an arrangement. Whether "train­ing with industry" should be as bench scientist or manager or both would have to b reso lved . 

As he progresses further toward his career goals, he should direct technical activities, manage research programs, plan and execute science and engine ring endeavors, and provide a link between the Air Force and world science. He must eventually furnish the scientific leadership which is necessary to estab­lish prioritieF. anJ obtain 00D r sources for programs which will lead to high payoff in combat potential for the Air Force . • 
To accomplish these career objecttv6s for S&.E officers, it is sug­gested that officers in OAR and AFSC could be more often assigned to mid­dle management positions to serve as dual deputies to civilian technical managers and admi.nistrative managers . t TI1is procedure would simultaneously provict'9 for the c a r ee r de ve lopir.ent ne ds of offic rs (as military tech­nology mftnagemen t generalists) and of civilian employees (as technical or administrative managers) . 

• ~-, pp . 5-6. 
t To provide opportunities for dual deputy assignments, a departure from normal manpower allocation concepts may be required by establishing a mechanism for "career progression lot " whereby the Sil officer would always be covered by a "space." He would carry this "space" with him when he moved, thereby making possible hi ~ assignment if the organi­zation involved does not have a s pace for him . 
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, 

Professionalization of Military Technology Management Generalists 

The process of professionalization has affected a variety of occupa­

ti ns, to a greater or lesser degree, especially as these occupations 

hnve b en confronted by changing technology in recent centuries. Among 

the key elements of professionalization, as it affects any occupation, 

are the concurrent development of (1) specialized techniques supported 

by a body of fundamental theory, (2) a fairly predictable career (or se­

quence of job assignments) supported by an organized body of colleagues, 

and (3) professional status recognized by the wider community or society.• 

The military constitutes one of th most highly professionalized groups 

in modern societies.t Whereas military organizations were once led largely 

by an aristocratic class with per9onal pledges of loyalty and service to 

a monarch or a feudal lord and were staffed largely by amateurs--peasants, 

draftee•, and "civilian soldiers"--the core of modern militet"y organiza­

tions 1• a group of dedicated and highly trained career officers (both 

commissioned and noncommissioned) w~o have been recruited from all social 

strata. Thia group exhibits a high degree of profeaaionalization by vir­

tue of the fact that (1) the military techniques they practice ar baaed 

on a complex body of fundamental military theory, especially •ince the 

time of von Clauaewitz, (2) th~ir career patterns have become clearly for­

mulated and aaintained by the policies and practices of the officers' corps 

of the different branche• of the military service, and (3) their status 1• 

clearly differentiated from all other civilian statuses and recognized by 

civi l ian•; and this rec-:>gni tion is con:3t • .ntly reinforced through symbolic 

means such aa the wearing of uniforms and insignia of grade and the use of 

military titles, etc. 

Modern urban-industrial society, in general, has been characterized 

as a "professionalizing society"; it requires many different profesaiona 

to ca, ry on 1 ta vital function■. These profession■ must interact i.n in­

stitutional matrixe• for a society to survive. Thus, the health maintain­

in1 function• of modern society are focused in hospitals, where member• of 

a variety of health prof~•sions and segment• of the medtcal professions 

collaborate to save live•; educational functions are performed by a variety 

• Example• of how these elements effect a wide variety of occupation■ 

and an analysis of their ramifications is presented in H. M. Vollmer 

and D. L. Milla, editors, Profe•aionalization: Readings in Occupa­

tional Change (Englewood Cliff■, N.J.: Prentice-Hall, publication 

forthcomin1 in 1966). 
t For a further diacu11aion and analysis of the military profe•sion, see 

Morris M. Janowi~L, The Profea■ ional Soldier (Glencoe, Ill.: Free 

Presa, 1960) . 

68 



of educational groups in schools and universities (or "multiversities," 
to use Clark Kerr's term); and science is advanced not only by the efforts 
of outst anding individual scientists working within their narrow fields of 
specialty, but also by multidiscipl! nary teams of members from several 
scientific professions working in new frontier fields of biochemistry, 
physical chemistry, psychosomatic medicine, etc., in research institutes. 
Likewise the modern defense establishment requires a variety of profes­
sional groups , including professional military personnel , scientists, 
engineers, management and administrative sp~cialists, nd others in both 
military and civilian categories to carry out its functions. 

It is the fundamental thesis of t his report that the coordination and 
integration of these diverse professional groups, sll ~i th their own par­
ticular group interests, require individuals who perform a technology man­
agement generalist role to achi eve the primary objectives of the defense 
establishment. To perform this role effectively, technology management 
generalists must combine in the ir education and experience a fundamental 
understanding of science and technology with a f undamental understanding 
of military affairs. This is the log ica l objective of the career develop­
ment of the S&E officer. 

Sue~ a career objective cannot ce obtained if military officers are 
restricted to "strictly military" (i.e., traditional military op~rations) 
functions; they must also have a fundamental understanding of key activ­
ities in the Rid> spectrum, which in turn provides the changes in technology 
that are having such a profound effect on modern milita,·y strategy and 
tactics. Allowing Air Force officers to have significant assignments in 
AFSC or OAR, or preferably in both, as well as in operatior.al commands, is 
most desirable f~r this purpose. 

!_!!! end result?!~ !fOroach _!£ career development suggested~ 
this report~ be~ professionalization of~ military technology 
management generalist. All th~ recommendations listed earlier in this 
chapter would contribute to this end. Highly professionalized military 
technology management generalists would achieve high status and recogni­
tion, not only b,rong other begments of t he military profession, but also 
in civilian scientific , technical, and management professions. To accom­
plish t~is objecti ve . military technology management generali s ts must be 
trained in servic e s~hools or civilian schools in a body of theory that 
underlies technology management practices, as well as in a body of theory 
that underlies military operations. Furthermore, military technology man­
agement generalists must b able to f oresee a reasonably predictable 
career of meaningful as ~i gnments where their abilities are f ully recognized 
and used. 
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Appendix 

INTERVIEW SCHEDULE 

.• tcEDlNG 
PAGE BLANK 



------------------

INTERVIEW SCHEDULE 

AF S&E Officers Career Study 

1. Introduce self; from SRI. Have been conducting studies of RIJ> management in all kinds of labs, not just government . 

2. At this particular time, we are taking a deeper look At the military manager of science - the S&E officer - what he does, how he gets where he i s now (his ~areer), P.nd his probl ems and satisfactions . We want to look at the kind of world he lives in and how the Air Force can attract, retain, and develop young men for this kind of career . 
3 . Therefore, we would like to ask you some questions abou t these matters from the standpoint of your own work experiences, past and present. We will also be interviewing other experienced SU officers in other commands and at other Air Force locations. 

4. I have a series of questions to ask about your own background, work experiences, and opinions on this subject . As we go through these questions, if you have any comments to add that you feel will be use­ful, please do so. 

5 . Do you have any questions before we begin? 

Name: 

Address: 

Date: 

PRECEDING 
PAGE BLANK 

Tim 
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• 

Background 

1 . Date of entry into service : 

2. Source of commission (OTS, RCTC, AFA, other) and date: 

3. Date of birth : 

4 . Where did you grow up (rural vs . urban, etc . ) : 

5 . Any civilian employment (nature and duration)? 

6 . Current AFSC specialties: 

7. Service schools and colleges : 

Name of 
school Dates attended Degree Date of degree 

8. Civilian schools and colleges : 

Field of 
degree 

Name of 
school 

Date of Field of Financial 
Dates attended Degree degree degree sponsor 

9. Ever rated status? When? 

10. Title of present position : 

11. Summary of past military positions : (Any non-R~ experience, oper­
ating experience, etc . ) 

Job Title Dates General nature of duties 

Present Activities 

1 . How many professional-level SU type personnel are there under your 
supervision? 

a . 11111 tary: 

b. Civilian: 

2. What is the approximate degree mix of the professionals under y0ur 
supervision? 

Doctors Masters Bachelors Non-degreed 
a . IUli tary : 

b . Civilian : 
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3 . How would you generally describe the nature of the w0rk under your supervision? (e.g., basic rese•rch, exploratory development, 
advanced development, engineering development.) 

4. Thinking back on the work in your present job, what w~uld you say are the most important decisior.s you have to make? (For example, 
deci s ions about the technical conduct of the work, about personnel assignments, about other administrative matters, etc . ) 

5 . Ir. your group or lab, how are decisions made about starting a new 
project? Who usually ini tiates the project idea? Who has the fina~ approval? 

6 . In your group or lab , who usually makes decisions on the day-by-day technical conduct of the work? How much do you personally partici­pate in this? 

7 . If you had to make an estimate, about how much of your time would you say you normally spend on the following three types of activities: 

a. Actually working on research projects, or making decisions on 
their day-by-day conduct? 

b. Planning future projects and activities, including proposal 
writing? 

c. Administrative matters? Which of these takes the most time? 

8. To what extent is publication in technical journals an important facet of the activity under your supervision? During the last year, say, have you had an opportunity to participate as an cuthor or 
coauthor of any of th~se publications? (If so, get citation.) 

9. Which of the following would you say be s t describes the kind of supervision you practice in your activities : 

a. Close direction of the work of scientists or engineers? 

b. Occasional consultation with scienti s ts and engineers on their work? 

c. A hands off appr,)ach - we rarely discuss their work? 

Could you expand on your answer here a little bit and point c ~t what you mean? 

10. What would you say are the principal satisfactions that you get from your present work? (Include here present ass ignment as well as other likely AF a s signments . ) 
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----- -

11 . What are the main problems that you have in connection with your 
work? Please describe : 

Funding 
Phy sical fa i lities 
Personnel 
Support services 
Management practices 
Admin ist r a tive requirement s 
Other 

ll. When you first came i nto t he service , did you think you would be 
staying in fo r years , like you hav? When did you make this 
deci sion? Can~identif any other) major career decisions that 

ou have made , or perhap s are going to have to make in the near 
future? What do yo u now see a s the pros and cons on deciding one 
way or the other? 

13. As you see it now , do you feel that in the future , you will more 
likely: 

a . Stay in the Air Force or become a civilian? 

b . Stay in Rid> work or get into somet~ing else? 

c . Why - pros and cons? 

Opinions on S&E Career Development 

1 . From the standpoint of your experience , what do you think could be 
done to improve the re tention and career development of S&E offi~ers 
in the AF? 
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