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3BTDC)E  The proGect that is the subGect of this report was approIed by the ?oIerning 7oard of 
the 3ational Jesearch CouncilK whose members are drawn from the councils of the 3ational 
Academy of SciencesK the 3ational Academy of )ngineeringK and the Dnstitute of .edicine. The 
members of the committee responsible for the report were chosen for their special competences 
and with regard for appropriate balance. 
 
This study was supported by ?rant 3o. 2NNO-Q-22 between the 3ational Academy of Sciences 
and the Alfred =. Sloan Roundation. Any opinionsK findingsK conclusionsK or recommendations 
eSpressed in this publication are those of the authorTsU and do not necessarily reflect the Iiews of 
the organiVations or agencies that proIided support for the proGect. 
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Additional copies of this report are aIailable from the 3ational Academies =ressK ONN Rifth 
StreetK 3.:.K WockboS 2XOK :ashingtonK 2C 2NNOOY TXNNU Z2[-Z2[2 or T2N2U QQ[-QQ1Q Tin the 
:ashington metropolitan areaUY DnternetK httpE]]www.nap.edu. 
 
Copyright 2NNX by the 3ational Academy of Sciences. All rights reserIed. 
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The -9=2649:.*19?3AR.67.01234138 is a priIateK nonprofitK self-perpetuating society of distinguished scholars engaged 
in scientific and engineering researchK dedicated to the furtherance of science and technology and to their use for the 
general welfare. Upon the authority of the charter granted to it by the Congress in 1XZQK the Academy has a mandate 
that requires it to adIise the federal goIernment on scientific and technical matters. 2r. Jalph `. Cicerone is president 
of the 3ational Academy of Sciences. 

The -9=2649:. *19?3AR. 67. #4H2433524H was established in 1aZ[K under the charter of the 3ational Academy of 
SciencesK as a parallel organiVation of outstanding engineers. Dt is autonomous in its administration and in the selection 
of its membersK sharing with the 3ational Academy of Sciences the responsibility for adIising the federal goIernment. 
The 3ational Academy of )ngineering also sponsors engineering programs aimed at meeting national needsK 
encourages education and researchK and recogniVes the superior achieIements of engineers. 2r. Charles .. best is 
president of the 3ational Academy of )ngineering. 

The (48=2=@=3. 67.<3?21243 was established in 1acN by the 3ational Academy of Sciences to secure the serIices of 
eminent members of appropriate professions in the eSamination of policy matters pertaining to the health of the public. 
The Dnstitute acts under the responsibility giIen to the 3ational Academy of Sciences by its congressional charter to be 
an adIiser to the federal goIernment andK upon its own initiatiIeK to identify issues of medical careK researchK and 
education. 2r. 9arIey b. Rineberg is president of the Dnstitute of .edicine. 

The -9=2649:."383951G.)6@412: was organiVed by the 3ational Academy of Sciences in 1a1Z to associate the broad 
community of science and technology with the Academy’s purposes of furthering knowledge and adIising the federal 
goIernment. Runctioning in accordance with general policies determined by the AcademyK the Council has become the 
principal operating agency of both the 3ational Academy of Sciences and the 3ational Academy of )ngineering in 
proIiding serIices to the goIernmentK the publicK and the scientific and engineering communities. The Council is 
administered Gointly by both Academies and the Dnstitute of .edicine. 2r. Jalph `. Cicerone and 2r. Charles .. best 
are chair and Iice chairK respectiIelyK of the 3ational Jesearch Council. 
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This study eSamines the role of master’s education in the natural sciences1 and 

whether and how master’s degree programs might be enhanced to bolster our nation’s 

workforce and our science-based industries. To carry out the studyK the 3ational 

Academies appointed a committee of eSperts that was charged with eSploring and 

answeringK as possible giIen the data aIailableK the following questionsE 

1.! :hat are employer needs for staff trained in the natural sciences at the masterfs 

degree leIelg Are they able to find or deIelop the staff they need at this leIelg 9ow 

do employers communicate their employment needs to educational programs and how 

can this communication be enhancedg  

2.! 9ow do masterfs leIel professionals in the natural sciences contribute in the 

workplaceg :hat are the employee characteristics that employers seek in staff with 

adIanced trainingg 2o masterfs leIel professionals enter the workforce with a 

masterfs degree or do they enter with a bachelorfs degree and earn a masterfs degree 

laterg 

Q.! :hat is known about students who pursue and obtain masterfs degrees in the natural 

sciencesg :hat are their educational and career goalsg 9ow do masterfs programs 

meet or support these educational and career goalsg 

[.! :hat can be learned from efforts already underway to re-shape masterfs education in 

scienceg :hat effectiIe practices haIe been identified that could be adopted by 

othersg 

                                                 
1 7y natural sciencesK we mean the physical sciencesK biological sciencesK geosciencesK mathematicsK and 
computer science. 
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O.! :hat can masterfs leIel programs in the natural sciences learn from each otherg :hat 

can they learn from the way graduate-leIel professional programs in fields such as 

businessK public policyK public healthK and engineering deIeloped to meet employer 

needsg 

Z.! :hat findings and conclusions about appropriate goals and effectiIe practices for 

enhancing masterfs education in the natural sciences can be drawn from the answers 

to the preceding questionsg 

c.! :hat recommended neSt steps can the committee proIide for stakeholders-studentsK 

facultyK department chairsK uniIersity administratorsK employersK federal agencies and 

policymaking bodies-concerned with enhancing masterfs leIel professional 

educationg 

As a result of its work in carrying out this chargeK the committee determined that 

there is a strong employer need for graduates of professional science master’s programs 

andK moreoIerK that these graduates would make a significant contribution to our national 

competitiIeness and security through their employment in a Iariety of science-based 

positions in industryK goIernmentK and non-profits.  ConsequentlyK this reportK while 

coIering each of the questions in the chargeK tended to focus more heaIily on questions 

about employer needsK student characteristics and the ways that graduates can contribute 

in the workplaceK and what can be learned from efforts underway to enhance the master’s 

in the natural sciencesK particularly as a professional degree.  The questions regarding 

communication between employers and institutions is important and addressedK but one 

that requires new research and we make a recommendation regarding this.  huestion fiIe 

was addressedK but eSamined primarily in AppendiS RK with only brief discussion in the 

report. 

 This reportK thenK was organiVed to present a focused argumentK particularly about 

professional science master’s programs.  Ror the reader interested in specific questions in 

the chargeK the following proIides pointers to places where they are addressedE 

1a. :hat are employer needs for staff trained in the natural sciences at the masterfs 

degree leIel and how do they communicate their needsg  2emands of the 

marketplace are addressed on pages QN-Q1Y emerging employer needs on pages 
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[N-[Z  and in 7oSes 2.Z and 2.cY and a general discussion of eIidence for 

employer demand on pages [Z-[c and AppendiS D. 

1b.9ow do employers communicate their employment needs to educational 

programs and how can this communication be enhancedg  )mployers tend to 

communicate their needs in two waysE T1U at the local leIelK where they may be 

engaged in employer adIisory boardsK and T2U through national associations.  Wike 

others working in this areaK we belieIeiand haIe recommendedithat strong 

connections between programs and adIisory boardsK if properly constituted and 

energiVedK can proIide an important link here.  See particularly pages O2-O[ and 

the recommendations beginning pages c1 and cQ. 

2. 9ow do masterfs leIel professionals in the natural sciences contribute in the 

workplaceg :hat are the employee characteristics that employers seek in staff 

with adIanced trainingg  The answer to these questions can be found in those that 

address the questions about employer needs.  See pages [1-[Z. 

Q. :hat is known about students who pursue and obtain masterfs degrees in the 

natural sciencesg  The report addressed the numbers of master’s degrees awarded 

annually by field on pages 1c-2NY student goals on pages 2Q-2ZK Q1-Q2K and 7oS 

2.1Y careers of graduates on pages 2Z and 2aY and offers and salaries of recent 

graduates on pages [Z-[c. 

[. :hat can be learned from efforts already underway to re-shape masterfs education 

in scienceg :hat effectiIe practices haIe been identified that could be adopted by 

othersg  This has been eStensiIely coIered in the report.  See pages Q2-[N and [c-

OOK and 7oSes 2.QK 2.[K and 2.O. 

O. :hat can be learned from the deIelopment of other professional degree programsg 

This is coIered on pages 21-22 and more eStensiIely in AppendiS R.   

The committee was comprised of indiIiduals who brought eSpertise in the natural 

sciences disciplinesK graduate educationK higher education administrationK and employer 

needs in industryK goIernmentK and non-profits.  To coIer the broad range of employersK 

the committee included members who haIe eSperience in each of these areas.  `ames 

SpohrerK =hilip TuchinskyK Jita ColwellK and 9enry Jiggs work or haIe worked in 

industry and bring eSperience from such diIerse sectors as information technologyK 
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biotechnologyK automotiIe manufactureK and business analytics.  Jita ColwellK 2onald 

WangenbergK .ary ClutterK 2aryl ChubinK and =aul ?affney are all former Rederal 

officials who bring eSperience with Rederal science agencies andK in the case of bice 

Admiral ?affneyK the defense establishment as well.  `onathan Kayes is the current Chief 

Wearning Bfficer with the Central Dntelligence Agency. 2aryl ChubinK Wee 9untsmanK 

and Thomas Tritton are all currently affiliated with non-profit science organiVations. TSee 

Committee member biographies in AppendiS 7 for further details.U 

 The committee gathered eIidence in seIeral ways to address its chargeE 

•! )Sperts in competitiIenessK graduate educationK and industry workforce needs 

testified to the committee at its meetings in .arch and `uly 2NNcY 

•! JepresentatiIes of innoIatiIe master’s degree programs in the natural sciences 

presented descriptions of those programs to the committee at its .arch and `uly 

meetingsY 

•! Bfficials of the Alfred =. Sloan RoundationK the 3ational Science Roundation T3SRUK 

and the Council of ?raduate Schools TC?SU proIided the committee with their 

perspectiIes on master’s educationK particularly in the conteSt of all graduate 

education and U.S. economic competitiIenessY 

•! The committee reIiewed and assessed the proIisions of Section cNQ[ of the America 

CB.=)T)S Act2ipassed by the U.S. Congress and signed into law by =resident 

?eorge :. 7ush during the course of this studyithat authoriVes the 3SR to deIelop 

a program of grants for the creation or eSpansion of professional science master’s 

degree programsY and 

•! Staff conducted a reIiew of the releIant literature and data. 

The committee synthesiVed this information as a foundation for this report and its 

findings and conclusions.  Dt drew on these data and information to the eStent they were 

already aIailable and it drew as well on the eSperienceK eSpertiseK Iiews and collectiIe 

Gudgment of the committee members.  As described in detail in chapter 2K proGecting 

demand for a “productK” especially a relatiIely new one like the professional science 

master’s degree is fraught with particular difficulty eIen when such data as offers and 

                                                 
2 America Creating Bpportunities to .eaningfully =romote )Scellence in TechnologyK )ducationK and 
Science ActK =ublic Waw 3oE 11N-Za. 
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salary comparisons support one’s conclusions.  Dt is the Gudgment of this committeeK 

nonethelessK that =S. graduates are in demand and will continue to be in increasing 

numbers in the future.  T.eeting agendas in AppendiS C list indiIiduals who spoke to the 

committee.  The full teSt of Section cNQ[ of the America CB.=)T)S Act is proIided in 

AppendiS 2.U 

Bne audience for this report includes CongressK the president and the 

administrationK the federal agencies charged with carrying out the America CB.=)T)S 

ActK and educational and science policy makers at the state leIel. :e would also like to 

note the importance of the philanthropic community both in promoting innoIation in 

higher education generally and in driIing change in master’s education in the sciences 

more specifically. The Alfred =. Sloan Roundation and the :illiam .. Keck Roundation 

haIe played important roles in the last decade in laying the foundation for change. :e 

belieIe there is an ongoing role for philanthropy in encouraging continued deIelopment 

in master’s education and we address this audience as well. 

The audience for the report also encompasses four-year institutions of higher 

educationK studentsK and employersiall of whom are actors in the deIelopment of 

professional science education. 9igher education institutions need to innoIate to continue 

to offer programs that are releIant to society and the economy. :hile this report urges 

change in master’s educationK we eSpect that these changes will also impact 

undergraduate leIel and doctoral leIel education. :e urge students to take adIantage of 

the opportunities proIided by new and eSciting programsK like the professional science 

master’s that is described in this reportK that proIide not only a more adIanced 

understanding of science but also practical skills for the workplace. )mployersi

industryK nonprofitsK and goIernmentiare critical to the success of this initiatiIe.  They 

should form partnerships with master’s degree programs to deIelop and eIolIe curricula 

on an ongoing basis and proIide mentoringK internshipsK team proGectsK and employment. 

This report has been reIiewed in draft form by indiIiduals chosen for their 

diIerse perspectiIes and technical eSpertiseK in accordance with procedures approIed by 

the 3ational Academies’ Jeport JeIiew Committee. The purpose of this independent 

reIiew is to proIide candid and critical comments that will assist the institution.in making 

its.published report as sound as possible and to ensure that the report meets institutional 
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standards for obGectiIityK eIidenceK and responsiIeness to the study charge. The reIiew 

comments and draft manuscript remain confidential to protect the integrity of the process.  

:e wish to thank the following indiIiduals for their reIiew of this reportE Jobert 

AtkinsonK Dnformation Technology and DnnoIation RoundationY ?. :ayne CloughK 

?eorgia Dnstitute of TechnologyY T. ?regory 2eweyK Keck ?raduate Dnstitute of the 

Applied Wife SciencesY `udith ?laVer-JaymoK Columbia UniIersityY Susan 9ackwoodK 

California Council on Science and TechnologyY Karen KlomparensK .ichigan State 

UniIersityY Carol 3acyK SequellaK Dnc.Y Stephanie BfSulliIanK Central Dntelligence 

AgencyY Winda StrausbaughK UniIersity of ConnecticutY :illiam baldeVK 2epartment of 

)nergyY 7ogdan bernescuK :orcester =olytechnic DnstituteY and )rnst bolgenauK SJA 

Dnternational. 

Although the reIiewers listed aboIe haIe proIided many constructiIe comments 

and suggestionsK they were not asked to endorse the conclusions or recommendationsK nor 

did they see the final draft of the report before its release. The reIiew of this report was 

oIerseen by.Charles =helpsK UniIersity of Jochester. Appointed by the 3ational 

AcademiesK he was responsible for making certain that an independent eSamination of 

this report was carried out in accordance with institutional procedures and that all reIiew 

comments were carefully considered. Jesponsibility for the final content of this report 

rests entirely with the authoring committee and the institution. 

 The study committee thanks the Alfred =. Sloan Roundation for the financial 

support it proIided for this study and the many eSperts who met with the committee to 

proIide their insights on the policy conteStK employers’ workforce needsK and 

deIelopments in master’s education. :e also thank the staff of the 3ational Academies 

who helped organiVe our committee meetings and draft the report. 

 

"2=9."K.)6:J3::I.)G925.

)6AA2==33.64.#4G94124H.=G3.<98=35>8.F3H533.24.=G3.-9=@59:.01234138.
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by disciplineK 1acOm1acZ to 2NN[m2NNO      1a 
 
Rigure 2.2 Sd) master’s degree recipientK with no additional adIanced  
degrees 1N or more years after first Sd) master’s degreeK by broad fieldK 2NNQ  
TpercentageU          2c 
 
Rigure 2.Q Sd) masterfs degree recipientK with no additional adIanced  
degrees 1N or more years after first Sd) master’s degreeK by fine fieldK 2NNQ  
TpercentageU          2c 
 
Rigure 2.[ .edian salaries of degree recipients one to O years after  
degreeK by field and leIel of highest degreeK 2NNQ     [2 
 
Rigure 2.O Dnflation-adGusted change in median salary one to O years  
after degreeK by field of highest degreeK 1aaQm2NNQ     [2 
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7oS 1.1 The ConteSt for DnnoIation and CompetitiIeness =olicy  1N 
 
7oS 1.2 Jeform in ?raduate )ducationE D?)JT and ?K-12   1Z 
 
7oS 2.1 .aster’s )ducation for Science and .athematics Teachers  22 
 
7oS 2.2 Typologies of .aster’s 2egree =rograms    2[ 
 
7oS 2.Q Keck ?raduate Dnstitute of the Applied Wife Sciences  QO 
 
7oS 2.[ Alfred =. Sloan Roundation =rofessional Science .aster’s  

DnitiatiIe        QZ 
 

7oS 2.O ?uidelines for Rormal Jecognition as a =rofessional Science  
.aster’s program T=S.U by the Council of ?raduate Schools QX 
.

7oS 2.Z 7usiness Dntelligence        [[ 
 
7oS 2.c SerIice ScienceK .anagementK and )ngineering   [O 
 
7oS 2.X Scientific Societies and the .aster’s 2egree    O1 
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Dn the course of our nation’s historyK our leadership has made bold moIes to equip 

our people with the skills and knowledge needed for the future.  The .orrill Wand ?rant 

Act of 1XZ2K the SerIiceman’s JeadGustment Act of 1a[[ Tcommonly known as the ?D 

7illUK and the 3ational 2efense )ducation Act T32)AU of 1aOXK each reflecting the needs 

of its timesK spurred socialK economicK and technological change through undergraduate 

and graduate education. 

There is growing consensus that we are again at one of those moments when we 

need bold actions.  The Iitality and competitiIeness of the U.S. economy is due in large 

measure to the inIestment our nation has made oIer fiIe decades in research and higher 

educationK yielding a steady stream of scientific and technical innoIations.  .any 

countriesK howeIerK now inIest in research and the deIelopment of knowledgeable people 

who play a critical role in competitiIe success.  The deIelopment of research capacity 

and productiIity in )urope and Asia and the global competition for talent are now 

challenging U.S. technological leadership.   

There has not been a singular eIentK such as the SoIiet launch of Sputnik in 

Bctober 1aOcK to sound a clarion call to action.  DnsteadK the situation has deIeloped 

under the radar like a “Silent Sputnik.”  Dt is a situation of deep concern nonetheless and 

the nation needs to act.  

Americans concerned about the nation’s position in the global economy haIe 

proIided recommendations to fuel the competitiIeness of both our economy and the 

scientific enterpriseE steps needed to improIe Km12 science and mathematics educationY 

make the United States the most attractiIe setting in which to study and conduct researchY 

sustain and strengthen the nation’s commitment to long-term basic research that secures 
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our countryY and ensure that the United States is the premier place in the world to 

promote innoIation.  Wast summerK the U.S. Congress passed and the president signed 

into law the America CB.=)T)S Act laying the groundwork for the implementation of 

many of these recommendations.  let moreK including the necessary appropriation of 

funds for new or eSpanded programsK is needed. 

Talent is one of the important keys to innoIation and competitiIe success.  

Jeforming K-12 scienceK technologyK engineeringK and mathematics TST).U education 

and encouraging undergraduates to pursue technical education and careers are both 

critical.  Supporting doctoral students who will undertake future research is fundamental.  

letK the master’s-trained segment of the science workforce is piIotalE strengthened 

master’s education in the natural sciences will prepare professionals who bring scientific 

knowledge and also the ability to anticipateK adaptK learnK and lead where and when 

needed in industryK goIernment and non-profits. 

TraditionallyK the masterfs degree in the natural sciences has tended to be single-

discipline in orientationK an eStension of undergraduate science educationK and 

preparatory to the doctorate.  Dn many fieldsK such as the biological sciencesK physicsK and 

chemistryK the award of a master’s degree has typically signified either a “stepping-stone” 

en route to the doctorate or a “consolation priVe” for those who were not admitted to 

candidacy or dropped out.  )Sciting eSperiments in master’s education oIer the last 

decadeithe .aster of 7iosciences T.7SU program at the Keck ?raduate Dnstitute of 

Applied Wife Sciences and the =rofessional Science .aster’s T=S.U initiatiIe seeded by 

the Alfred =. Sloan RoundationQihaIe shown that graduate education in these fields can 

prepare students for adIanced science-based work in a way that is highly desired by 

employers.  These programs are useful and scalable. 

Dn the CB.=)T)S ActK the 11Nth Congress agreedK authoriVing the 3ational 

Science Roundation T3SRU to create a new program of grants to four-year institutions that 

will proIide for the creation or eSpansion of professional science master’s T=S.U 

programs.  Through this authoriVationK Congress acknowledged the role in our economy 

                                                 
Q :hile the .7S and =S. degree programs represent different institutional approaches to effecting change 
in professional science master’s education Tsee 7oSes 2.Q and 2.[ in chapter 2UK they are similar in goalsK 
curricular approachesK and their interaction with employers.  Ror purposes of this reportK findingsK 
conclusions and recommendations regarding the =S. should be seen as including the .7S as well. 
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and goIernment at this point in history of the professional who possesses a balanced 

breadth and depth of scientific knowledge and practical workplace skills for the 

productiIe and innoIatiIe application of that knowledgeithat isK a new kind of scientist 

with multidisciplinary skills and eSperiences. 

The time is now right to accelerate and spread nationally the deIelopment of this 

new conceptiprofessional science masterfs education that is interdisciplinary in 

characterK strongly emphasiVes effectiIe communication and problem solIingK and 

proIides an understanding of entrepreneurial skills and technical innoIation.  Successful 

programs that haIe responded to this challenge haIe engaged collaboratiIely a broad set 

of stakeholdersiemployersK prospectiIe studentsK facultyK goIernment agencies and 

other fundersiin designing curriculaK defining education proGects and internshipsK and 

adIocating this new educational opportunity.   

These programs do not displace classical master’s programs.  JatherK faculty 

deIelop them to serIe the needs of students who require a different graduate eSperience 

for the workplaceE banksK insurance and financial companiesK and large firms who hire 

graduates of =S. programs in financial and industrial mathematicsY a maturing 

biotechnology industry with a growing need for middle managers who haIe both 

adIanced scientific knowledge and broader business skillsY serIices corporations like 

D7. that require employees with depth in science and breadth in business and customer 

skillsY and goIernment employers Tparticularly in the militaryK intelligenceK and homeland 

security agenciesU that haIe an increasing need for science- and technology-saIIy staffK 

particularly those with an interdisciplinary background.   
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 After eStensiIe information gathering and deliberationK we recommend concerted 

action to accelerate the deIelopment nationally of professional science masterfs 

education. This recommendation is based on the following findingsE 

 

1. Dn the natural sciencesK the master’s degree is as Iaried in its purpose as it is in any 

broad field.  .aster’s degrees in fields such as physicsK chemistryK the biological 

sciencesK and mathematics haIe typically signified either a “stepping stone” en route to 

the doctorate or a “consolation priVe” for those who were not admitted to candidacy or 

dropped out.  .aster’s degrees in computer science and the geosciencesK by contrastK 

haIe typically prepared graduates for the workplace.  Dn the early part of the twentieth 

centuryK professional and graduate education took diIergent paths and physicsK chemistryK 

and biology are eSemplars of classical graduate education.  =rofessional degreesK by 

contrastK serIed as credentials for practice.  2uring the past ON yearsK tremendous growth 

in master’s degrees awarded in fields such as education and business administrationK 

howeIerK has indicated the professionaliVation of master’s education.  This trend that has 

recently touched natural sciences such as the biological sciences and mathematics where 

traditional master’s programs continueias they shouldialongside the recent 

deIelopment of professional science master’s programs.   

 

2. 9igher education institutions are responding to the increased need for professionals 

who bring both scientific knowledge and professional skills to the workplace by 

deIeloping professional science master’s programs in the natural sciences that proIideE 

•! AdIanced education in the sciencesY 

•! Bpportunities for more interdisciplinary trainingK often in informaticsK 

computationK or engineeringK than a typical science degreeY 

•! 9ands-on eSperiential learning through internships and team proGectsY 

•! =rofessional skills and eSperience in communicationK teamworkK proGect 

managementK business administrationK innoIation and commercialiVationK legal 

and regulatory issuesK ethicsK and]or the international enIironmentY and 
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•! Strong links with employers in industryK goIernmentK and nonprofits through 

eSternal adIisory boardsK curriculum deIelopmentK internships]co-opsK mentoringK 

sponsored team proGectsK and employment. 

)Samples of =S. programs that were presented to the committee showed that 

professional master’s education in the sciences can proIide tailoredK cost-effectiIeK and 

attractiIe education and training to meet student and employer needs.   

 

Q. =rofessional master’s programs can and do attract students who want to work in 

nonacademic sectorsK interdisciplinary careersK team-oriented enIironmentsK managerial 

or other professional leIel positionsK or emerging areas of science and scientific 

discoIery.  They appeal to students who typically do not pursue doctoral educationK but 

seek career adIancementK look to gain a competitiIe edgeK or want to refine professional 

and technical skills in order to reenter the workforce. 

 

[. Salary and placement data for =S. and .7S graduates indicates strong and growing 

current demand for master’s leIel science professionals.  Testimony to the committee 

proIided specific eSamples of the demand for these graduates from biotechnology 

companiesK banks and financial corporationsK information technology firmsK and 

goIernment agencies.  There isK moreoIerK broad support for eSpanding =S. educationK 

Ioiced by the =resident’s Council of AdIisors on Science and TechnologyK the 3ational 

Science 7oardK the 3ational ?oIernors AssociationK the Council on CompetitiIenessK the 

U.S. Chamber of CommerceK the Association of American UniIersitiesK and the Council 

of ?raduate Schools.  :e cannotK of courseK precisely proGect future demand as many 

factors influence labor markets at any particular point in time.  Bur eSperience as 

employers and educatorsK howeIerK leads us to belieIe that the current strong demand 

will continue to grow in the long run and that the nation will benefit from the 

deIelopment of a cadre of science-educated professionals.  The graduates of =S. and 

.7S programs will become process managersK serIice scientistsK inIestment analystsK 

patent eSaminersK SdT acquisition managersK forensic scientistsK or other types of 

professional scientists.  Rrom among theseK in the Gudgment of this committeeK some 



Copyright © National Academy of Sciences. All rights reserved.

Science Professionals:  Master's Education for a Competitve World 
http://www.nap.edu/catalog/12064.html

!"#$!%&'()*+(,-.),!/.

Z  

number will also emerge as leadersK eSecutiIesK and in industryK goIernmentK and non-

profit organiVations.   

 

O. Bur reIiew of the eIolution of professional programs in other fields reIealed the 

important role of foundations in shaping both the content and growth of programs in 

medicineK businessK public healthK and other areas.  Roundation supportifrom the 

:illiam .. Keck Roundation and the Alfred =. Sloan Roundationihas been critical as 

well in the deIelopment of professional master’s programs in the sciences.  Dn the 

committee’s GudgmentK future funding and support for professional master’s programs 

should be a responsibility shared by the federal goIernmentK state goIernmentsK 

philanthropic organiVationsK employersK and higher education institutions. 

 

"#),<<#-F*+(,-0.

Dn August 2NNcK Congress passed the America CB.=)T)S ActK which authoriVes 

the 3SR to deIelop and implement a program of grants to higher education institutions 

that may use them to deIelop or eSpand professional science master’s degree programs.  

:e see this as a step along the road toward growing a large cadre of science-trained 

professionals in the United StatesK though the program is authoriVed but not yet funded.  

let stakeholdersinotably the federal goIernmentK state goIernmentsK philanthropic 

institutionsK national associationsK higher education institutionsK employersK and 

studentsimust undertake additional steps in order to secure the long run success of our 

nation’s efforts to address this important workforce need. 

 

1. To achieIe specific national goals as well as meet general demand for science trained 

professionalsK we recommend the 73?359:.H6C354A34= eSpand the =S. program 

authoriVed in the CB.=)T)S Act so that it is the responsibility of the 3SR and also all 

other maGor federal science agencies[ as well.  :e recommend that each agency program 

                                                 
[ The maGor federal science agencies are those that haIe the largest shares of federal research and 
deIelopment spending and together comprise more than aN percent of such spending.  These includeK in 
addition to the 3ational Science RoundationK the 2epartments of 2efenseK )nergyK 9ealth and 9uman 
SerIices T3ational Dnstitutes of 9ealthUK Commerce T3ational Dnstitute of Standards and Technology and 
3ational Bceanic and Atmospheric AdministrationUK AgricultureK DnteriorK and 9omeland SecurityK and the 
3ational Aeronautics and Space Administration. 
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include two componentsE T1U a program of institutional =S. grants competitiIely 

awarded to four-year higher education institutions for the establishment and start-up 

operations of =S. programs and T2U a program of 3ational DnnoIation Scholarships that 

proIides need-based scholarships for U.S. citiVens who will use them to pay for tuition 

and eSpenses when they enroll in =S. programs.  Dt is critical that Congress appropriate 

funds for this multi-agency program beginning in fiscal year 2NNa and at an appropriate 

leIel.  Df this program flourishes and demand for =S. graduates increases as much as the 

committee eSpects it willK then program funding will need to be considerably larger than 

the leIels that Congress has so far authoriVed. 

2. 0=9=3.H6C354A34=8I which haIe a long history of efforts in economic deIelopmentK 

should regard professional science master’s degree programs as critical to producing a 

cadre of science professionals who can play an important role in managing and growing 

science- and technology-based industries in their states.  Along with the federal 

goIernmentK states should proIide funding for the creation and eSpansion of these 

programs to target particular state and regional needs. 

Q. !G2:94=G56B21.248=2=@=2648 should continue to play a role in creating and sustaining 

professional science master’s degree programs and otherwise spurring innoIation in 

master’s education.  Roundations can proIide matching funds for federal grantsK funding 

to assist students with financial aidK and the seed money for the establishment of a base of 

new programs in a specific field or in support of a specific industry. 

[. )ach B5673882649:.86123=R in the natural sciences and 24?@8=5R.9886129=264 in high 

technology or science-based industries should deIelop an oIerall strategy for addressing 

higher education in its field that includes the =S. and specific actions to help create and 

sustain =S. programs and other innoIations. 

O. E2HG35.3?@19=264.248=2=@=2648 should continue to innoIate in and support the 

deIelopment of master’s degree programs in the natural sciences to meet the needs of 

students seeking science-based careers and of the employers who hire them.  =S. 

programs will proIide students with deeperK often interdisciplinaryK scientific knowledge 

and must include opportunities for the deIelopment of professional skills and practice 

through coursesK summer internshipsK and business- or goIernment-sponsored proGects 

that proIide an inIaluable workplace eSperience.  =roIiding incentiIes to and support for 
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faculty to participate in these effortsK including program design and implementation  is 

critical. 

Z. E2HG35.3?@19=264.248=2=@=2648 should reach out to and work as partners with 

employers to create and sustain programs.  The use of eSternal employer adIisory 

councils will proIide substantiIeK real-time input for framing of new science master’s 

programs and practical assistance with curriculum deIelopmentK mentoringK marketingK 

employer-sponsored proGectsK internshipsK hiring for graduatesK and financial support.  

Dnstitutions should also proIide outreach to studentsK informing undergraduate students 

and potential graduate students of the professional science master’s degree opportunity.   

cK.#AB:6R358 in the for-profitK nonprofitK and goIernment sectors should partner with 

higher education institutions to create and sustain =S. programs. They should participate 

on employer adIisory councils through which they can assist with and benefit fromE 

program conceptionK curriculum deIelopmentK mentoringK employer-sponsored proGectsK 

internshipsK employmentK and financial support. They should inIite representatiIes of 

=S. programs to speak at local or regional business gatherings that proIide a forum for 

communication about the eSistence and attributes of =S. programs and their graduates. 

:e encourage employers to broaden their recruiting beyond traditional sources to hire 

graduates from new programs.  This includes not only federal agencies that require 

=h.2.s for their world-class research centersK but also procurement officersK acquisition 

officialsK proGect and program managers and senior eSecutiIes whoK in their inIestment 

decision making rolesK must understand the latest in technology while simultaneously 

ensuring competitiIe business management outcomes. The =S. proIides an outstanding 

model for educating the indiIiduals who can fill these important federal careers positions. 

X. 0=@?34=8 in professional science master’s degree programs should take full adIantage 

of internships and industry-sponsored team proGects.  :e encourage alumni to proIide 

the professional programs from which they graduated with links to and resources from 

their current employers who can assist with mentoringK internship opportunitiesK and 

information about employment. 
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(446C9=264.94?.)6AB3=2=2C34388.

 The United States enGoys a IitalK dynamic economy that is the largest national 

economy in the world. The Iitality of that economyK as the 3ational Academies’ report 

&'(')*%+,-./%"0/%1#"0/2')*%!"-23 eloquently conIeysK “is deriIed in large part from the 

productiIity of well-trained people and the steady stream of scientific and technical 

innoIations they produce.”O  BIer the last decadeK howeIerK Americans haIe engaged in 

critical discussions about the nation’s position in the global economy and the steps 

necessary to sustain the competitiIeness of both our economy and the scientific enterprise 

that fuels its growth in the long run. TSee 7oS 1.1.U 

The disquiet about our competitiIeness has found its Ioice among Gournalists and  

business leaders. Tom Rriedman writes of a “flattened world” in which the economic 

playing field has been leIeled through reIolutionary forcesiamong them knowledge 

workers deployed throughout the world and networked through the creation of a global 

telecommunications system. Andy ?roIeK former C)B of DntelK contendsE “Df the world 

operates as one big marketK eIery employee will compete with eIery person anywhere in 

the world who is capable of doing the same Gob. There are lots of them and many of them 

are hungry.”  The Council on CompetitiIenessK under the banner of “DnnoIate or 

AbdicateK” adIocates a national effort to spur innoIation as the intensification of a global 

                                                 
O 3ational Academy of SciencesK 3ational Academy of )ngineeringK and the Dnstitute of .edicineK &'(')*%
+,-./%"0/%1#"0/2')*%!"-234%5)/2*'6')*%#)7%5389-:')*%+3/2';#%$-2%# <2'*0"/2%5;-)-3';%=>">2/ 
T:ashingtonK 2CE 3ational Academies =ressK 2NNcUK 1. 
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&6Z.PKP.+G3.)64=3Z=.765.(446C9=264.94?.)6AB3=2=2C34388.!6:21R.

 
The United States takes deserIed pride in the Iitality of its economyK which forms the 
foundations of our high quality of lifeK our national securityK and our hope that our children and 
grandchildren will inherit eIer greater opportunities. That Iitality is deriIed in large part from the 
productiIity of well-trained people and the steady stream of scientific and technical innoIations 
they produce. :ithout high-qualityK knowledge-intensiIe Gobs and the innoIatiIe enterprises that 
lead to discoIery and new technologyK our economy will suffer and our people will face a lower 
standard of liIing. )conomic studies conducted eIen before the information-technology 
reIolution haIe shown that as much as XO percent of measured growth in US income per capita 
was due to technological change. 
 
TodayK Americans are feeling the gradual and subtle effects of globaliVation that challenge the 
economic and strategic leadership that the United States has enGoyed since :orld :ar DD. A 
substantial portion of our workforce finds itself in direct competition for Gobs with lower wage 
workers around the globeK and leading-edge scientific and engineering work is being 
accomplished in many parts of the world. Thanks to globaliVationK driIen by modern 
communications and other adIancesK workers in Iirtually eIery sector must now face competitors 
who liIe Gust a mouse-click away in DrelandK RinlandK ChinaK DndiaK or doVens of other nations 
whose economies are growing. This has been aptly referred to as “the 2eath of 2istance.” 
 
9aIing reIiewed trends in the United States and abroadK the committee is deeply concerned that 
the scientific and technological building blocks critical to our economic leadership are eroding at 
a time when many other nations are gathering strength.n Although the US economy is doing 
well todayK current trends indicatenthat the United States may not fare as well in the future 
without goIernment interIention. This nation must prepare with great urgency to preserIe its 
strategic and economic security. 7ecause other nations haIeK and probably will continue to haIeK 
the competitiIe adIantage of a low wage structureK the United States must compete by optimiVing 
its knowledge-based resourcesK particularly in science and technologyK and by sustaining the most 
fertile enIironment for new and reIitaliVed industries and the well-paying Gobs they bring. 
 
i)Scerpted from 3ASK 3A) and DB.K &'(')*%+,-./%"0/%1#"0/2')*%!"-234%5)/2*'6')*%#)7%
5389-:')*%+3/2';#)(%$-2%#%<2'*0"/2%5;-)-3';%=>">2/ T:ashingtonK 2CE 3ational Academies 
=ressK 2NNcUK 1m[. 
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knowledge economy has put pressure on the United States to remain a step ahead of the 

competition and ensure the United States is the premier place in the world to innoIate.Z 

Dn .ay 2NNOK senators Wamar AleSander TJ-TennesseeU and `eff 7ingaman T2-

3ew .eSicoU asked the 3ational Academies to respond to the question “:hat are the top 

1N actionsK in priority orderK that federal policymakers could take to enhance the science 

and technology enterprise so that the United States can successfully competeK prosperK 

and be secure in the global community of the 21st centuryg”  The Academies acted 

quickly to produce &'(')*%+,-./%"0/%1#"0/2')*%!"-23K a report that proIides 

recommendations for action to improIe Km12 science and mathematics educationY to 

make the United States the most attractiIe setting in which to study and perform researchY 

to sustain and strengthen the nation’s commitment to long-term basic research that fuels 

the economy and secures our countryY and to ensure that the United States is the premier 

place in the world to promote innoIation.  

&'(')*%+,-./%"0/%1#"0/2')*%!"-23%and the administration’s subsequent American 

CompetitiIeness DnitiatiIeK along with the recently passed America CB.=)T)S ActKc 

haIe placed innoIation and competitiIeness among the nation’s highest policy priorities. 

The Iisibility and momentum of the competitiIeness agenda proIides an opportunity to 

shed light on each of the components of the U.S. science and engineering enterprise to 

ensure that they will contribute all they can and must in order to achieIe our national 

goals. Bne of those components is the education and training of a scienceK technologyK 

engineeringK and mathematics TST).U workforce that brings adIanced scientific and 

technical knowledgeK along with key business skillsK to innoIation in our priIate and 

public sectors. Bur focus hereK thenK is on ensuring that our institutions of higher learning 

proIide high quality postsecondary and graduate educationK including master’s educationK 

that meets students’ and employers’ needs. 

 

                                                 
Z Thomas W. RriedmanK ?0/%@-297%A(%=9#"4%+%<2'/$%B'("-2:%-$%"0/%CD("%E/)">2: T3ew lorkE RarrarK ?irouSK 
and StraussK 2NNOU. See also Andrew S. ?roIeK B'*0%F>"8>"%G#)#*/3/)" T3ew lorkE bintage 7ooksK 
1aaOUK and Council on CompetitiIenessK A))-.#"/%+3/2';#K httpE]]innoIateamerica.org] Taccessed Bctober 
2NK 2NNcU. The council’s calls for action and recommendations haIe been echoed and amplified by such 
organiVations as the Association of American UniIersities in H#"'-)#9%I/$/)(/%57>;#"'-)%#)7%A))-.#"'-)%
A)'"'#"'./4%G//"')*%+3/2';#J(%5;-)-3';%#)7%!/;>2'":%E0#99/)*/(%')%"0/%CD("%E/)">2:. This report can be 
found at httpE]]www.aau.edu]reports]32)DD.pdf  Taccessed Bctober 2NK 2NNcU. 
c America Creating BpportunitiesK ibid. 
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.any countries in addition to the United States now emphasiVe the important role 

that knowledgeable and creatiIe people play in any competitiIe field and thereforeK by 

eStensionK the critical role of higher education in competitiIeness. Dreland transformed 

itself from a relatiIely impoIerished )uropean nation into a technology hub with a gross 

domestic product among the highest in the )uropean Union.  Dt did so through taS policyK 

incentiIes for foreign inIestmentK and a substantial inIestment in the education of its 

people.X The )uropean Commission now urges its member states to increase the number 

of ST). graduates and argues that “inIestment in learningnoisp more critical than eIer 

in the conteSt of a qknowledge based society’nit pays off for all concernedithe stateK 

the employer and the indiIidual.” The )uropean Union considers education to be a key 

part of its driIe to achieIe the goals outlined in the Wisbon Strategy “to become the most 

competitiIe and dynamic knowledge-based economy in the world.”a  SimilarlyK Dndia and 

China are taking steps to increase and enhance ST). education and to enlarge their 

workforces in these areas.1N  To competeK thenK the United States must pursue a two-

pronged courseE firstK to inIest in research at the leading edge and find new ways to 

conIert that knowledge to useY and secondK to stay ahead of the competition in the 

deIelopment of its science and engineering workforce. 

&'(')*%+,-./%"0/%1#"0/2')*%!"-23 proIided compelling recommendations for 

sustaining and increasing our knowledge workforceE11 

•! Annually recruit 1NKNNN science and mathematics teachers through scholarships and 

strengthen the skills of 2ONKNNN teachers through training and education programsY 

•! )nlarge the pipeline of students who are prepared to enter college and graduate with a 

ST). degree by increasing the number of students who pass adIanced placement 

and international baccalaureate science and mathematics coursesY 

                                                 
X 3AS]3A)]DB.K &'(')*%+,-./%"0/%1#"0/2')*%!"-23K%1aa. 
a httpE]]ec.europa.eu]growthandGobs]areas]fiche1Nren.htm Taccessed Bctober 1aK 2NNcU.  
httpE]]europa.eu]scadplus]glossary]educationren.htm Taccessed Bctober 2NK 2NNcU.   
1N Dn A)7'#%#)7%"0/%L)-M9/7*/%5;-)-3:4%N/./2#*')*%!"2/)*"0(%#)7%F88-2">)'"'/(K a report that emerged 
from high-leIel interactions with policymakers in DndiaK the :orld 7ank urged Dndia to broaden 
participation in scienceK engineeringK information technologyK and research.  See 
httpE]]info.worldbank.org]etools]docs]library]1QX2c1]DndiaK))SecutiIeSummarysO71sO2.pdf  
Taccessed `anuary QNK 2NNXU. 
11 3AS]3A)]DB.K &'(')*%+,-./%"0/%1#"0/2')*%!"-23K O-cK a-1N. 
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•! Dncrease the number and proportion of U.S. citiVens who earn bachelor’s degrees in 

the physical sciencesK life sciencesK engineeringK and mathematics by proIiding 

2OKNNN new four-year undergraduate scholarships each yearY 

•! Dncrease the number of U.S. citiVens who pursue graduate study in areas of national 

need by funding OKNNN new graduate fellowships each yearY 

•! =roIide federal incentiIes for continuing education in ST). fieldsY and 

•! Continue to improIe Iisa processing and immigration systems to ensure that 

international students and scholars haIe access to our educational institutions and 

research. 

Dn passing the America CB.=)T)S ActK Congress laid the groundwork for the 

implementation of many of these recommendations if and when program funds are 

appropriated.  

The act added to the list of important steps in seIeral key ways. Ror eSampleK it 

asked the 3ational Academies to identify actions to increase the participation of 

underrepresented minorities in ST). fieldsK because the full participation of all our 

nation’s talented indiIiduals in science and engineering is critical to our competitiIeness. 

Dt also authoriVed the 3SR to create a new program of grants to four-year institutions that 

will proIide for the creation or eSpansion of professional science master’s T=S.U 

programs.  =S. programs offer our nation an opportunity to proIide not Gust more 

adIanced scientistsK but a new kind of scientist with multidisciplinary skills and 

eSperiences.12 Through the authoriVation of a =S. program at the 3SRK Congress 

acknowledged the importance to our economy and goIernment at this point in history of 

a type of professional who possesses an adIanced knowledge of scienceK a deeper 

understanding of business or managementK and a range of practical workplace skills that 

allow for the productiIe and innoIatiIe application of that knowledge.  

                                                 
12 .ichael S. TeitelbaumK “A 3ew Science 2egree to .eet Dndustry 3eedsK” A((>/(%')%!;'/);/%#)7%
?/;0)-9-*:K Rall 2NNZ. Sheila Tobias and Weslie 7. SimsK “Training Science and .athematics =rofessional 
for an DnnoIation )conomyK” A)7>("2:%#)7%B'*0/2%57>;#"'-)K August 2NNZ. Christopher T. 9illK “The =ost-
Scientific SocietyK” A((>/(%')%!;'/);/%#)7%?/;0)-9-*:K Rall 2NNcK cXmX[. See alsoK Council of ?raduate 
SchoolsK “?raduate )ducationE The 7ackbone of American CompetitiIeness and DnnoIationK 2NNc”Y this 
report can be found at httpE]]www.cgsnet.org]portals]N]pdf]?Jr?rad)dAmComprN[Nc.pdf Taccessed 
Bctober 2NK 2NNcU. 
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 Scienceiand its application in the workplaceihas itself generated changes in 

and eIen enabled or created new fields and industries. AdIances in computing power and 

storage capacity haIe created whole new fieldsK such as business intelligence and 

bioinformatics. 7usiness intelligenceK which uses adIanced mathematics in analyVing 

large data sets to inform business strategyK only now eSists as a field because of recent 

deIelopments in mass data storageK which in turn eSist because of research on giant 

magnetoresistance that led to phenomenal growth in data storage capacity oIer the last 

two decades. SimilarlyK bioinformatics proIides an eSample of a field that emerged in the 

same period of time through the productiIe interaction of two disciplinesicomputer 

science and biologyito contribute to such important scientific endeaIors as genomic 

research. A third eSampleK biotechnology has deIeloped in the latter decades of the 2Nth 

century by applying adIances in the life sciences to the deIelopment of new treatments 

for disease.  

Dn each of these casesK a new discipline or industry unknown Gust two decades ago 

has emergedK and in these areas professionals trained at the master’s leIel in the sciences 

may be key contributors and innoIators in the workplace. 7iotechnology and other 

science-based industriesK such as computer serIicesK require people who can bring 

adIanced scientific knowledge along with a broader set of skills that allow for the 

productiIe eSchange and implementation of that knowledge in the workplace. .aster’s 

degree programs are able to proIide students with the opportunity to obtain adIanced 

science knowledge beyond the baccalaureate and can also incorporate opportunities for 

students to obtainK through class work or proGect eSperience and internshipsK the ability to 

communicate wellK work in teamsK and other skills. Dndustry needs what some haIe 

referred to as the “T-shaped” professionalE indiIiduals with depth and breadth. They haIe 

“contributory knowledge” Tdeep learning in the scienceU as well as 

“interactional]articulatory eSpertise” Tbreadth of workplace skillsU. BrganiVations whose 

staff are not only knowledgeable but are able to share that knowledge effectiIely are 

positioned for greater success.1Q 

 

                                                 
1Q .arcelo CataldoK Kathleen .. CarleyK and Winda ArgoteK “The )ffect of =ersonnel Schemes on 
Knowledge TransferK” found at httpE]]www.casos.cs.cmu.edu]eIents]conferences]2NNN]pdf].arcelo-
Cataldo.pdf Taccessed 2ecember 11K 2NNcU. 
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 AdIocates for reform in graduate education haIe Ioiced the need for new types of 

programs since the mid-1aaNs. Dn &/(0#8')*%"0/%12#7>#"/%57>;#"'-)%-$%!;'/)"'("(%#)7%

5)*')//2(K the 3ational Academies’ Committee on ScienceK )ngineeringK and =ublic 

=olicy found that more than half of new =h.2.s in the sciences and engineering were 

pursuing careers outside of academia. That study recommended thatK in addition to 

proIiding a solid grounding in scienceK doctoral programs should incorporate into their 

curricula opportunities for graduate students to obtain important skillsifor eSampleK 

communication skillsithat would enhance their work in nonacademic settings.1[  

SeIeral subsequent efforts to reenIision or reform doctoral education haIe also urged that 

programs include opportunities for acquiring a broad range of skills.1O   

The 3SR also took action to help spur this innoIation in graduate education by 

establishing the DntegratiIe ?raduate )ducation and Jesearch Traineeship TD?)JTU 

program in 1aac. The goal of the D?)JT program is to catalyVe a culture change in 

graduate education to equip U.S. science and engineering graduate students to address the 

challenges of the 21st century by engaging in research that crosses disciplinaryK 

departmentalK or eIen institutional boundaries and proIides student trainees with deep 

knowledge in a field while learning the skills needed to work as part of an 

interdisciplinary team. Two years laterK the 3SR created the ?raduate Teaching Rellows 

in K-12 )ducation program T?K-12U program to link the K-12 sciences and mathematics 

community to the research communities and proIide funding to graduate students in 

3SR-supported ST). disciplines so that they may acquireK through interactions with 

teachers and students in K-12 schoolsK additional skills that will broadly prepare them for 

professional and scientific careers. 7oth D?)JT and ?K-12 eSpand the skills and 

capabilities of the traditional =h.2. recipient.  TSee 7oS 1.2.U

                                                 
1[ The 3ational AcademiesK &/(0#8')*%"0/%12#7>#"/%57>;#"'-)%-$%!;'/)"'("(%#)7%5)*')//2( T:ashingtonK 
2CE 3ational Academy =ressK 1aaOU. 
1O Carnegie DnitiatiIe on the 2octorate httpE]]www.carnegiefoundation.org]programs]indeS.aspgkeyt2a. 
Je-enIisioning the =h.2. httpE]]www.grad.washington.edu]enIision]resources]studies.html. :oodrow 
:ilson 3ational Rellowship RoundationE The JesponsiIe =h.2. 
httpE]]www.woodrow.org]responsiIephd] Taccessed `anuary 2XK 2NNXU. 
. 
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Since 1aac the 3SR has supported a training program called the DntegratiIe ?raduate )ducation 
and Jesearch Traineeship TD?)JTU Twww.nsf.goI]crssprgm]igert]intro.GspU whose goal is to 
equip U.S. science and engineering graduate students with in-depth knowledge in a disciplinary 
field while learning the skills needed to work as part of an interdisciplinary team. Their training 
inIolIes courses and other actiIities that will proIide them with a working knowledge of scienceK 
businessK technicalK socialK ethicalK and policy issues. They haIe the opportunity to pursue their 
research with internships in industryK goIernment labsK foreign institutionsK or other academic 
sites where they can engage in collaboratiIe actiIities. Awards are made on a competitiIe basis to 
institutions that propose an interdisciplinary research proGect inIolIing a diIerse group of faculty 
members and students crossing disciplinaryK departmentalK or eIen institutional boundaries. The 
awards are made as fiIe-year grants to academic institutions. The proGect must include strategies 
for recruitmentK mentoringK and retention of members of groups underrepresented in science and 
engineering. 
Another 3SR programK ?raduate Teaching Rellows in K-12 )ducation T?K-12U 
Twww.nsfgk12.orgUK proIides funding to graduate students in scienceK technologyK engineering and 
mathematics TST).U disciplines to acquire additional skills that will broadly prepare them for 
professional and scientific careers in the 21st century.  3SR deIeloped the ?K-12 program in 
recognition that ST). graduate studentsK in addition to being competent researchersK must be able 
to communicate science and research to a Iariety of audiences.  As the ?K-12 Rellows bring their 
research and practice into the K-12 classroomK they gain skills in eSplaining science to people of all 
ages. 7y working in K-12 formal and informal learning enIironmentsK the Rellows not only 
stimulate interest in science and engineering among students and teachersK but also apply 
interdisciplinary thinking and demonstrate the close connection between education and research.  
Since its inception in 1aaaK the ?K-12 =rogram has funded oIer 2NN proGects in more than 1[N 
different uniIersities throughout the United States and =uerto Jico. 
 

 There haIe been important eSperiments in master’s education in the natural 

sciencesieSperiments that laid the groundwork for such action as the congressional 

authoriVation of a =S. program through the America CB.=)T)S Act. Bur surIey of 

the role of the master’s degree across disciplines within science and without shows a lack 

of clarity as to the meaning of the degree and the skills]knowledge]capability it denotes to 

the recipient. This mystifies students and employers alike and represents a lost 

opportunityE for science-educated baccalaureates to continue along a science pathwayY for 

the nationK which requires highly-educated and skilled innoIators.  Dt is to master’s 

educationK including such eSperiments as the =S.K that we turn in the neSt chapter. The 

=S. represents an antidote to the lost opportunityY one that reflects both employer needs 

Tthe demand sideU and uniIersity fleSibility and creatiIely Tas a supplier of trained talentU. 
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Students increasingly find master’s education a Ialuable pursuit. As measured by 

the number of degrees awardedK education at the master’s leIel is growing faster than 

other sectors of postsecondary education in the United States. 9igher education 

institutions awarded 2QNKONa master’s degrees in 1acNm1ac1. 7y 2NN[m2NNOK they 

awarded Oc[KZ1XK an increase of almost 1ON percent. As shown in Table 2.1K this rate of 

growth was more than double that for bachelor’s degrees and research doctorates during 

the same time period. Since 1aXNK the rate of growth in master’s degrees awarded has 

also been significantly higher than for professional degrees in lawK medicineK and 

dentistry.1Z 

The professional disciplines of education and business dominate the master’s 

degree programs in the United States.  Together they grant O[ percent of all master’s 

degrees. As shown in Table 2.2 Tand AppendiS 9K Table 9.1UK these fieldsialong with 

health sciencesK engineeringK public administration and social serIices professionsK 

psychologyK and computer and information sciencesicomprise XN percent of all master’s 

degrees awarded in 2NN[m2NNO. :ith the eSception of educationK these fields are also 

among the fastest growing at this leIel. Bther fields with higher than aIerage growthK as 

shown in Rigure 2.1K include physical education]eSercise scienceK criminal Gustice] 

security and protectiIe serIicesK legal research and studiesK and a catchall fieldK  

 

                                                 
1Z httpE]]nces.ed.goI]programs]coe]2NNc]sectionO]table.aspgtableD2tc[1 Taccessed Bctober 21K 2NNcU. 
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+9Q:3.OKP. &91G3:65>8I.<98=35>8.94?.F61=659:.F3H5338.)6473553?.94?.!35134=.

)G94H3.,C35.+2A3I.03:31=3?./3958I.P[\M]\P.=6.OMM^]L.

/395. &91G3:65>8 <98=35>8 F61=659=38
1acNmc1 XQaKcQN 2QNKONa Q2K1Nc
1acOmcZ a2OKc[Z Q11Kcc1 Q[KNZ[
1aXNmX1 aQOK1[N 2aOKcQa Q2KaOX
1aXOmXZ aXcKX2Q 2XXKOZc QQKZOQ
1aaNma1 1KNa[KOQX QQcK1ZX QaK2a[
1aaOmaZ 1K1Z[Kca2 [NZKQN1 [[KZO2
2NNNm1 1K2[[K1c1 [ZXK[cZ [[KaN[
2NN1m2 1K2a1KaNN [X2K11X [[K1ZN
2NN2mQ 1KQ[XKONQ O12KZ[O [ZKN2[
2NNQm[ 1KQaaKO[2 OOXKa[N [XKQcX
2NN[mO 1K[QaK2Z[ Oc[KZ1X O2KZQ1
=ercent ChangeK 
1acNmc1 to 2NN[mO c1s 1[as Z[s
=ercent ChangeK 
1aaOmaZ to 2NN[mO 2[s [1s 1Xs

SBUJC)E U.S. 2epartment of )ducationK 3ational Center for )ducation StatisticsK 9igher )ducation 
?eneral Dnformation SurIeyK “2egrees and Bther Rormal Awards ConferredK” surIeys 1acNmc1 through 
1aXOmXZ and 1aaNma1 through 2NN[mNOY and Dntegrated =ostsecondary )ducation 2ata SystemK 
“Completions SurIey” TCE a1maaUK Rall 2NNN through Rall 2NNO. TSee 2igest of )ducation StatisticsK 2NNZK 
Table 2OcK httpE]]nces.ed.goI]programs]digest]dNZ]tables]dtNZr2Oc.aspK accessed Bctober 22K 2NNc.U.
 
+9Q:3.OKO. <98=35>8.F3H5338.)6473553?I.QR.N23:?I.OMM^]L.
N23:?. -@AQ35. !35134=9H3.
)ducation 1ZcK[aN 2as 
7usinessK managementK marketingK and personal and 
culinary serIices 1[2KZ1c 2Os 
9ealth professions and related clinical sciences [ZKcNQ Xs 
)ngineering and engineering technologies  QOK1QQ Zs 
=ublic administration and social serIice professions 2aKOO2 Os 
=sychology 1XKXQN Qs 
Computer and information sciences and support serIices 1XK[1Z Qs 
7iological sciencesK physical sciencesK and mathematics 1XKQO[ Qs 
Social sciencesK psychologyK and history 1ZKaO2 Qs 
Bther XNKOc1 1[s 
Total Oc[KZ1X 1NNs 

SourceE U.S. 2epartment of )ducationK 3ational Center for )ducation StatisticsK 2NN[-NO Dntegrated 
=ostsecondary )ducation 2ata System TD=)2SUK Rall 2NNO. TSee 2igest of )ducation StatisticsK 2NNZK Table 
2OXK httpE]]nces.ed.goI]programs]digest]dNZ]tables]dtNZr2OX.aspK accessed Bctober 22K 2NNc.U 
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Agriculture

Visual/performing arts

Architecture

Area/ethnic studies
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Psychology

Public administration

Engineering

Communication

Legal rsearch

Multi/interdisciplinary

Criminal Justice/Security

Business 

Health sciences

Physical educ/exercise sciences

Computer/information sciences

2-1  
N2H@53.OKP. !35134=9H3.67.1G94H3.24.4@AQ35.67.A98=35>8.?3H5338.9J95?3?.QR.
?2812B:243I.P[\L]P[\_.=6.OMM^]OMML.
SourceE U.S. 2epartment of )ducationK 3ational Center for )ducation StatisticsK 2NN[-O Dntegrated 
=ostsecondary )ducation 2ata System TD=)2SUK Rall 2NNO. TSee 2igest of )ducation StatisticsK 2NNZK Table 
2OXK httpE]]nces.ed.goI]programs]digest]dNZ]tables]dtNZr2OX.aspK accessed Bctober 22K 2NNc.U 
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multidisciplinary and interdisciplinary studies.  :ith the eSception of computer scienceK 

the numbers of master’s degrees awarded in natural sciences fields are both small and 

slow growing.  .aster’s degrees awarded in the biological sciences grew 2c percent from 

1acO-1acZ to 2NN[-2NNO.  The number in the mathematics and the physical sciences grew 

Gust 1Z and O percent respectiIely during this QN year period. 

 Though career-oriented fields now dominate master’s degree programsK this has 

not always been the case. Dn `udith ?laVer-Jaymo’s wordsK “Throughout its long historyK 

the master’s degree has been Iariously characteriVed by graduate faculty and deans as an 

intermediate degreeK signifying its location following the baccalaureate and preceding the 

doctorateK as a qpredoctoral’ or qintermediate’ year of graduate school or stepping-stone 

to the doctorate.”1c  DndeedK graduate education that prepares students for the doctorate 

and professional education that prepares students for practice in law and medicine took 

diIergent paths in the first half of the 2Nth century. The award of a master’s degree in the 

conteSt of doctoral education signified either a “stepping-stone” en route to the doctorate 

or a “consolation priVe” for those who were not admitted to candidacy or who dropped 

out. =rofessional degreesK by contrastK serIed as credentials for practice. 

The surge in the number of master’s degrees awarded in the second half of the 

2Nth century was generated by increases in educationK businessK and other professionally 

oriented fields.  DndeedK one important thrust of change in the last seIeral decades has 

been toward the professionaliVation of master’s education. 1X 

SoK the master’s degree now means different things to different stakeholders and 

has a Iaried purpose across fields. To someK this has seemed a source of confusion or 

eIen chaos. To othersK this ability to mean different things to different people in Iaried 

settings is the key to its “silent success” as a degree1a and its ability to be responsiIe to 

the changing needs of both students and society. “Students pursue master’s degreesK” 

writes the Council of ?raduate SchoolsK “to prepare for further adIanced study or for 

entry into public school or community college teachingK to improIe and upgrade their 
                                                 
1c `udith ?laVer-JaymoK O2-$/(('-)#9'6')*%12#7>#"/%57>;#"'-)4%?0/%G#("/2J(%I/*2//%')%"0/%G#2P/"89#;/ 
TAS9) 9igher )ducation JeportK bol. Q1K 3o. [K 2NNOUK 1. 
1X As the award of so many master’s degrees in what areK for most recipientsK areas of professional practiceK 
`udith ?laVer-Jaymo suggests that for manyK professional and master’s education are re-conIerging. DbidK 
1Z. 
1a Clifton ConradK `ennifer ?rant 9aworthK and Susan 7olyard .illarK +%!'9/)"%!>;;/((4%G#("/2J(%
57>;#"'-) ')%"0/%Q)'"/7%!"#"/( T7altimoreE `ohns 9opkins UniIersity =ressK 1aaQU.  
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professional skillsK to change professional fieldsK and to eSplore their own personal 

intellectual deIelopment.”2N  

 .any factors haIe spurred this change in master’s education. =rimary factors 

haIe been the need for students to obtain sufficient knowledge in an area of practice and 

to acquire an awareness of professional standards in order to gain access to and 

recognition in a profession. =rofessional and master’s education in businessK public 

administrationK and public health deIeloped to meet these needs in response to the 

demands of the marketplace as institutions adapted to important changes in our societyK 

economyK or goIernment. TSee AppendiS R.U  The deIelopment of the master of business 

administration T.7AU is illustratiIe. Dn 1XX1K the :harton School at the UniIersity of 

=ennsylIania became the first institution to offer such a degreeK but the .7A degree did 

not immediately take off.  Bnly in the 2Nth century did it grow in popularity in response 

to employers’ need for staff who could apply scientific methods to management and labor 

as American industry matured.  Bnly after :orld :ar DDK did pressure from accreditors 

and foundations lead to graduate rather than undergraduate business schools. 7usiness 

school curricula haIe eIolIed oIer the last century with the deIelopment of new 

management approachesE quality control in the 1a2NsY operations research and 

cybernetics by the 1aONsY total quality management in the 1aXNsY and reengineering in the 

1aaNsiall further responses to industry change.21 

The deIelopment of professional education in public administration and public 

health has followed similar traGectoriesK and in these fields the master’s degree supplanted 

the bachelor’s as the credential for entry into the field. Dn other fieldsK the acquisition of a 

master’s degree is not necessarily the entry-leIel professional degreeK but it is often 

important for adIancement. Dn elementary and secondary educationK for eSampleK 

teachers are typically required to obtain additional education and professional 

deIelopmentK and their salary increases are often pegged to this continuing education and 

the award of a master’s degree. TSee 7oS 2.1.U 

                                                 
2N Council of ?raduate SchoolsK O2-$/(('-)#9%G#("/2J(%57>;#"'-)4%+%E1!%1>'7/%"-%5("#,9'(0')*%O2-*2#3( 
T:ashingtonK 2CY Council of ?raduate SchoolsK 2NNZUK iS. 
21 ?laVer-JaymoK O2-$/(('-)#9'6')*%12#7>#"/%57>;#"'-).  ConradK et al.K +%!'9/)"%!>;;/((. 
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.

&6Z.OKP.<98=35>8.#?@19=264.765.0123413.94?.<9=G3A9=218.+391G358.
 
The most frequently awarded master’s degrees in the United States are in educationK with nearly 
1cNKNNN in the 2NN[m2NNO academic year. Teachers’ salaries are generally strongly linked to 
degrees earned and courses takenK as well as time in serIice. )ducation master’s programs are 
therefore important factors in the teacher professional deIelopment enterprises that are ubiquitous 
in state and local elementary and secondary education systems. Dn her book O2-$/(('-)#9'6')*%
12#7>#"/%57>;#"'-)K22 `udith ?laVer-Jaymo assertsK “The master’s degree is a piIotal step 
toward professionaliVation of teaching.” Though that assertion is consistent with the position our 
committee has taken here with respect to non-research careers in the sciencesK the master’s degree 
in education does not fall within our charge. TAnother 3JC committeeK “The Committee on the 
Study of Teacher =reparation =rograms in the United StatesK” will issue a report addressing this 
issue within seIeral months of our committee’s report.U  3eIerthelessK we would suggest that 
attention be giIen to the deIelopment of professional science master’s degree programs designed 
specifically for science teachers. Wike other aspects of our Km12 educational systemsK education 
master’s programs haIe become the focus of increasing attention and concerns about their 
qualityK coherenceK and performance accountability. To help address the issue of teacher quality 
in science and mathematics educationK &'(')*%+,-./%"0/%1#"0/2')*%!"-23 recommends proIiding 
grants to research uniIersities to offerK oIer fiIe yearsK ONKNNN current middle and high school 
scienceK mathematicsK and technology teachers two-year part-time master’s degree programs that 
focus on rigorous science and mathematics content and pedagogy. The report offers as a model 
for the action the UniIersity of =ennsylIania Science Teacher Dnstitute. Dn addition to the natural 
science contentK we offer that such programs could also focus on eSploring the growing body of 
research-based knowledge of optimal pedagogical techniques in the teaching of science. 
 

 Dn engineeringK the bachelor’s degree has typically been the entry-leIel 

professional degree for most subfieldsK but there has been an almost continuous 1QN-year 

discussion regarding the body of knowledge necessary in order to become a 

“professional” engineer. 7ruce Seely describes this discussion as one that has been 

marked by maGor studies eIery 1N to 1O years led by a Iariety of stakeholders 

Tengineering facultyK practicing engineersias represented by the leading professional 

societiesiand leadership of maGor employers of engineersU. The discussions haIe been 

remarkably consistent in focusing on the content and length of the engineering curricula 

and the relationship of theory and practice.2Q 

                                                 
22 `udith ?laVer-JaymoK ibid.  
2Q 7ruce ). SeelyK “The other re-engineering of engineering educationK 1aNN-1aZOK” `ournal of )ngineering 
)ducationK `uly 1aaa. See httpE]]findarticles.com]p]articles]mirqaQXXZ]isr1aaaNc]airnXXZOXXa]pgr1 
Taccessed 2ecember 12K 2NNcU. 



Copyright © National Academy of Sciences. All rights reserved.

Science Professionals:  Master's Education for a Competitve World 
http://www.nap.edu/catalog/12064.html

!"#$!%&'()*+(,-.),!/.

2Q  

Bf significant interestK the American Society of CiIil )ngineers TASC)U has now 

determined that the traditional baccalaureate is insufficient preparation for professional 

ciIil engineering work. Twenty-first century technical requirementsK plus nontechnical 

requirementsK cannot be met in four years. ASC) therefore adIocates the “7accalaureate 

u QN”E a baccalaureate degree plus QN eStra creditsK which could be graduate school or 

distance education.2[   

)ngineering educators haIe resisted the trend of other professional fields to 

respond to the increasing knowledge and compleSity of those fields by adding to the 

education required to prepare for professional practice. 2iscussions of what the engineer 

of 2N2N should bring to the workplaceK howeIerK now presume both increased knowledge 

and skills in communicationK business or economicsK the social sciencesK cross-cultural 

studiesK and important technologies. Adding this knowledge to a strong engineering 

curriculum may mean that the first professional degree will need to be the master’s rather 

than the baccalaureate.2O 

 

"6:38.67.<98=35>8.#?@19=264.24.=G3.-9=@59:.01234138.

Conrad et al. created a useful typology for categoriVing the diIerse missions of 

master’s degree programs. Dn their schemeK master’s degrees may focus on career 

preparationK professional deIelopmentK community serIiceK or preparation for doctoral 

work. An alternatiIe typology suggests master’s degree programs can be categoriVed as 

classicalK appliedK professionalK or a hybrid. TSee 7oS 2.2.U 

Dn the natural sciencesithe physical sciencesK biological sciencesK geosciencesK 

mathematicsK and computer scienceimaster’s education is as Iaried in its purpose as it is 

in any broad field. As shown in Table 2.Q Tand AppendiS 9K Table 9.2UK the ratio of 

master’s degrees to doctorates awarded each year ranges from 2N.aE1 in computer science 

Tsimilar to ratios in health fields and some subfields of engineeringU to as low as 1.QE1 in 

the biological sciences and Gust 1E1 in chemistry. Dn fields like computer science and the 

                                                 
2[ )ngineering the Ruture of CiIil )ngineeringE Jeport of the Task Committee on the Rirst =rofessional 
2egree to the )SecutiIe CommitteeK 7oard of 2irectionK American Society of CiIil )ngineering 
httpE]]www.asce.org]pdf]fpd-eSecsumm.pdf Taccessed Bctober 2QK 2NNcU. 
2O 3ational Academy of )ngineeringK 5)*')//2%-$%CRCR4%S'('-)(%-$%5)*')//2')*%')%"0/%H/M%E/)">2: 
T:ashingtonK 2CE 3ational Academies =ressK 2NN[U and 57>;#"')*%"0/%5)*')//2%-$%CRCR4%+7#8"')* 
5)*')//2')*%57>;#"'-)%"-%"0/%H/M%E/)">2: T:ashingtonK 2CE 3ational Academies =ressK 2NNOU..
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geosciences Ta subfield of earthK atmosphericK and ocean sciencesUK students mainly 

pursue master’s degrees as an intentional degree in an applied field for use in professional 

practice. Dn natural sciences fields like the biological sciencesK physicsK and chemistryK by  

.
&6Z.OKO.+RB6:6H238.67.<98=35>8.F3H533.!56H59A8.

 
Dn their work on the master’s degreeK +%!'9/)"%!>;;/((K Clifton ConradK `ennifer ?rant 9aworthK 
and Susan 7olyard .illar suggest master’s programs could be categoriVed as followsE 
 

•! Career adIancement programsE  .aster’s programs that focus on proIiding the student 
with practical skills for well understood career opportunitiesK Typical of this sort of 
program would be one in education or business offered by a college or uniIersity for 
which master’s education is an institutional focus. 

 
•! Ancillary programsE  .aster’s programs that are defined largely in relation toK and are 

typically subordinate toK doctoral programs. The master’s program is frequently used as a 
screen for the doctoral program. The master’s degree is offered as either a stepping-stone 
to the =h.2. or as a consolation priVe for those who do not continue. These programs are 
most often found in institutions that focus on research and doctoral education. 

 
•! Apprenticeship programsE  These master’s programs often coeSist with doctoral programs 

and may eIen be found in research-intensiIe institutions. bery oftenK the faculty in 
certain fieldsK such as electrical engineeringK belieIe in a strong ethic of professional 
preparation at the master’s leIel and deIote themselIes to teaching at the master’s as well 
as at the doctoral leIel. 

 
•! Community-centered programsE  Some master’s programs are focused on creating for 

their participants not only an arena of intellectual engagement but also a strong sense of 
giIing to the communities in which they work. Conrad et al. proIide the eSample of a 
summer master’s program in )nglish that attracts many teachers from rural and urban 
areas. =articipants are engaged in the substance of the programK which they complete 
oIer four summersK and also use what they learn in the schools they return to. 

 
iAdapted from Clifton ConradK `ennifer ?rant 9aworthK and Susan 7olyard .illarK +%
!'9/)"%!>;;/((4%G#("/2J(%57>;#"'-)%')%"0/%Q)'"/7%!"#"/( T7altimoreE The `ohns 9opkins 
UniIersity =ressK 1aaQU. 

 
Dn O2-$/(('-)#9%G#("/2J(%57>;#"'-)K the Council of ?raduate Schools offers a similar typologyE 
 

•! Classical =rogramE  A classical program is either a stepping-stone to the =h.2. n or one 
with the characteristics of a classical programK whether or not described as a terminal 
master’s Toften found when the uniIersity does not haIe a =h.2. program in the fieldU. 

 
•! Applied =rogramE  An applied program focuses upon application of the fundamentals of 

the discipline to a specific area of practice Te.g.K aging studies programs within 
sociologyU. Such programs often require work entirely within or minimal work outside of 
the department. Some programs also may lead to a specificK focused career trackK but 
generally do not haIe a direct relationship to prospectiIe employersn. 
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•! =rofessional E  A professional master’s degree program often includes actiIities and 

relationships that cross the boundaries between departments and between the uniIersity 
and employers. An actiIe interaction with potential employers proIides opportunities for 
skills deIelopmentK eSperienceK and contacts that are closely aligned with marketplace 
demand. 

 
•! 9ybridE Dn additionK there are programs with characteristics of more than one of these 

three categoriesK so it is possible to haIe a classical]applied miS or an 
applied]professional miS. 

 
i)Scerpted from Council of ?raduate SchoolsK O2-$/(('-)#9%G#("/2J(%57>;#"'-)4%+%
E1!%1>'7/%"-%5("#,9'(0')*%O2-*2#3( T:ashingtonK 2CE Council of ?raduate SchoolsK 
2NNZUK [Qm[[..

.

.
+9Q:3.OK`. "9=26.67.<98=35>8.F3H5338.=6.F61=659=38.*J95?3?.QR.%K0K.(48=2=@=2648I.

QR.N23:?I.OMM^.

.
N23:?.

"9=26.67.<98=35>8.F3H5338.
=6.!GKFK8.

9ealth 21.c 
Computer Science 2N.a 
Social Sciences Z.c 
)ngineering O.a 
=sychology [.Z 
.athematics [.N 
Wife Sciences 
    Agricultural Science 
    7iological Sciences 

1.c 
[.N 
1.Q 

=hysical Sciences 
    )arth]Atmospheric]Bcean Sciences 
    =hysics 
   Chemistry 

1.2 
2.Q 
1.[ 
1.N 

SourceE 3ational Science RoundationK 2iIision of Science Jesources Statistics. 2NNZ. !;'/);/%#)7%
5)*')//2')*%I/*2//(4%DTUUVCRRW. ArlingtonK bAE `anuary 2NNc..
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.
contrastK the master’s degree is more likely to represent a stepping-stone or consolation 

priVe because doctorate-leIel scientists are highly sought for both academic and industry 

careers.  

 JelatiIely little data eSist that differentiate types of masters degreesE those 

intended master’s pursued for a Gob or careerK those that are a milestone en route to the 

=h.2.K or those awarded when a student leaIes a =h.2. program. Ror a national cohortK we 

can estimate a breakdown for the aKNNN graduate students in the biological sciences who 

entered in 1aacE QKcNN earned the master’s degree and no other degree Tsee Rigures 2.2 

and 2.QUY cNN earned a master’s degree and an adIanced degree other than the doctorate 

Tfor instanceK medicineK lawK businessUY 2K[NN earned a master’sK mainly as a stepping-

stone to the doctorateY and QKZNN earned only a doctorate. There are no national data 

sources that will allow us to tease out how many of those QKcNN who earned only a 

master’s degree intended to do so and how many had hoped to go on to a doctorate and 

receiIed the master’s as a consolation priVe. TSee AppendiS )U 

The UniIersity of UtahK howeIerK has compiled Gust such data for selected fields 

in the natural sciences and they are likely to be reasonably illustratiIe of eSperiences 

across graduate schools. As seen in Table 2.[K most master’s degrees awarded in geologyK 

mathematicsK and meteorology were terminalE preparation for a Gob. The same was true 

for the uniIersity’s =rofessional .aster’s of Science and Technology tracks. 7y contrastK 

most master’s degrees awarded in biology and chemistry were merely consolation priVes 

for those discontinuing doctoral studyK and there was a relatiIely low ratio of master’s 

degrees to doctorates awarded in those fields.  Rew =h.2. recipients in biology or 

chemistry receiIed a master’s degree en route. 2Z 

At a national leIelK we do know where those who earn master’s degrees in the 

biological sciencesiwhether that degree was the original intent of the graduate student 

or notiwill end up working. As shown in Table 2.OK QZ percent of those who earn 

master’s degrees will eIentually work in for-profit firms in industryY 2N percent will work 

in four-year colleges and uniIersitiesY 1c percent will work in goIernmentY and 1Q 

percent will work in either Km12 education or community colleges. DndeedK there are  
                                                 
2Z 2aIid ChapmanK 2ean of the ?raduate SchoolK UniIersity of UtahK presentation to the study committeeK 
`uly 1[K 2NNc  
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slightly more master’s-leIel biologists employed by for-profit firms than there are 

doctorates. Dn industryK master’s-educated biologists may work in research alongside 

=h.2.sK but they work more frequently in other areas. Bne source reports that within the 

biotechnology workforce as a whole Tnot Gust the research segment of itUK 1a percent haIe 

a =h.2.K 1c percent haIe a master’sK ON percent haIe a baccalaureateK and 1[ percent haIe 

a degree from a Iocational]community college.2c   

.aster’s-educated biologists in the biotechnology sector work in both research 

and non-research areas of firms and are presumably substitutable for .7AsK `2sK or 

=h.2.s in many instances. Science-educated professionals trained at the master’s leIel 

who can bring particular business skills along with their scientific knowledge to the 

workplace may eIen be superior to others for certain positionsiin what has been a 

=h.2.-intensiIe industry. :e would argueK thenK that master’s degree programs should be 

deIeloped to produce indiIiduals who haIe those skills. 

 

#A35H24H.-33?.765.!5673882649:.<98=35>8.24.=G3.-9=@59:.01234138.

The natural sciences haIe been “among the few academic areas that haIe 

persisted with the qtraditional’ model of the master’s degreeK” according to the Council of 

?raduate Schools.2X The fields of computer scienceK applied mathematicsK and the 

geosciencesifields sometimes classified as engineering rather than scienceiare the 

eSceptions to this generaliVation. Dn 2NNO the Commission on =rofessionals in Science 

and Technology TC=STU coordinated surIeys conducted by three scientific societies on 

master’s programs as a gateway to the workforce. 2ata from the American ?eological 

DnstituteK Society for Dndustrial and Applied .athematicsK and the Society for Dndustrial 

.icrobiology proIide a glimpse of the Iariations in master’s education in the sciences. Dt 

is robust in the geosciences Twith 122 departments and cNN-plus graduates in 2NN[U 

compared to microbiology]biotechnology and applied mathematics Twith about ON 

programs]departments in eachK but barely double digits in graduatesU. Applied math was 

seenK as primarily business]industry orientedK typically not requiring a thesis but 

encouraging an off-campus internship. Student quality and employment placements were 

                                                 
2c 2ahms T2NNQUK cited in  `udith ?laVer-JaymoK O2-$/(('-)#9'6')*%12#7>#"/%57>;#"'-)K O[. 
2X C?SK O2-$/(('-)#9%!;'/);/%G#("/2J(%57>;#"'-)K [. 
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seen as key issues in applied mathematics and the workforce-oriented geosciences. 

Dnteraction with students and research productiIity dominate faculty concerns in 

microbiology]biotechnology where the master’s degree is usually a steppingstone to the 

doctorate.2a 

C?S also notesK howeIerK that “recent shifts in the professional character of 

master’s education in general and the growth of a new type of professional master’s 

degree within the past decade signal an intent to better prepare graduates for entry-leIel 

professional careers to respond to employer and local]regional economic deIelopment 

needs.”QN  The driIers of change deserIe comment as they bear on how new professional-

focused master’s degree programs are eIolIing.  

RirstK there are the demands of the marketplace for workers who can enter with 

key workplace skillsK including the ability toE 

•! communicate in writingY 

•! make presentationsY 

•! contribute as a member of an often interdisciplinary teamY 

•! manage proGects effectiIelyY  

•! understand and work toward organiVational goals Tfor eSampleK profitsK missionsUY  

•! understand legalK regulatoryK and international dimensions of science-based workY 

•! understand the commercialiVation process and how to translate knowledge into 

product or process innoIationY and 

•! understand and apply ethical considerations. 

SecondK eIolIing science and technology enables or creates fields and lead to new 

opportunities within industry. As noted in Chapter 1K discoIeries in physics led to 

adIances in data storage that in turn haIe made such new fields as business intelligence 

possible. SimilarlyK the growth in computing power has made possible such fields as 

bioinformaticsK computational financeK and computational linguistics. The application of 

science to criminal inIestigation has spawned a reIolution in forensic science. These 

                                                 
2a Commission on =rofessional in Science and Technology. Science .aster’s )ducation SurIeysK 
httpE]]www.sciencemasters.org]SurIeys.cfm. 
QN C?SK O2-$/(('-)#9%!;'/);/%G#("/2J(%57>;#"'-)K [K X. 
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fields require new talentK that isK personnel with adIanced science education and practical 

workplace skills. 

RurtherK scientific adIances that led to the growth of the biotechnology industry 

now present opportunities for master’s-educated professionals who can contribute eIen 

more to the industry as it matures and requires indiIiduals who haIe management and 

leadership skills. SimilarlyK in the information technology industryK the need to proIide 

computer serIices to clients in a systemic way has generated the need for indiIiduals who 

haIe deep knowledge of computing but also the kinds of skills noted aboIe. Dt has indeed 

led to a new fieldE serIice scienceK managementK and engineering TSS.)U. 

The situation in biotechnology and pharmaceuticals sheds more light.  The 

number of doctorate holders in the biological sciences who work in industryi 

particularly the research-intensiIe biotechnology industryihas been growing at a faster 

rate than the number working in academia.  Df the trend continuesK the field will soon look 

like chemistryE the maGority of =h.2.s work in industry.  7ut the biotechnology industry 

is maturing andK consequentlyK its workforce is changing with employment growth in 

such positions as proGect managerK laboratory managerK clinical trial monitorK and 

regulatory affairs specialist that can be filled by graduates of professional science 

master’s programs.  DndeedK increased innoIation results not only from scientific 

discoIeryK but also from the work of firms to commercialiVe these discoIeries.  The 

pharmaceutical industry is a striking eSample of this.  Dn this post-genomic era where 

new discoIeries in human biology are being announced at a regular rateK the drug 

deIelopment pipeline has not kept up with the pace.  The lack of innoIation is not due to 

a lack of scientific talent but rather to a lack of scientific talent that knows the 

commercialiVation process.  This is where =S. programs and K?D’s .7S program can 

haIe a true impact.  They can educate indiIiduals to not only understand the science but 

also understand how to commercialiVe it.” 

 Today many students who might haIe useful and interesting careers in the 

sciences are not attracted to graduate school in these fields.  To many Tand to the 

undergraduate faculty who adIise themUK graduate education is equated with doctoral 

education and they haIe obserIed thatK in many fieldsK =h.2. programs are of 

indeterminate lengths and lead to either uncertain career outcomes or certain career 
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outcomes that are not attractiIe.  .aster’s education may be more appropriateK cost-

effectiIe and attractiIe for these students.  A professional master’s program thatK unlike 

the traditional masters or the =h.2.K is geared to the workplace proIides clarity as to 

curriculum contentK time to degree Tgenerally two yearsUK and what one will be able to do 

upon graduating. 

 2irectors of master’s programs in the sciences that are geared to the workplace 

argue that the students they are attracting are not typically the same ones who would haIe 

been attracted to doctoral education. A few graduates from these programs do go on to 

earn =h.2.sK but most chose master’s programs to adIance their careers in industryK 

goIernmentK or nonprofit organiVations. RurtherK their demographic profile differs from 

that of doctoral students. Ror eSampleK Q1 of [c TZZ percentU students in the applied 

genetics professional science master’s degree program at the UniIersity of Connecticut 

are women. This is representatiIe of a national pattern of serIing underrepresented 

groups. Bf approSimately QK[NN students enrolled in professional science master’s degree 

programs in the fall of 2NNOK about ON percent were womenK XN percent were U.S. 

citiVensK and a percent were from underrepresented minority groupsiall percentages 

higher than for graduate enrollment in the natural sciences oIerall.Q1   

 As Carol Wynch of C?S noted in her presentation to the study committeeK these 

programs are attractiIe to students who want to work in nonacademic sectorsK 

interdisciplinary careersK team-oriented enIironmentsK managerial or other professional 

leIel positionsK or emerging areas of science and scientific discoIery. They appeal to 

students who are seeking career adIancementK are looking to gain a competitiIe edgeK or 

are reentering the workforce in order to refine professional and technical skills.Q2 

 

-3J.!5673882649:.!56H59A8;.<&0.94?.!0<.

:hile the baccalaureate was the entry-leIel degree for many professional 

positions in industry and goIernment in the decades after :orld :ar DDK many employers 

now recogniVe the Ialue of staff who haIe adIanced trainingK often at the master’s leIelK 

                                                 
Q1 Winda StrasbaughK UniIersity of ConnecticutK presentation to the study committeeK `uly 1[K 2NNc. Carol 
WynchK Council of ?raduate SchoolsK “=rofessional Science .aster’s 2egreesE 7ackground and BIerIiewK” 
presentation to the study committeeK .arch 2XK 2NNc. 
Q2 WynchK ibid. 
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that responds to changing competitiIe needs. ConsequentlyK there is a need for fleSibility 

in graduate education to address employer requirements and workforce needs.  

Sheila TobiasK 2aryl ChubinK and KeIin AylesworthK in &/"0')P')*%!;'/);/%#(%#%

E#2//2K postulated that master’s programs could produce graduates who proIide the same 

leIel of “eSpertise and leadership” as professionals do in other fields. They would do so 

by haIing the ability “to use the products of scholarship in their work and by being 

familiar with qthe practical aspects of emerging problem areas.’”QQ  Dn an increasingly 

compleS economyK professionals who can bring adIancedK often interdisciplinaryK 

application-oriented scientific knowledge to their position can readily contribute to the 

obGectiIesK programsK and proGects of employers in industryK goIernmentK and the 

nonprofit sector.  

=hilanthropy has played a recent and important role in facilitating the 

deIelopment of professional master’s programs in the natural sciences as it had earlier in 

the deIelopment of professional education in the United States in such areas as businessK 

public healthK and medicine. TSee AppendiS RU. Dn 1aacK the :illiam .. Keck 

Roundation proIided initial funding of wON million to launch the Keck ?raduate Dnstitute 

of Applied Wife Sciences TK?DU as an independent college within the Claremont Colleges 

Consortium. K?D played a pioneering role in master’s education by deIeloping a two-

year program in applied life sciences that culminates in the professional master of 

bioscience T.7SU degree. TSee 7oS 2.Q.U  The Alfred =. Sloan Roundation has been 

especially instrumental in promoting broadly the deIelopment of master’s programs that 

produce science-educated professionals. The foundation has proIided seed money to 

establish more than 12N “=rofessional Science .aster’s” T=S.U programs in ON 

institutions across 2N states. TSee 7oS 2.[.U 

 =rofessional science master’s programs prepare graduates for work in science 

outside of academiaK which leads to a wider Iariety of career options than traditional 

                                                 
QQ Sheila TobiasK 2aryl ChubinK and KeIin AylesworthK &/"0')P')*%!;'/);/%#(%#%E#2//24%O/2;/8"'-)(%#)7%
&/#9'"'/(%')%"0/%O0:(';#9%!;'/);/( TJesearch CorporationUK a2..
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graduate programs proIide.Q[  The .7S and =S. haIe been deIeloped with seIeral 

coreK defining features in mindY namelyK that professional master’s education can proIideE 

                                                 
Q[ The detail in this section draws from WynchK ibidY Sheila Tobias and Windy 7righamK “Jeport on =S. 
=rogramsE 2istillation of 2NNO huestionnairesK” unpublished report to the Alfred =. Sloan RoundationK 
.arch Q1K 2NNZY and C?SK O2-$/(('-)#9%G#("/2J(%57>;#"'-). 
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&6Z.OK`.U31V.T59?@9=3.(48=2=@=3.67.*BB:23?.01234138.
 
The Keck ?raduate Dnstitute of Applied Wife Sciences Treferred to simply as K?DU was founded in 
1aac to address the needs of both biology-focused students and the life sciences industries. The 
:illiam. .. Keck Roundation proIided an initial funding of wON million Tcurrent use and 
endowmentU to establish K?D. An additional w2N million grant from Keck and wQN million from 
other sources has been inIested subsequently. K?D is a member of the Claremont Colleges 
ConsortiumK in ClaremontK California.  
 
DnitiallyK K?D’s sole degree was the two-year master of bioscience T.7SU. The Rully )mployed 
.aster of 7ioscience =rogram was added this year for full-time employees. This three-year 
program is deliIered Iia distance learning and eIening classes. The .7S curriculum consists of 
about cN percent science]engineering and QN percent management]ethicsK with a strong emphasis 
on teamwork and problem solIing. A summer internship is required as well as an industry-
sponsored team proGect in the second year.  
 
K?D’s founding presidentK 9enry JiggsK was formerly the president of 9arIey .udd CollegeK 
also a Claremont Colleges Consortium member. 9is Iision for K?D grew from the following 
obserIations and assumptionsE 
 

•! The 21st century would be dominated by the life sciencesK Gust as the 2Nth century had 
been dominated by the physical sciences. 

•! )ngineering education is rooted in the physical sciencesK giIing short shrift to the 
biological sciences. 

•! Wife-science-based companies are underserIed by the engineering education community. 
•! .any positions in life-science-based companies do not require the scientific research 

depth that is characteristic of the =h.2. degree. 
•! =h.2. programs are inefficient for students Tand employersU seeking bioscience 

professional and managerial careers outside the basic research function. 
•! A proGect-basedK team-oriented curriculum with a strong management component and 

close ties to industry was needed. 
•! The innoIatiIe curriculum and structure required would be difficult to deIelop within an 

eSistingK conserIatiIe higher education institutionK particularly a research uniIersity.  
ThereforeK a new and free-standing school was needed. 

 
K?D enrolled its first students in 2NNN. The 2NN .7S graduates from its first siS classes are now 
employed in a Iariety of positions Ttypically not basic researchU in pharmaceuticalK 
biotechnologyK medical deIiceK and related companies. Bne employer aloneK AmgenK has hired 
about 2N percent of K?D’s graduates. The K?D 7oard of Trustees and AdIisory Council include 
representatiIes of industryK particularly in biotechnology. 
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The Alfred =. Sloan Roundation pioneered the deIelopment of professional science master’s 
programs designed to graduate students who would bring both adIanced scientific knowledge and 
practicalK professional skills to the workplace. The Sloan RoundationK from `anuary 1aac to 
September 2NNcK had approIed a total of w1c.O million in grants to promote the =S. and to 
establish =S. programsK of which w1O.a million has been paid to date. These funds include 
grants to institutionsK uniIersity systemsK the C?SK the Commission of =rofessionals in Science 
and TechnologyK science societiesK and other organiVations that promote the =S.. 
 
As a result of Sloan’s seed fundingK more than 12N program tracks in ON institutions across 2N 
states in the past decade. Sloan initially proIided w12OKNNN per institutional program track for 
start-ups in research uniIersities. WaterK as knowledge accumulated about how to launch a =S. 
trackK the amount per program dropped to waNKNNN to w1NNKNNN. This effort resulted in the 
establishment of about ZN program tracks at research institutions and was followed by a particular 
push to establish 12 single-track programs in bioinformatics. Dn a second-phase effort that began 
in 2NN2K Sloan proIided planning grants of wcKNNN to master’s-focused institutions for the 
deIelopment of program proposals. Dmplementation awards of w[NKNNN per track were proIided in 
response to successful applicationsK which resulted in about QN additional program tracks at 
master’s institutions. Dn a more recent phase beginning in 2NNOK Sloan has also proIided funding 
for system-wide =S. efforts such as one in the California State UniIersity system that will result 
in 1Z programs across 112 campuses. 
 
Key aspects of the =S. initiatiIe are listed below. 
 
•! =S. programs are concentrated in the biological sciencesK mathematicsK physical sciencesK 

and computer science. The institution identified the scientific focus of a program track. bery 
often programs are interdisciplinary in nature. 

•! About cN percent of coursework in a =S. curriculum typically focuses on science. =S. 
programs also include what is often referred to as a “plus” componentK which focuses on such 
workplace skills as communicationK proGect managementK interdisciplinary teamworkK ethicsK 
andK as appropriateK businessK legalK or computation. 

•! =rograms typically haIe eSternal adIisory boards. =rograms see industryK goIernment 
agenciesK and nonprofits as potential employers. =rograms are required to offer a summer 
internship for students. 

•! A new association of =S. directorsK the 3ational =S. AssociationK was formed in 2NNc. 
This association will also serIe as a clearinghouse of information about =S. programs. 

 
iSBUJC)SE Carol WynchK “=rofessional Science .aster’s 2egreesE 7ackground and BIerIiewK”  
presentation to the study committeeK .arch 2XK 2NNc. Sheila Tobias and Windy 7righamK “Jeport on 
=S. =rogramsE 2istillation of 2NNO huestionnairesK” unpublished report to the Alfred =. Sloan 
RoundationK .arch Q1K 2NNZ. Council of ?raduate SchoolsK O2-$/(('-)#9%G#("/2J(%57>;#"'-)4%+%E1!%
1>'7/%"-%5("#,9'(0')*%O2-*2#3( T:ashingtonK 2CE Council of ?raduate SchoolsK 2NNZU. 
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•! additional scientific knowledge beyond a four-year bachelor’s degreeY 

•! more interdisciplinary trainingK often in informaticsK computationK or engineeringK 

than a typical science degreeK which allows a student to bring releIant knowledge 

from a Iariety of fields to the workplaceY 

•! a focus on acquiring scientific and technical knowledge that can be applied in a 

Iariety of positions in businessK goIernmentK or nonprofits rather than acquiring 

research skills as proIided in a doctoral programY 

•! a perspectiIe on a business culture that Ialues applied reach and 

commercialiVation of scientific discoIeryY and 

•! Gob-releIant skills in teamworkK proGect managementK communicationK business 

administrationK statisticsK ethicsK and legal]regulatory issues. 

Sheila Tobias and Windy 7righam haIe notedK “Some programs are more 

interdisciplinary than othersK but all =S. tracksK without eSceptionK feature a 

quantitatiIe and]or analytic approach to their subGect.”QO  TSee 7oS 2.O for the Council of 

?raduate Schools’ ?uidelines for Rormal Jecognition as a =S. program.U 

 Careful attention must be paid to the way courses and curricula are deIeloped.  A 

successful curriculum requires more than adding “practical professional skills” onto a 

science base.  An effectiIe curriculum is a balance of knowledgeK skill sets and Ialues.  

Success in this endeaIor requires that the culture and Ialues of the profession be 

conIeyed within the curriculum.  Dn the K?D curriculumK for eSampleK the student must 

be committed to the Ialue of translating scientific discoIery to a commercial product.  

These Ialues run counter to some academic Ialues.  To properly instill such a Ialue 

system requires a business saIIy facultyK curricular integrationK and a strong eSternal 

industry inIolIement. 

 .oreoIerK for the =S. degree to be successful it must be a truly integrated 

educational eSperience.  To continue with the K?D eSampleK the .7S program started 

with a set of basic graduate science courses supplemented with .7A leIel management 

courses.  The success of this curriculum was not in the miS of courses but in the 

subsequent eIolution of an integrated approach.  K?D has three general types of coursesE   
                                                 
QO Dbid. 
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The =rofessional Science .aster’s T=S.U degree is a unique professional degree grounded in 
science and]or mathematics and designed to prepare students for a Iariety of career options in 
businessK goIernmentK or non-profit organiVations.  The degree combines adIanced coursework in 
science and]or math with an appropriate array of professional skill-deIelopment actiIities to 
produce graduates highly Ialued by employers and fully prepared to progress toward leadership 
roles.  The =S. is designed to be self-contained and is not a traditional master’s degree earned /)%
2->"/ to or from a =h.2. degree. 
 
The following criteria are intended to proIide guidance to faculty and institutions planning new 
=S. programsK or to assist leaders of eSisting programs who feel their programs meet the criteria 
to be recogniVed as a =S. or who wish to modify their programs in order to be recogniVed as a 
=S..  The following characteristics are deemed important for a master’s program to qualify for 
=S. status. 
 

•! Total credits equiIalent to a standard master’s degree TapproSimately 2 yearsK full-time 
equiIalentK including proGects and internshipsU. 

•! A maGority of program course work in graduate-leIel science and]or mathematics courses 
in one or more disciplines.  An interdisciplinary curriculum is highly desirable. 

•! =rogram quality assurance should be proIided using the faculty-based mechanisms 
normally used by the institution for graduate programs in order to ensure institutional 
integration and sustainability.  Dt is understood that the professional nature of the program 
may lead to substantial participation by non-academic practicing professionalsK for 
eSample as adGunct faculty course instructors or student internship mentors. 

•! The professional skills component Toften called the “plus” component of a “science-plus 
degree”U may consist of a Iariety of releIant courses and actiIities deIeloped in 
consultation with prospectiIe employers.  )Samples include business basicsK legal and 
regulatory issuesK finance and marketingK communication and teamworkK and are often 
deIeloped in collaboration with appropriate academic units outside the sciences or taught 
by adGunct faculty from the targeted employment sector.  Dn addition to courses and 
workshopsK professional skills are usually enhanced by internships and problem-based 
proGects sponsored by employers.  The professional component should result in a 
portfolio of eSperiences recogniVed by and inIolIing the client employers. 

•! An actiIe and engaged client adIisory board.  )Samples of board and]or indiIidual-
member functions include proIiding adIice on the program curriculumK assisting with 
internships and placementK assisting with proGect-identificationK and]or interacting 
indiIidually with students. 

•! A commitment to attempt to track the career traGectory of eIery graduate in order to help 
assess program outcomes and success. 

•! Agreement to use the name “=rofessional Science .aster’s” and the =S. logo on 
:ebsites and adIertising brochures.  Dn turn the program will be listed on C?S national 
=S. websites and data basesK and will be included in C?S =S. promotional actiIities. 

 
SourceE Council of ?raduate Schools. 
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graduate scienceK .7A business and “bridging” courses in such areas as pharmaceutical 

deIelopmentK clinical trial design and biostatistics.  The integration means that topics like 

proGect management are taught in one of the science coursesK the .7A business courses 

eSclusiIely use case studies from the bioscience industryK and the “bridging courses” 

serIe as the curricular glue allowing students to see science and business together in 

practice.   

To proIide another eSample of curriculum deIelopmentK the =S. programs at the 

?eorgia Dnstitute of Technology haIe eIolIed into “niche science” programsE those that 

meet a Iery specific scientific industrial need by combining specific scientific skills in an 

interdisciplinary area.  Students with a background in one scientific area are able to blend 

this eSpertise with knowledge and eSperience in another field.  )Samples at ?eorgia Tech 

includeE 

1.! E@A94$)6AB@=35.(4=3591=264;  A program designed to prepare graduates to 

work with software and hardware deIelopers and web-based companies.  This 

program draws undergraduates who maGored in psychologyK computingK and 

computational media. 

2.! &2624765A9=218;.This program prepares students for work in biotechnology 

companies and pharmaceutical companies.  Dt draws students from biologyK 

biochemistryK mathematicsK and computing. 

Q.! )6AB@=9=2649:.N249413E  ?raduates moIe on to work with banksK insurance 

companies and other financial institutions.  Dt draws students from mathematicsK 

system engineeringK business and management. 

[.! !568=G3=218e,5=G6=218E This program prepares graduates to work in clinical 

prosthetics and with prosthetics]orthotics deIelopers.  Students are typically 

drawn from maGors in applied physiologyK biomedical engineeringK or electrical 

engineeringU 

These ?eorgia Tech programs proIide interdisciplinary training that meets demonstrated 

industrial need and is attractiIe to students.  They are not “science plus” programs in the 

sense of including separate courses to focus on professional skillsK but proIide skill 

deIelopment through the scientific training itself. 

 DndiIidual =S. programs are deIeloped with particular employers and careers in 
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mind and with the adIice of employers as partners. K?D draws adIice from an adIisory 

committee composed of industry leadersK primarily from the biosciences industry. =S. 

programsK meanwhileK typically haIe eSternal adIisory boards composed of local or 

regional employers.  Curricula are deIeloped based on analysis of demand for graduatesK 

deriIed from information collected from potential employers.  )mployers also assist by 

mentoring =S. studentsK proIiding tuition remission for employeesK proIiding student 

internshipsK and hiring graduates.  

 ThusK each program is deIeloped according to the needs of local employers. A 

2NNO surIey of the Xa =S. programs then eSistingK showed them distributed among 

fields as followsE 

•! 7iosciences]biotechnologyE 2N programs 

•! .athematics TfinancialK industrialK appliedK statisticsUE 1X programs 

•! 7ioinformaticsE 12 programs 

•! Chemistry or physicsE 11 programs 

•! ?eological or enIironmental sciencesE 1N programs 

•! 9ealth-related fieldsE O programs 

•! Computer scienceE [ programs 

•! RorensicsE 2 programs 

•! Bther fieldsE Z programs 

“Some oprogramsp are more focused than othersK” Tobias and 7righam haIe foundK 

“requiring a standard science or mathematics core. Bthers allow for multiple areas of 

concentration within a single =S.K such that no two students will follow the same 

program.”QZ  K?D had an enrollment of cN students in 2NNO. Bther programs had 

enrollments that ranged from 2 to cc. 

 AppendiS ? proIides a side-by-side comparison of program features for the Keck 

.7S programK the Sloan =S. initiatiIeK and the =S. proIisions of Section cNQ[ of the 

America CB.=)T)S Act. The commonalities between K?D and =S. haIe been noted 

aboIeE there are seIeral core defining features they haIe in common.  Dt is important to 

noteK howeIerK the difference in institutional modelsE K?D represented the creation of a 

new institution of higher educationK while the =S. model focuses on establishing 
                                                 
QZ Dbid. 
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program tracks at eSisting institutions.  ConsequentlyK the two efforts haIe different 

financial approachesE K?D was founded with a large endowment that will continue to 

support the institutionK while the =S. programs were indiIidually proIided funding to 

coIer initial start-up costs that would eIentually lead to self-sustaining programs. 

 

*8838824H.#AB:6R35.-33?8.

 Dt is always difficult to proGect workforce demand in an accurate quantitatiIe 

fashion.Qc Dt is eIen more difficult to proGect such demand when the “product” is still in 

deIelopment and many potential customers may not eIen be aware of its eSistence. 

:hile we cannot predict the oIerall leIel of demand for =S. programsK thoughK we can 

proIide some conclusions about the tenor and direction of it.  

At a Iery general leIelK data appear to indicate an increase in demand for 

master’s-educated scientists and engineers. Ror eSampleK data from the 3SRK as shown in 

Rigure 2.[K reIeal that median salaries of master’s degree recipients one to fiIe years after 

the degree was conferred tend to be higher than those of doctorates. .ore importantlyK as 

shown in Rigure 2.OK salaries of master’s degree holders in science and engineering haIe 

grown faster oIer the last ten years than salaries of baccalaureate or doctorate holders.  

At a more specific leIelK testimony to the committee reIealedE 

•! ?raduates of the mathematics-focused =S.s Tfinancial mathematicsK industrial 

mathematicsK etc.U are attractiIe to banksK insurance companiesK and financial and 

data-analysis operations of large businesses and industrial firms where they can 

contribute in actuarial and analyst positions.  They bring higher-leIel 

mathematicsK informaticsK and]or analytical skills than .7As do.  =S. alumni 

are now workingK for eSampleK analyVing inIestment opportunities for companies 

such as =utnam or Ienture firms focused on the biotechnology sector.. 

•! The number of business intelligence or analytics staff who apply mathematical 

modelingK data analysisK and computer simulation to solIe business problems is 

growing in many large business and industrial companies. This work is seen as a 

Ialuable source of corporate competitiIeness. ?rowth in business intelligence 
                                                 
Qc =roGections of scientists and engineers haIe gone awry on preIious occasions. See 3ational Jesearch 
CouncilK Rorecasting 2emand and Supply of 2octoral Scientists and )ngineers T:ashingtonK 2CE 3ational 
Academy =ressK 2NNNU. 
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2-4
N2H@53.OK^. <3?294.89:95238.67.?3H533.5312B234=8.643.=6.72C3.R3958.97=35.?3H533I.QR.
723:?.94?.:3C3:.67.G2HG38=.?3H533I.OMM`K.
SBUJC) E 3ational Science RoundationK diIision of Science Jesources StatisticsK 
3ational SurIey of College ?raduatesK preliminary estimates T2NNQU. 
3oteE 3on Sd) fields include the S)STAT categories of “non-Sd)” and “Sd)-related.” 
 

2-5  
N2H@53.OKL. (47:9=264$9?f@8=3?.1G94H3.24.A3?294.89:95R.643.=6.72C3.R3958.97=35.
?3H533I.QR.723:?.67.G2HG38=.?3H533I.P[[`]OMM`.
SBUJC) E 3ational Science RoundationK 2iIision of Science Jesources StatisticsK 
3ational SurIey of College ?raduates T1aaQU and preliminary estimates T2NNQU. 
3oteE 3on Sd) fields include the S)STAT categories of “non-Sd)” and “Sd)-related.” 
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staffsK indicating that groups who perform these actiIities are eScellent 

contributorsK is likely to continue for some time and to percolate to more 

companies. ?raduates of the mathematical =S.s are well qualified both for 

starting positions and career adIancement in these workgroups. TSee 7oS 2.Z.U 

•! The biotechnology industry has grown and matured. :hile some =h.2.s haIe 

founded and managed companies and others fill eSecutiIe positionsK most =h.2.s 

in the biotechnology industry work in research and research management.  The 

industry also has a growing need for people who can fill positions in program 

managementK salesK and other corporate areas 

•! D7.K a corporation that transformed itself from a firm that focused on hardware to 

one increasingly dedicated to proIiding serIicesK has initiated the creation of a 

new fieldinamelyK serIice scienceK managementK and engineering. .uch like 

=S. programsK programs in this field emphasiVe the education of “T-shaped” 

employees who haIe depth in science and also breadth in terms of business and 

customer skills. TSee 7oS 2.c.U 

•! The U.S 2epartment of 2efense has documented its need to hire an increasing 

number of science- and technology-saIIy U.S. citiVens with management skills 

for positions in technologyK acquisitionsK and logistics.QX  :e belieIe that U.S 

intelligence and homeland security agencies haIe a similar increasing demand for 

employees with these characteristics.  These agencies are poised to become 

potentially large consumers of graduates from =S. programs.   

•! Bther federal or state agencies could also become substantial consumers.  The 

=atent and Trademark Bffice of the 2epartment of Commerce is already hiring 

=S. graduates into eSaminer positions.  BthersK such as the 2epartment of 

)nergy or the Rood and 2rug Administration could hire into similar positions as 

well. 

                                                 
QX 2r. Jonald .. SegaK 2irector of 2efense Jesearch and )ngineeringK Testimony to U.S. Senate Armed 
SerIices CommitteeK Subcommittee on )merging Threats and CapabilitiesK .arch aK 2NNO.  2r. :illiam 
7erryK Acting 2eputy Under Secretary of 2efenseK =resentation on “=rofessional Science .asters =rogramE 
2B2 3eedsK” to =S. 7iennial ConferenceK :ashingtonK 2.C.K Bctober ZK 2NNO.  2r. :illiam S. JeesK `r.K 
2eputy Under Secretary of 2efenseK =resentation on “2B2 ST). )ducationE ScienceK .athematics and 
Jesearch for Transformation TS.AJTUK A 2efense Scholarship]Rellowship =rogramK” to 3ational Science 
7oardK September 2XK 2NNZ. 
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7usiness intelligence is the application of systems thinkingK data miningK pattern recognitionK 
mathematical modelingK statisticsK computingK and simulation to solIe challenging business 
problems. This young disciplineK also called business analytics or systems analyticsK began in the 
mid-1aaNs when powerful desktop computersK computer-network communications serIicesK 
massiIe data storage optionsK and adIanced data mining and data IisualiVation software tools all 
became aIailable. 
 
.any large companies haIe created business intelligence work groups. 2ow Chemical CompanyK 
Rord .otor CompanyK ?eneral .otorsK and =roctor d ?amble are leading manufacturers with 
successful pioneering business intelligence efforts. This approach has proIen effectiIe in many 
aspects of these corporationsE strategic planningK systems engineeringK marketingK sales and order 
fulfillmentK risk analysisK purchasingK warranty managementK technology and capabilities analysisK 
supply chain managementK etc. These areas greatly eSpand traditional mathematical efforts in 
computer-aided engineering. The banking and insurance industries successfully apply business 
intelligence to inIestment portfolio and credit risk analysis. :al-.art is a leading user among 
retailers of business intelligence. The health serIices deliIery sector has begun to apply this 
approach to its Iast and compleS data. 
 
7usiness intelligence proGects typically inIolIe the integration of data from internal and eSternal 
sources. 2ata types include numericK teStK geographic and image data. 7iotechnology analytics 
has genomic data at its center. 2ata Iolumes are often so large that manual analysis is impossible. 
“Artificial intelligence” methods enable researchers to cluster data and eSplore for patterns. 
Specialists in business intelligence create mathematical models and simulations to represent 
problemsK study business alternatiIes and scenariosK and generate forecasts. Successful proGects 
proIide management with insights and better decision-making toolsK based on current data. These 
increase management awareness of business performance and dynamics and clarify competitiIe 
pressures and growth opportunities.  
 
The new efforts in business intelligence are a significant contribution to American 
competitiIeness in the global economy. .asters-educated graduates with appropriate preparation 
are ready to contribute to this growing field and are likely to become its staffing backbone. The 
approSimately 2N mathematics-centered professional science master’s degree programs aIailable 
today in such fields as industrial mathematicsK financial mathematicsK bioinformaticsK and 
mathematical entrepreneurship are outstanding training grounds for a career in business 
intelligenceK as the employment opportunities afforded to their graduates testify. 
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The world economy is eSperiencing the largest labor force migration in history. 2riIen by an 
enIironment that includes global communicationsK business growthK and technology innoIationK 
serIices now account for more than ON percent of the labor force in 7raVilK JussiaK `apanK and 
?ermanyK as well as cO percent of the labor force in the United States and the United Kingdom. 
 
This unparalleled segment growth is changing the way companies organiVe themselIesK creating a 
ripple effect in industries and uniIersities that are closely tied to these organiVations. Ror instanceK 
historicallyK most scientific research has been geared to supporting and assisting manufacturingK 
which was once a dominant force in the world economy. 3ow that economies are shiftingK 
industrial and academic research facilities need to apply more scientific rigor to the practices of 
serIicesK such as finding better ways to use mathematical optimiVation to increase productiIity 
and efficiency on demand.  
 
This shift to focusing on serIices has created a skills gapK especially in the area of high-Ialue 
serIicesK which requires people who are knowledgeable about business and information 
technology as well as the human factors that go into a successful serIices operation. .any 
leading uniIersities haIe begun eSploring and inIesting in this areaK working in tandem with 
thought leaders in the business world.  
 
Dn .ay 2NN[K this group suggested that an entirely new academic discipline may be called fori 
first roughly described as “serIices science” at a (>33'" held at D7.. Subsequent meetings haIe 
caused the discipline to eIolIe into the more appropriate serIice scienceK managementK and 
engineering TSS.)U title now used.  
 
SerIice designK deIelopmentK marketingK and deliIery all require methodologies and techniques to 
make serIice businesses more efficient and scalable. 7oth depth and breadth are needed in 
technologyK businessK and organiVational studiesK eIen at the undergraduate leIel. SS.) hopes to 
proIide that depth and breadth by bringing together ongoing work in computer scienceK 
operations researchK industrial engineeringK business strategyK management sciencesK social and 
cognitiIe sciencesK and legal sciences to deIelop the skills required in a serIices-led economy.  
 
The goal of the SS.) discipline is to make productiIityK qualityK sustainabilityK and learning and 
innoIation rates more predictable across the serIice sector.  
 

iAdapted from “SerIice ScienceK .anagement and )ngineeringK” D7. Dncorporated 
    httpE]]www.research.ibm.com]ssme] and  
    httpE]]www-QN[.ibm.com]GctNaNN2c]uniIersity]scholars]skills]ssme]indeS.html 
    Taccessed Bctober 2NK 2NNcU. 
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Dn generalK eSperience with many eSisting =S. programsK the K?D .7S programK and 

D7.’s serIice scienceK engineeringK and management programs shows that graduates are 

well prepared to contribute in technically challenging positions in business and 

goIernment.  Dn the for-profit sectorK =S. graduates may contribute in specific waysK 

such as program managementK in large companies.  Ror relatiIely smaller companiesK 

they may be particularly Ialuable since there is often a need for one indiIidual to assume 

seIeral different responsibilities.  This kind of fleSibility and entrepreneurial spirit is 

characteristic of the students attracted to the =S. type degree. 

 Through the fall of 2NNOK there were 1KQNN graduates of =S. programs from siS 

cohorts. :hile a small numberiin light of the more than 1XKNNN master’s degrees  

awarded in the natural sciences Tbiological sciencesK physical sciencesK and mathematicsU 

in the 2NNQ-[ academic yearithe number has been growing each year. The biological 

sciences and applied mathematics fields are leading the way. DndeedK K?D is increasing 

its enrollments.Qa  The Dnstitute’s graduates typically receiIe multiple offers.  As shown 

in Table 2.ZK about half haIe accepted offers by the time of graduation and nearly all who 

seek employment haIe lined up a position within siS months of receiIing their degrees.  

There are fewer =S. programs in the geological sciences and computer sciencesK but 

most master’s programs in these fields are already focused on preparing graduates for the 

workplace.  There has been less growth in =S. programs in chemistry and physicsK 

though that may change if goIernment agencies in the militaryK homeland security and 

intelligence that require technical staff see =S. graduates as a resource. 

 2ata presented to the committee suggest that demand for these graduates is 

strong. Dn 2NNQK starting salaries for new hires with any master’s degree in the biological 

sciences was w[NKNNNK the physical sciences w[aKNNNK and mathematics and statistics 

wO[KNNN. =S. graduates in these fieldsK on the other handK had starting salaries of 

w[OKNNN to wOOKNNN in nonprofits and goIernmentK and wOOKNNN to wZ2KNNN in priIate 

industry.[N As shown in Table 2.ZK .7S graduates from K?D haIe had relatiIely higher 

starting salariesK with a range of wOOKNNN to wcOKNNN for the class of 2NNc. 

 

                                                 
Qa 7eryl Wieff 7enderlyK “.astering the `ob .arketK” !;'/);/K .arch cK 2NNX. 
[N WynchK Dbid. 
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+9Q:3.OK_. #AB:6RA34=.94?.09:95238.765.<&0.T59?@9=38I.U31V.T59?@9=3.
(48=2=@=3.67.*BB:23?.'273.01234138I.OMMP]OMMO.=6.OMM_]OMM\.
!! "#!$%&$'! "#!$'&$(! "#!$(&$)! "#!$)&$*! "#!$*&$+! "#!$+&$,!
Employment 2002 2003 2004 2005 2006 2007 
-../01/2!344/56!76!34!8572971:3;! *)< '=< '>< )%< (><! *%<
-../01/2!344/56!+!?3;1@6!391! !! !! !! !! =)<! !!
A@36/!157B/CD4951@/5!/29.71:3;E! ;D7! ;D7! '$< )F*$< >F,$<! %%F$$<
G3F!34!.3;B/51/2!:;1/5;6@:06! ;D7! % * ) *! =
H1751:;8!67C75I!57;8/E! ;D7! J()K>*L J(,K=$L J*,K>+L J(+K>$L! J**K,*L
H7C75I!7B/578/! ;D7! J**L! J*>L! J,'F%L! J+,F'L! J+$F+L!
M317C!;3F!34!6192/;16!! '= '= () '' (%! (+
g.-6=38.765.):988.67.OMM\E As of `uly 2QK XQ percent were employedK 1cs were actiIely inIolIed 
in Gob searchesK and 1Z percent  were not seeking employment. Bf the Z not seeking employmentK 
2 students are entering =h.2. programs and [ are traIeling. .ean salary for the 2O employed 
graduates is wZ1K2NN. 
SourceE Keck ?raduate Dnstitute of Applied Wife Sciences 
 

Dn addition to data showing both increased demand for master’s-educated 

scientists and more specific demand building for a professional science master’sK there 

has been a growing appreciation among national organiVations for professional science 

master’s programs. Dn Gust the last few yearsK the =resident’s Council of AdIisors on 

Science and TechnologyK the 3ational Science 7oardK the 3ational ?oIernors 

AssociationK the Council on CompetitiIenessK the U.S. Chamber of CommerceK a group 

of 1O prominent business organiVationsK the Association of American UniIersitiesK and 

the Council of ?raduate Schools haIe all recommended a national effort to deIelop and 

eSpand the number of professional science master’s degree programs in the nation.  

These reports represent the collectiIe Ioice of goIernmentK industryK and higher 

educationK and in each case the recommendation to establish and increase the number of 

=S. programs was seen as a key part of a package designed to address U.S. 

competitiIeness and innoIation. To cap it allK this past summer Congress authoriVed the 

3SR to deIelop a program of grants to four-year institutions to create or eSpand =S. 

programs. This was enacted in Section cNQ[ of the America CB.=)T)S ActK which was 

signed into law by the president. TSee AppendiS DU   

 

F3C3:6B24H.!0<.!56H59A8.

The opportunity for master’s-educated professionals in the sciences to contribute 

to our national economy is clear. 7ut how fleSible are U.S. uniIersities willing to be in 
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responding to changing workforce needsg  The C?S has produced a guide[1 for 

establishing professional master’s programs that proIides adIice onE 

•! N3982Q2:2=R.B:94424HE ?arnering faculty supportK securing the support of 

uniIersity administratorsK addressing cultural challengesK determining 

local]regional workforce needsK and establishing an eSternal adIisory board 

•! F3C3:6B24H.9.B56H59AE CurriculumK business]financial planK and program 

approIals 

•! 0=95=$@B.94?.6B359=2648E Appointing a program director]coordinatorK staffingK 

adIertisingK recruitingK handling applications]admissionsK adIisingK and proIiding 

student serIices 

•! *8838824H.=G3.B56H59AE =erformanceK student satisfaction and outcomesK and 

employer satisfaction 

•! 0@8=9249Q2:2=RE =rogram fleSibilityK financial IiabilityK and institutional support 

 

The C?S guideK along with the results of successful =S. models across fieldsK proIides 

enough practical guidance for any institution to launch a professional master’s program. 

DnitiallyK as Tobias and 7righam haIe reportedK it took programs “a 3')'3>3 of two 

years to plan a =S.K gain appropriate administratiIe approIalK recruitK and actually enroll 

students.”  3owK howeIerK they note that this “time has been reducedK partly because 

there are =S. models to learn fromK and an outreach network from which to draw 

strength and adIice.”[2.

The track record for =S. programs begun with Sloan seed money has been Iery 

good so far. Bne way to assess their progress is to discuss “those few instances where 

=S. programs haIe been discontinued.”  Tobias and 7righam writeE “Some number of 

=S. tracks neIer made it to launch though their sister tracks on the same campus did. Dn 

almost eIery such instanceK the faculty member who was most enthusiastic left or was 

promoted to a position where he]she could not manage the program.”[Q  They found that 

the factors compelling discontinuation of program tracksifewer than 1N nationwidei

were typically eSternal to the program as most had reasonable success at recruiting and 
                                                 
[1 C?SK O2-$/(('-)#9%G#("/2J(%57>;#"'-)X 
[2 Tobias and 7righamK Dbid. 
[Q Dbid. 
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placing studentsE TiU the uniIersity decided to downplay or discontinue #99%its master’s 

programsK TiiU a =S. program was hiGacked by another department wishing to capture Tor 

recaptureU master’s students in the fieldK or TiiiU senior administrators change and the new 

cohort decides to reIerse or simply to underfund programs started by the preIious 

administration. [[ 

“JemarkablyK” Tobias and 7righam concludeK “almost no programs were 

canceled after outside TSloanU funding ran out.”  This sustainability is a key pointE these 

programs fill an important need and become self-sustaining in the long run. Ror many of 

these programsK the long run was at least fiIe yearsE the initial grant period was for three 

yearsK but with no-cost grant eStensions almost all programs at research uniIersities spent 

their initial funding oIer a period of fiIe years.[O 

 Rour areas require additional attention before any =S. program can be called 

institutionaliVedE faculty inIolIementK communication with employersK student financial 

supportK and program deliIery. 

RirstK there remains the need to proIide incentiIes to faculty to deIelop and 

market master’s leIel programs. .any faculty members in the natural sciences continue 

to Iiew master’s degrees as incidental and unimportant elements of graduate programs 

focused primarily on preparing doctoral students. Bthers more enthusiastically embrace 

professional master’s programs. Somewhere in between these two eStremes are the Iiews 

of most faculty who are busyifocused on researchK distracted by many uniIersity 

demandsK or indifferent to master’s education.  They may not haIe the time or capacity to 

mentor master’s students.  DncentiIes are needed to attract these faculty to deIelop 

master’s programs. Rinancial incentiIes are one possibility. Another incentiIe is the 

opportunity to interact with industryK learn their needsK and find new and interesting 

aIenues of research and consulting. There is also an important role for scientific societies 

to play in promoting professional science master’s programsK sharing information about 

programsK and encouraging and rewarding faculty in these endeaIors. TSee 7oS 2.X.U 

                                                 
[[ Dbid. 
[O Dbid. 
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7eyond the issue of incentiIes is the importance of matching faculty to courses.  

Core courses may be taught by eSisting faculty.  Some of the most innoIatiIe and 

effectiIe and often interdisciplinary curricular elements probably are not within the  

eSpertise of the faculty or of a faculty member teaching alone.  The K?D solution to this 

problem has been to hire faculty with both industrial and academic eSperience.  This 

option will not be open to most institutions and will present a real challenge.  These 

institutions may bring in outside eSperts to teach the “plus courses” or the “plus 

components” of core courses in the curriculum.  They may also engage in proIiding 

additional training to faculty across =S. programs at an institution. 

Bne important component of building sustainable =S. programs and an 

appropriate and dedicated faculty is the appointment of a coordinator or director of the 

program.  Unlike undergraduate programs that are mostly run Tin terms of recruiting and 

marketingU by admissions officesK and =h.2. programs that are mostly adIisor-driIenK 

=S. programs need a dedicated indiIidual.  Successful institutions haIe arranged this in 

different waysisometimes as staff person and sometimes as a faculty]staff positionibut 

this position is typically critical to success. 
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There are seIeral Iarieties of scientific societiesE multidisciplinary TAmerican Association for the 
AdIancement of ScienceY Sigma xiiThe Scientific Jesearch SocietyUK disciplinary TRederation 
of American Societies for )Sperimental 7iologyUK and targeted to a particular underrepresented 
group TAssociation for :omen in ScienceY American Dndian Science and )ngineering SocietyU. 
:hateIer the typeK these societies are Ioluntary organiVations that reinforce professional identityK 
proIide forums for face-to-face interactionK and represent a special kind of “club” for those who 
elect to Goin.  
 
.any scientific disciplinary communities and their principal professional associations are 
wrestling now with their role in adIancing education.  ?iIen the dominance of doctoral education 
in the sciences it is not surprising that these associations tend to reward behaIior that Ialidates 
contributions and status associated with that degreeiprimarily adIancing knowledge through 
research and publication. Ror someK howeIerK there is now at least some philosophical discussion 
of the place of education broadly construed in their mission. And for othersK societies haIe moIed 
further aheadK making this an important transition periodK both generally and potentially for 
master’s education. 
 
=rofessional societies play a Iital role in the liIes of scientists. They bridge the world of 
education to the world of work by proIiding membersiboth indiIiduals and organiVationsiwith 
access and support. These societies serIe as adIocatesK watchdogsK certification agentsK 
clearinghousesK and recruitment and placement serIices. They monitor the match between skills 
and opportunitiesK supply and demandK the marketable and the actual market.  
 
Df scientific societies are integral to learning “what matters” to eScel professionallyK then their 
role in master’s education will only grow through the 21st century. To accomplish this they may 
deIelop an oIerall strategy for addressing educationK including master’s education and the =S.K 
in their fields.  To specifically further the =S.. they could create society-wide committees on 
master’s educationK dedicate conference sessions and presentations to master’s education and 
=S. programsK recogniVe faculty who haIe lead successful =S. programsK and serIe as a field-
specific clearinghouse of information on =S.s. 
 
.ore broadlyK the Commission on =rofessionals in Science and Technology TC=STU manages a 
clearinghouse on the latest data and information about master’s education in scienceK 
mathematicsK and engineering. Dt includes a database ThttpE]]sciencemasters.org]U of more than 
2KNNN programs from oIer QNN institutions as well as articlesK tablesK and data pertaining to 
science master’s education and the master’s workforce.  
 
 
 
 
 
 
.
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SecondK programs and institutions need to work continuously to deIelop and 

enhance communication with employers. At presentK some eSternal adIisory boards “are 

Iery actiIe and inIolIedK” report Tobias and 7righam. BthersK howeIerK meet only once 

a year or are “nominalK” which means “adIisers signed on but aren’t doing any work.”  

Communication between higher education and industry works bestK and the program 

deIeloped will best suit industry’s needs when there is a working and interactiIe 

relationship between a master’s program and industry.[Z 

Dndustry adIisors and representatiIes can help deIelop and interact with master’s 

programs in many ways. 

•! They can participate in industry adIisory councils that help oIersee a program 

and proIide a network for both input from and outreach to potential employers. 

•! They can proIide adIice on curriculum deIelopment. 

•! They can proIide mentorsK adGunct facultyK internshipsK financial support to 

programs and studentsK and employment for graduates. 

•! They can fund students’ proGectsiK?D’s .7S curriculum includes a business-

sponsored team proGect for which businesses proIide the proGect definition and 

wONKNNN per proGect in support. 

7ut eIen with all of this interactionK programs must market themselIes aggressiIely. 

)ach program should haIe a :eb site that proIides such information as program goalsK 

career opportunities for graduatesK the curriculumK and members of the industry adIisor 

council. JepresentatiIes of the program should also regularly speak about it at Iarious 

local and regional gatherings of industry representatiIes. 

7eyond thisK howeIerK there is an eIen broader need for marketing. The master’s 

degree is eIolIing into an important professional degree in a growing array of ST).-

based professions in a high-tech globally competitiIe world. That fact is not well 

understood by employers who aim to hire people Gust as they always haIeK but the 

benefits of employer inIolIement in =S. programs are substantial.  )mployers who 

serIe on adIisory boardsK for eSampleK haIe access to a pool of well-trainedK highly-

qualified .aster’s leIel professionals for future hires.  .oreoIerK they often get to haIe 
                                                 
[Z Dbid. 
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an “eStended interIiew” with them prior to making an offer through internships and 

employer-sponsored proGects and they haIe the opportunity to help shape their education 

and training through curriculum deIelopment.   

A study by the California Council on Science and Technology for the California 

State UniIersity system proIided four recommendationsK each of which targeted the need 

to improIe communication between industry and institutes of higher education.[c.

1.! The =S. program must establish credibility in order to be accepted on a 

widespread basisE “2espite recent publicity in a Iariety of articlesnmany oin 

industryp had neIer heard of the =S.K and those who had did not haIe a clear 

perception of what the degree entailed.” 

2.! Dn order to succeedK the =S. must be targeted to industries where it is best suitedE 

employers most likely to support the =S. were large companies with 

multidisciplinary interestsK companies with an interdisciplinary focusK and 

goIernment agencies. Additional “missionary work” is needed to establish the 

credibility of professional master’s degrees in the biotechnology industry. 

Q.! Dndustry and uniIersities need to deIelop better working relationshipsE many 

connections are on a personal basis. 7eyond collaboration through adIisory 

boardsK programs]institutions should inIite people from industry to regularly serIe 

as guest speakersK and program heads should attend and speak at industry 

association meetings. 

[.! Statewide partnerships should be eSplored. The deIelopment of statewide 

networks or a high-leIel adIisory board for the chancellor’s office of the 

California State UniIersity system was seen as a way to facilitate placement of 

interns and graduates and to continue to publiciVe the =S. degree. 

7y addressing these recommendationsK information and perception gaps can be bridgedK 

further contributing to program eSpansion.  

ThirdK there is a need to address the question of what isiand how to proIidei

adequate student financial support.  BriginallyK the Sloan Roundation anticipated thatK 

being 82-$/(('-)#9K =S. students would fund their master’s educations with the 

                                                 
[c  California Council on Science and TechnologyK A)7>("2:%O/2(8/;"'./%-$%"0/%O2-$/(('-)#9%!;'/);/%
G#("/2J(%I/*2//%')%E#9'$-2)'#4%O2/8#2/7%$-2%"0/%E#9'$-2)'#%!"#"/%Q)'./2('":%!:("/3K `anuary 2NNO 
httpE]]www.ccst.us]publications]2NNO]2NNO=S..php  Taccessed Bctober Q1K 2NNcU. 
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eSpectation that their future earning would make their inIestments in themselIes and 

their careers worthwhile in the long-run. Tobias and 7righam report that “student support 

is probably the factor limiting eSpansion oof programspK especially as =h2 programs in 

mathematics and the physical sciences become more aggressiIe in their recruitment 

efforts.”[X  The Keck ?raduate DnstituteK by contrastK assumed some student support was 

critical.  Dnitially K?D proIided students with 1NN percent support during their first year 

of study.  They planned for first-year support for students to decline to an aIerage of ON 

percent oIer the neSt seIeral years which K?D successfully accomplishedK but some 

student support remains..

As noted earlierK students attracted to =S. programs typically differ from other 

graduate students. They include more women andK in generalK tend to be older. Ror the 

most partK they are students who would not haIe gone back to graduate school in a 

program other than a =S.K which proIides opportunities for a change in career or 

adIancement within a current career. Additional student financial support will proIide 

incentiIes to indiIidualsiparticularly underrepresented minorities and those from 

disadIantaged backgroundsito pursue =S. degrees. As a resultK programs will be able 

to eSpand enrollment and produce more science-trained professionals who will contribute 

to our economy. 

 RourthK additional thought should be giIen to the deliIery of =S. programs and 

courses. K?D has Gust now established a program for students who are working full time. 

The program takes three years instead of two because the students participate in the 

program on a part-time basis. .oreoIerK to address the needs of students who are already 

busy professionalsK K?D is formulating plans to deliIer the courses online orK if campus 

basedK in the eIenings or weekends. =rofessional science master’s programs could 

potentially make greater use of online course deliIery. Dnstitutions like the UniIersity of 

.aryland UniIersity College haIe pioneered the deIelopment of a successful model of 

distance education that is now technology driIen and deliIers course content to students 

                                                 
[X Tobias and 7righamK Dbid. 
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globally.[a  This model could possibly be adapted for certain courses or programs for 

professional science master’s degrees as well. 

 

                                                 
[a Susan AldridgeK =residentK UniIersity of .aryland UniIersity CollegeK presentation to the study 
committeeK `uly 1ZK 2NNc. 
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Dn the course of our nation’s historyK our leadership has made bold moIes to equip 

our people with the skills and knowledge needed for the future.  These moIesK reflecting 

the needs of their timesK haIe been critical to the social and economic deIelopment of our 

nation.  The .orrill Wand ?rant Act of 1XZ2 proIided states with the resources to 

establish and grow postsecondary educational institutions whose mission would include 

the deIelopment of agriculture and engineering and increasing access to higher 

education.  A second .orrill ActK passed in 1XaNK required states to show that either race 

was not a factor in admission to state uniIersities or they had established institutions of 

higher education that would serIe the states’ African-American population.  This resulted 

in new institutions that are now among the nation’s historically black colleges and 

uniIersities.   

SimilarlyK the SerIiceman’s JeadGustment Act of 1a[[icommonly known as the 

?D 7illiproIided a range of benefits for :orld :ar DD Tand later Korean :arU Ieterans 

after they returned from warK including payment of tuition for Iocational or college 

education.  This benefit dramatically altered educational opportunities for AmericansK 

with substantial social benefits for those who used this as a stepping-stone to the middle 

class and with huge gains to the American economyK which benefited from a growing 

number of educated workers. 
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Dn addition to these landmark deIelopmentsK the federal role continued to grow in 

key ways.  )nacted by the U.S. Congress in 1aOX in response to the launch of Sputnik 

and the emerging threat posed by the SoIiet UnionK the 3ational 2efense )ducation Act 

T32)AU proIided support for education in critical areas of national need.  32)A 

proIided funding to enhance research facilitiesY fellowships for thousands of graduate 

students pursuing degrees in scienceK mathematicsK engineeringK and foreign languagesY 

and low-interest loans to undergraduates in these fields.  Runding for 32)A TadGusted to 

2NNX U.S. dollarsU was about wONNmZNN million.  7y the 1acNsK other federal programs 

had largely superseded 32)AK but those proIided an important further eSpansion of 

federal support for undergraduate education through student loansK taS policyK and 

grants.ON 

There is growing consensus that we are again at one of those moments when we 

need bold action.  Technology has driIen American growth and proIides opportunities 

for the future.  The competition for talentK both domestically and globallyK is challenging 

U.S. technological leadershipK and the nation needs to act.  Talent is one of the important 

keys to innoIation and competitiIe success.  The master’s-trained segment of the science 

workforce is piIotalE strengthened master’s education in the natural sciences will prepare 

professionals who bring scientific knowledge and also the ability to anticipateK adaptK 

learnK and lead where and when needed. 

The traditional science master’s degree does not meet this need.  A reinIigorated 

master’s degree in the natural sciences proIides an opportunity to meet this challenge by 

training adaptiIe innoIators and serIice scientists solidly based in scienceK linked to 

industryK and possessing communicationK businessK and teamwork skills.  The enhanced 

master’s programs recommended in the following section will proIide students with 

connections to real-world problems.  The graduates will be entrepreneurialK eSperienced 

in teamworkK and focused on problem solIing.  The programs will produce graduates 

who haIe a deep knowledge of scienceK the ability to work at the intersection of science 

fieldsK and practical business skills that will allow them to make a contribution in the 

workplace from day one. 

                                                 
ON See 7oS c-2. The 3ational 2efense )ducation Act. 3ASK 3A)K and DB.K &'(')*%+,-./%"0/%1#"0/2')*%
!"-23K 1Za. 
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The time is now right to accelerate and spread nationally the deIelopment of this 

new conceptithat isK professional science masterfs education that is interdisciplinary in 

characterK strongly emphasiVes effectiIe communication and problem solIingK and 

proIides an understanding of entrepreneurial skills and technical innoIation.  Successful 

programs that haIe responded to this challenge haIe engaged collaboratiIely a broad set 

of stakeholdersiemployersK prospectiIe studentsK facultyK goIernment agencies and 

other fundersiin designing curriculaK defining education proGects and internshipsK and 

adIocating this new educational opportunity.   

These programs do not displace traditional master’s programs.  JatherK faculty 

deIelop them to serIe the needs of students who require a different graduate eSperience 

for the workplaceE banksK insurance and financial companiesK and large firms who hire 

graduates of =S. programs in financial and industrial mathematicsY a maturing 

biotechnology industry with a growing need for middle managers who haIe both 

scientific knowledge and broader business skillsY serIices corporations like D7. that 

require employees with depth in science and breadth in business and customer skillsY and 

goIernment employers Tparticularly in the militaryK intelligenceK and homeland security 

agenciesU that haIe an increasing need for science- and technology-saIIy staffK 

particularly those with an interdisciplinary background.   

 

N(-F(-T0.

 After eStensiIe information gathering and deliberationK we recommend concerted 

action to accelerate the deIelopment nationally of professional science masterfs 

education. This recommendation is based on the following findingsE 

 

1. Dn the natural sciencesK the master’s degree is as Iaried in its purpose as it is in any 

broad field.  .aster’s degrees in fields such as physicsK chemistryK the biological 

sciencesK and mathematics haIe typically signified either a “stepping stone” en route to 

the doctorate or a “consolation priVe” for those who were not admitted to candidacy or 

dropped out.  .aster’s degrees in computer science and the geosciencesK by contrastK 

haIe typically prepared graduates for the workplace.  Dn the early part of the twentieth 

centuryK professional and graduate education took diIergent paths and physicsK chemistryK 
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and biology are eSemplars of classical graduate education.  =rofessional degreesK by 

contrastK serIed as credentials for practice.  2uring the last fifty yearsK tremendous 

growth in master’s degrees awarded in fields such as education and business 

administrationK howeIerK has indicated the professionaliVation of master’s education.  

This trend that has recently touched natural sciences such as the biological sciences and 

mathematics where traditional master’s programs continueias they shouldialongside 

the recent deIelopment of professional science master’s programs.   

 

2. 9igher education institutions are responding to the increased need for professionals 

who bring both scientific knowledge and professional skills to the workplace by 

deIeloping professional science master’s programs in the natural sciences that proIideE 

•! AdIanced education in the sciencesY 

•! Bpportunities for more interdisciplinary trainingK often in informaticsK 

computationK or engineeringK than a typical science degreeY 

•! 9ands-on eSperiential learning through internships and team proGectsY 

•! =rofessional skills and eSperience in communicationK teamworkK proGect 

managementK business administrationK innoIation and commercialiVationK legal 

and regulatory issuesK ethicsK and]or the international enIironmentY and 

•! Strong links with employers in industryK goIernmentK and nonprofits through 

eSternal adIisory boardsK curriculum deIelopmentK internships]co-opsK mentoringK 

sponsored team proGectsK and employment. 

)Samples of =S. programs that were presented to the committee showed that 

professional master’s education in the sciences can proIide tailoredK cost-effectiIeK and 

attractiIe education and training to meet student and employer needs.   

 

Q. =rofessional master’s programs can and do attract students who want to work in 

nonacademic sectorsK interdisciplinary careersK team-oriented enIironmentsK managerial 

or other professional leIel positionsK or emerging areas of science and scientific 

discoIery.  They appeal to students who typically do not pursue doctoral educationK but 

seek career adIancementK look to gain a competitiIe edgeK or want to refine professional 

and technical skills in order to reenter the workforce. 
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[. Salary and placement data for =S. and .7S graduates indicates strong and growing 

current demand for master’s leIel science professionals.  Testimony to the committee 

proIided specific eSamples of the demand for these graduates from biotechnology 

companiesK banks and financial corporationsK information technology firmsK and 

goIernment agencies.  There isK moreoIerK broad support for eSpanding =S. educationK 

Ioiced by the =resident’s Council of AdIisors on Science and TechnologyK the 3ational 

Science 7oardK the 3ational ?oIernors AssociationK the Council on CompetitiIenessK the 

U.S. Chamber of CommerceK the Association of American UniIersitiesK and the Council 

of ?raduate Schools.  :e cannotK of courseK precisely proGect future demand as many 

factors influence labor markets at any particular point in time.  Bur eSperience as 

employers and educatorsK howeIerK leads us to belieIe that the current strong demand 

will continue to grow in the long run and that the nation will benefit from the 

deIelopment of a cadre of science-educated professionals.  The graduates of =S. and 

.7S programs will become process managersK serIice scientistsK inIestment analystsK 

patent eSaminersK SdT acquisition managersK forensic scientistsK or other types of 

professional scientists.  Rrom among theseK in the Gudgment of this committeeK some 

number will also emerge as leadersK eSecutiIesK and in industryK goIernmentK and non-

profit organiVations.   

 

O. Bur reIiew of the eIolution of professional programs in other fields reIealed the 

important role of foundations in shaping both the content and growth of programs in 

medicineK businessK public healthK and other areas.  Roundation supportifrom the 

:illiam .. Keck Roundation and the Alfred =. Sloan Roundationihas been critical as 

well in the deIelopment of professional master’s programs in the sciences.  Dn the 

committee’s GudgmentK future funding and support for professional master’s programs 

should be a responsibility shared by the federal goIernmentK state goIernmentsK 

philanthropic organiVationsK employersK and higher education institutions. 
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Dn August 2NNcK Congress passed the America CB.=)T)S ActK which authoriVes 

the 3SR to deIelop and implement a program of grants to higher education institutions 

that may use them to deIelop or eSpand professional science master’s degree programs.  

:e see this as a step along the road toward growing a large cadre of science-trained 

professionals in the United States who will address our nation’s workforce needsK and by 

eStension our competitiIenessK healthK and security.  let stakeholdersinotably the 

federal goIernmentK state goIernmentsK philanthropic institutionsK national associationsK 

higher education institutionsK employersK and studentsimust undertake additional steps 

in order to secure the long run success of our nation’s efforts to address this important 

workforce need. 

 

N3?359:.T6C354A34=.

.
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B56H59A.Q3H24424H.24.72819:.R395.OMM[.94?.9=.94.9BB56B529=3.:3C3:K..(7.=G28.B56H59A.

                                                 
O1 The maGor federal science agencies are those that haIe the largest shares of federal research and 
deIelopment spending and together comprise more than aNs of such spending.  These includeK in addition 
to the 3ational Science RoundationK the 2epartments of 2efenseK )nergyK 9ealth and 9uman SerIices 
T3ational Dnstitutes of 9ealthUK Commerce T3ational Dnstitute of Standards and Technology and 3ational 
Bceanic and Atmospheric AdministrationUK AgricultureK DnteriorK and 9omeland SecurityK and the 3ational 
Aeronautics and Space Administration. 
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The federal goIernment should create and fund a new program whose goal is to 

deIelop and eSpand professional master’s education in the natural sciences that meets 

localK regionalK or national needs. :e eSpect thatK to meet those needsK many of these new 

master’s programs will be interdisciplinary in nature and that theyK like the Sloan- and 

Keck-supported programsK will proIide opportunities for students to acquire skills in 

communicationK teamworkK proGect managementK or other areas of businessK ethicsK or 

law.  The America CB.=)T)S Act authoriVes the 3SR director to deIelop a program 

that will award grants to four-year institutions to create or improIe professional science 

master’s degree programs in high-need fields.  :e support the creation of this 3SR 

program and recommend that Congress also authoriVe other agencies across the federal 

goIernment to deIelop such programs to address particular needs associated with the 

fields of science important to their missions.   

?iIen the national need forK and the return to the nation ofK educating science-

trained professionals at the master’s leIelK we recommend that the federal goIernment 

proIide substantial funding for this national program.  The America CB.=)T)S Act 

authoriVes the 3SR to proIide up to 2NN institutional grants to create or eSpand =S. 

programs in four-year institutions in high-need fields that haIe an emphasis on practical 

training and preparation for the workforce.  To fund these institutional programs the act 

authoriVes funding for 3SR to implement Section cNQ[ for up to w1N million in Rl 2NNXK 

w12 million in Rl 2NNaK and w1O million in Rl 2N1N.  As noted aboIeK these annual 

authoriVation leIels for federal funding will be inadequate if this program flourishes and 

demand for =S. graduates increases as we belieIe it will.  Dt is our hopeK moreoIerK that 

oIerall funding and support for institutional =S. programs will be a shared 

responsibility of the federal goIernmentK state goIernmentsK priIate philanthropyK 

employersK and uniIersities. 

 To meet the goals of this effortK it is critical that federal funds support institutional 

programs that will produce graduates who meet employer needsilocalK regionalK or 
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national.  :e eSpect that in their applications for federal program supportK institutions 

will demonstrate that they haIe a substantial and productiIe partnership both with 

employers and with the professional practice community.  These partnerships should 

inIolIe participation of employers and practitioners on an eSternal adIisory board and 

financial and]or in-kind support for the program.  Dn-kind support may include mentoringK 

internship opportunitiesK support for hands-on team proGectsK and other program 

interaction.  To help promote productiIe institution-employer relationshipsK we also 

recommend research on best practice in fostering interaction between employers and 

higher education programs in order to facilitate communication about employer needs 

and the deIelopment of curricula about those needs.  Runding for this research could be 

proIided by the Rederal goIernment or priIate foundations.  )ither wayK it would benefit 

=S. programs and also communication about other degree programs. 

:e recommend that institutional grants proIide funding for at least fiIe years and 

perhaps up to ten.  )Sperience with professional science master’s degree programs has 

shown that fiIe years is the minimum amount of time needed to obtain a return on the 

initial inIestment establishing a program.  Dnstitutional programs funded by the Sloan 

foundation wereK initiallyK proIided grants for a three-year period.  Almost all of the 

institutions receiIing those grants requested no-cost eStensions that typically eStended 

the grant period to about fiIe years.  To become permanently establishedK sustainableK 

and able to reach full capacityK programs will likely need support for up to ten yearsK with 

funding past year fiIe linked to demonstrable progress. 

The America CB.=)T)S Act establishes that the 3SR director will carry out 

program eIaluations and report the results of such eIaluations to Congress.  .ore 

specificallyK the act mandates that the 3SR director shall “complete an annual eIaluation 

of each program assisted by grants under this sectionK requiring that any program that 

fails to satisfy the performance benchmarks deIeloped under subparagraph TAU shall not 

be eligible for further funding.”  :hile we agree with the proIisions to report outcomesK 

and that 3SR should coordinate this function across agenciesK we belieIe that meaningful 

reporting will only be aIailable after the program has been in place for fiIe years. 

The America CB.=)T)S Act mandates that the 3SR director shall establish a 

clearinghouseiin collaboration with four-year institutions of higher education Tincluding 
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applicable graduate schools and academic departmentsU and industries and federal 

agencies that employ science-trained personnelito share program elements used in 

successful professional science master’s degree programs and other adIanced degree 

programs related to scienceK technologyK engineeringK and mathematics.  RurtherK 

according to the actK the 3SR director shall make the clearinghouse aIailable to 

institutions of higher education that are deIeloping professional science master’s degree 

programs.  :ith support from the Sloan RoundationK Sciencemasters.com has proIided a 

clearinghouse of information on =S. programs.  This site was originally maintained by 

Sheila Tobias from 1aac to 2NNZ and has since been maintained by the Council of 

?raduate Schools.  A new association of =S. directorsK the 3ational =S. Association 

T3=S.AUK was formed in 2NNc.  This associationK which also has Sloan Roundation 

supportK will also serIe as a clearinghouse of information about =S. programs.   

 WastlyK financial support for students is critical to the oIerall success of our nation 

in deIeloping a cadre of science-trained professionals in the United States.  The 

participation of students from all backgroundsK including those from economically 

disadIantaged familiesK is essential to this effort.  :hile some students will be able to pay 

tuition and liIing eSpenses to obtain a master’s education through their own funds or by 

taking on a minimal amount of debtK others from more disadIantaged backgrounds 

generally cannot afford to pay for two years of such costs.  Significant debt from 

undergraduate programs preIents them from financing master’s leIel education through 

new loans.  As an integral component of the =S. programK we recommendK thereforeK the 

creation of a substantial federal programithe 3ational DnnoIation Scholarship T3DSU 

programito proIide needs-based financial assistance to U.S. citiVens who will use them 

to pay for tuition and eSpenses when they enroll in =S. programs.  The typical federal 

grant to support tuition and eSpenses for graduate students is currently w[NKNNN and we 

recommend similar support for =S. students.  )nrollment in =S. programs shouldK of 

courseK be open to students from eIerywhere in the world and we welcome all =S. 

graduates to remain in this country and contribute to our economy and society.  

RurthermoreK institutions should proIide financial subsidies from their own funds to 

either U.S. or non-U.S. citiVens as appropriate.  :e recommend that the taSpayer-

supported 3DS program be focused on U.S. citiVens as this represents an ideal opportunity 
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to both help domestic students who might not otherwise haIe the financial wherewithal to 

attend to graduate school and simultaneously bolster our science workforce by attracting 

more domestic students to graduate study in the sciences. 
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 State goIernments haIe a long history of working to spur economic deIelopment.  

JecentlyK many states haIe focused on the role of scienceK technologyK and innoIation in 

growing businesses and industries and the way higher education and workforce 

deIelopment can contribute to broadening the economic base.  Some statesK moreoIerK 

haIe begun to focus eIen more specifically on the health and growth of their ST). 

workforce. 

 :e recommend that state goIernments inIest in and regard professional science 

master’s degree programs as critical to producing a cadre of science professionals who 

can play an important role in managing and growing science- and technology-based 

industries in their states.  CaliforniaK for eSampleK now has master’s programs in the 

biosciences and biotechnology that serIe its growing biotechnology sector.  The 

California State UniIersity system is rolling out a system-wide plan that will proIide new 

=S. programs in 1Z fields on 12 campuses.  A similar system-wide effort is underway in 

3orth Carolina and other states are now planning the same.  Coordination of efforts 

among state goIernmentsK state uniIersity systemsK and employers will help maSimiVe 

the potential of these efforts to contribute to long-term state economic growth. 
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 The role of the :illiam .. Keck Roundation in establishing the Keck ?raduate 

Dnstitute and the Alfred =. Sloan Roundation in proIiding seed money for more than 12N 

=S. program tracks at ON institutions has been critical to establishing the need for and 

usefulness of master’s leIel professional programs in the sciences to meet the needs of 

science-based employers.  The efforts by and impacts of these priIate foundations mirror 

those of others that haIe pioneered new programs in fields outside of the natural sciences. 

Two noteworthy eSamples are the :hittaker RoundationK which focused on deIeloping 

biomedical engineering as a disciplineK and the Rranklin :. Blin RoundationK which has 

played a role in pioneering a new approach to engineering education. 

 :e encourage philanthropic institutions to continue to play a role in creating and 

sustaining professional science master’s degree programsK and eIen endowing new 

institutions as warranted.  Roundations can proIide matching funds for federal grantsK 

funding to assist students with financial aidK and the seed money for the establishment of 

a base of new programs in a specific field or in support of a specific industry. 
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G3:B.1539=3.94?.8@8=924.!0<.B56H59A8.94?.6=G35.2446C9=2648K.

 



Copyright © National Academy of Sciences. All rights reserved.

Science Professionals:  Master's Education for a Competitve World 
http://www.nap.edu/catalog/12064.html

!"#$!%&'()*+(,-.),!/.

 ZX

Dn adIancing U.S competitiIenessK professional societies are in a position to 

contribute by bridging professional practice and academia.  =rofessional societies should 

support the creation of professional science master’s programs in their fields or in 

interdisciplinary fields to which their discipline contributes.  :e recommend that each 

professional society in the natural sciences deIelop an oIerall strategy for addressing 

higher education in its field.  This strategy should include the =S. and specific actions to 

help create and sustain such =S. programs asE 

•! Creating a society-wide committee on master’s education in the fieldK parallel to 

those that focus on doctoral and postdoctoral education 

•! 9ighlighting or facilitating =S. programs through conference sessions and 

presentations 

•! =roIiding a field-specific clearinghouse of information on =S. programs and Gob 

opportunities for =S. graduates 

•! JecogniVing the professional contributions of faculty who lead or participate in 

successful =S. programs 

Dndustry associations may similarly play a critical role in identifying workforce 

needs and proIiding a catalyst for the deIelopment and nurturing of professional science 

master’s programs.  :e recommend that associations in high technology or science-based 

industries deIelop an oIerall strategy for higher education.  This strategy should include 

the =S. and specific actions to help create and sustain such =S. programs asE 

•! Creating an association committee on higher education in the field that includes 

professional science master’s education 

•! 9ighlighting or facilitating =S. programs through conference sessions and 

presentations 

•! =roIiding an industry-specific clearinghouse of information on =S. programs 

and Gob opportunities for =S. graduates 

•! =roIiding outreach to employers that could work with local higher education 

institutions to deIelop and sustain =S. programs 

Dn additionK we encourage the further deIelopment of the 3ational =rofessional 

Science .aster’s Association T3=S.AU and the engagement of other associations with it.  

This new organiVation supports =S. programsK engages businessesK industriesK non-profit 
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organiVationsK and goIernment agenciesK and promotes the =S. as a graduate degree-of-

choice for students in scienceK mathematicsK and technology. The 3=S.A has a unique 

opportunity to strengthen the national =S. moIement by engaging all its constituents in 

a synergistic collaboration.  
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Across higher education institutions with a wide array of missions and student 

populationsK new programs haIe proIen that master’s education in the natural sciences 

focused on professional practice can benefit both students and employers.  The further 

deIelopment of programs such as these is a maGor opportunity for both comprehensiIe 

and research institutions to contribute to national innoIation and competitiIeness.   

 9igher education institutions should continue to innoIate in and support the 

deIelopment of master’s degree programs in the natural sciences to meet the needs of 

students seeking science-based careers and of the localK regionalK and national employers 

who hire them.  Dnstitutions should proIide support from their own resources for these 

newK innoIatiIe programs.  This support may be financial or in-kind in nature and should 

be coordinated with support from other sourcesK including the federal goIernmentK state 

goIernmentsK philanthropic organiVationsK and employers.  Dt will typically be necessary 

to deIelop new courses and curricula specific to each master’s program and courses in 

professional practice that may be used by one or more programs.  Dnstitutions can be 
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particularly effectiIe by proIiding faculty with appropriate rewards and incentiIes for 

initiating and sustaining new industry-oriented master’s programs.  Rinding a strong and 

respected “champion” within the faculty for a =S. program can add significantly to the 

establishmentK deIelopmentK and sustainability of a program.  

=S. programs will proIide students with deeperK more adIanced scientific 

knowledge than is typically obtained in a four-year undergraduate program.  This 

knowledge may focus on a specific field but may also be interdisciplinary in nature.  

=rograms may be able to fuse scientific knowledge from one field with anotherK such as 

computer or information sciencesK or integrate that knowledge with training in 

managementK lawK or public policy.  Dn generalK these programs should typically require 

two years to complete as a full-time student and must not be confused with master’s 

degrees that are awarded along the student’s successful or unsuccessful road to the =h.2.   

These programs must include courses or course elements focused on professional 

skills and practice in such areas asE 

•! CommunicationK interpersonalK and proGect management skills 

•! TeamworkK innoIationK leadershipK and entrepreneurship 

•! 7usiness or public policy TeconomicsK financeK managementK organiVational 

behaIiorU 

•! Wegal climate 

•! =rofessional ethics 

•! Computation 

•! Culture]languages 

.aster’s education in the sciences that consists solely of science courses proIides only 

limited preparation for a career in businessK goIernmentK or nonprofit organiVations. 

?raduates benefit substantially from entrepreneurial and professional practice 

enhancementsia Ialuable addition that can help the graduate rapidly become a 

contributing employee.  

 9ands-on eSperienceK Iery useful for studentsK is a key requirement of a =S. 

program. This may be proIided through summer internships between the two program 

years.  :e also recommend business- or goIernment-sponsored proGects that proIide an 

inIaluable workplace eSperienceione that reinforces for the student the realities of the 



Copyright © National Academy of Sciences. All rights reserved.

Science Professionals:  Master's Education for a Competitve World 
http://www.nap.edu/catalog/12064.html

!"#$!%&'()*+(,-.),!/.

 c1

work worldK the need for teamwork and communicationK and how the science they are 

learning is releIant.  ?raduates who present a portfolio of completed work sponsored by 

a businessK goIernmentK or nonprofit organiVation and who haIe the business awareness 

and personal deIelopment that come from participating in these kinds of programs will 

find that their resumes stand out to employers. 

=ublished educational and degree program standards and eSpectations play an 

important role in guiding higher education institutions to an appropriate balance of 

educational effort among bachelorsK mastersK professional and doctoral programs. Ror 

professional academic programs Tlike the =S.K as for those in medicineK engineeringK 

lawK etc.UK uniIersities and accrediting agencies should be attentiIe to the means by which 

such programs optimiVe their responsiIeness to the needs of the professions for which 

they prepare graduates.  The committee suggests that eSamination of reward and 

eIaluation processes would promote awareness of the importance of =S. programs both 

to faculty work and to the nationfs economic well being. 
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9igher education institutions should reach out to and work as partners with 

employers to create and sustain programs.  The creation and use of eSternal employer 

adIisory councils will proIide critical input for framing of new science master’s 

programs.  Areas of interaction can includeE 

•! Dnitial conception and scope of the degree program 
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•! Curriculum deIelopment 

•! .entoring 

•! AdGunct faculty 

•! )mployer-sponsored proGects 

•! Dnternships 

•! )mployment 

•! Rinancial support 

An innoIatiIe master’s program that deIelops graduates for careers in business and 

industry will succeed only if a broad range of employers know about and Ialue the 

program.  This can be achieIed to some eStent by inIolIing employers in the 

deIelopment and implementation of the masters programK but it also requires an effort by 

the uniIersity to market the program and make it known widely. UniIersities may be 

unaccustomed to this challenge or may find it difficult to market the programY they would 

likely benefit from guidance and support.  A well-designed Dnternet site that relates the 

program to the interests of employers is one effectiIe program-marketing tool.  An 

ongoing effort to attend releIant business]industrial gatherings and talk about a program 

and its Iirtues is also important.   

 Dnstitutions should proIide outreach to students and recent alumniK informing 

undergraduate students and potential graduate students of the professional science 

master’s degree opportunity.  As a relatiIely new degree program and career trackK many 

students haIe not been eSposed to information about these programs and are unaware of 

the professional opportunities to continue in science that they afford.  Raculty should be 

encouraged to recommend to adIisees interested in non-research careers to consider 

=S.-programsieIen their best students whom they typically push in the direction of 

=h.2. programs.  =rograms and institutions should also reach out to recent alumniK whose 

work eSperiences after graduation may additionally prepare them for =S. programs and 

the careers they lead to. 
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:e encourage employers in the for-profitK nonprofitK and goIernment sectors to 

partner with higher education institutions to create and sustain professional science 

master’s programs.  )mployers may participate on program industry adIisory councils.  

Through these and other channelsK they can further assist with and benefit fromE 

•! Dnitial conception and scope of the degree program 

•! Curriculum deIelopment 

•! .entoring 

•! AdGunct faculty 

•! )mployer-sponsored proGects 

•! Dnternships 

•! )mployment 

•! Rinancial support for programs or students 
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.aster’s education that is focused on preparing students for careers offers uniIersities 

and business]industry a Ialuable opportunity to enrich and eStend their eSisting 

relationships. This should be a particular concern for public uniIersitiesK whose 

contributions to economic and workforce deIelopment areiappropriatelyiunder close 

scrutiny.  :orking together to make master’s programs releIantK currentK and Ialuable 

proIides uniIersities and business]industry adIisors with a powerful chance to learn from 

one another to the benefit of both.  )mployer input and participation are essential to 

creating master’s programs whose graduates will be sought after by employers.  They 

also proIide an opportunity for employers with an opportunity to interact with #%8--9%-$%

M/99Y"2#')/7K%0'*09:YZ>#9'$'/7%G#("/2J(%9/./9%82-$/(('-)#9(%$-2%$>">2/%0'2/(%"02->*0%

')"/2)(0'8(%#)7%/389-:/2Y(8-)(-2/7%82-[/;"(%#)7%"0/:%0#./%"0/%-88-2">)'":%"-%0/98%(0#8/%

"0/'2%/7>;#"'-)%#)7%"2#')')*%"02->*0%;>22';>9>3%7/./9-83/)"X%

The agency or organiVation proIiding the clearinghouse function should also 

proIide outreach to current and potential employers.  .any employers could benefit from 

hiring the graduates of a professional master’s programK but they are not aware of the 

opportunities aIailable to them.  :e also recommend that employers inIite 

representatiIes of =S. programs to speak at local or regional business gatherings that 

proIide a forum for communication about the eSistence and attributes of =S. programs 

and their graduates. 

 WastlyK we encourage employers to broaden their traditional recruiting to hire 

graduates from new programs.  .any human resources T9JU offices adIertise and recruit 

based on eSistingiand sometimes out-of-dateiGob categories.  These categoriesior the 

notions of what credentials and skills these categories implicitly or eSplicitly containi

may not proIide 9J specialists with an awareness of =S. graduates and the distinctiIe 

backgrounds they bring.  9iring managers who become aware of =S. programs and 

graduates should communicate with human resources offices in their firmsK agenciesK or 

organiVations to ensure that recruitment efforts will include =S. graduates where 

appropriate. 

)ntrepreneurship within the American enterprise is not solely the domain of 

American industry.  Bne must considerK as wellK entrepreneurship within goIernment. 

Bne needs only to look at the billions of dollars spent each year in the federal goIernment 
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on Jd2 and acquisition of material and compleS deIices.  SeIeral large mission 

agencies T2efense most notablyK but also )nergyK CommerceK 9omeland SecurityK 9ealth 

and 9uman SerIicesK and 3ASAU make substantial inIestment decisions in material and 

sophisticated systems eIery day.  These agencies are also technology performers in the 

national network of federal mission laboratories.  :hile the goIernment certainly 

requires its share of deeply trained =h.2.s in the natural sciences to populate its world-

class research centersK so too does it require procurement officersK acquisition officialsK 

proGect managersK program managersK and senior eSecutiIes whoK in their inIestment 

decision making rolesK must understand the latest in the technology realm while 

simultaneously ensuring competitiIe business management outcomes.  The =S. model 

fits perfectly with this eStensiIe national need.   
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Students in professional science master’s degree programs should take adIantage 

of internships and industry-sponsored team proGects.  They proIide opportunities to 

eSperience the application of what they are learningK reinforcing its releIance and 

deepening its meaning to the student.  These actiIities also proIide opportunities for the 

student to learn more about themselIesK prospectiIe employersK and the application of 

science.  RinallyK they may also inIolIe international traIel and workK which we belieIe 

to be eStremely Ialuable in today’s global work enIironment. 

:e encourage alumni to proIide the professional programs from which they 

graduated links to and resources from their current employersK including mentoringK 

internship opportunitiesK and information about employment. 
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The 3ational Jesearch Council will to undertake a study eSploring the role of 

master’s education in the natural sciences and whether and how master’s programs might 
be enhanced to bolster our workforce and our nation’s science based industries.  The 
study committee will eSplore and answerK as possible giIen the data aIailableK the 
following questionsE 
 

1.! :hat are employer needs for staff trained in the natural sciences at the masterfs 
degree leIelg Are they able to find or deIelop the staff they need at this leIelg  

2.! 9ow do employers communicate their employment needs to educational 
programs and how can this communication be enhancedg  

Q.! :hat is known about students who pursue and obtain masterfs degrees in the 
natural sciencesg :hat are their educational and career goalsg 9ow do masterfs 
programs meet or support these educational and career goalsg 

[.! 9ow do masterfs leIel professionals in the natural sciences contribute in the 
workplaceg :hat are the employee characteristics that employers seek in staff 
with adIanced trainingg 2o masterfs leIel professionals enter the workforce with 
a masterfs degree or do they enter with a bachelorfs degree and earn a masterfs 
degree laterg 

O.! :hat can be learned from efforts already underway to re-shape masterfs education 
in scienceg :hat effectiIe practices haIe been identified that could be adopted by 
othersg  :hat can masterfs leIel programs in the natural sciences learn from each 
otherg  

Z.! :hat can they learn from the way graduate-leIel professional programs in fields 
such as businessK public policyK public healthK and engineering deIeloped to meet 
employer needsg 

c.! :hat findings and conclusions about appropriate goals and effectiIe practices for 
enhancing masterfs education in the natural sciences can be drawn from the 
answers to the preceding questionsg 

X.! :hat recommended neSt steps can the committee proIide for stakeholders-
studentsK facultyK department chairsK uniIersity administratorsK employersK federal 
agencies and policymaking bodies-concerned with enhancing masterfs leIel 
professional educationg 
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JDTA J. CBW:)WWK E-33'""//%E0#'2K% is Chairman of Canon US Wife SciencesK Dnc. and 
2istinguished UniIersity =rofessor both at the UniIersity of .aryland at College =ark and at 
`ohns 9opkins UniIersity 7loomberg School of =ublic 9ealth. 9er interests are focused on 
global infectious diseasesK waterK and healthK and she is currently deIeloping an international 
network to address emerging infectious diseases and water issuesK including safe drinking water 
for both the deIeloped and deIeloping world.  2r. Colwell serIed as the 11th 2irector of the 
3ational Science RoundationK 1aaX-2NN[.  Dn her capacity as 3SR 2irectorK she serIed as Co-
chair of the Committee on Science of the 3ational Science and Technology Council.  Bne of her 
maGor interests include K-12 science and mathematics educationK graduate science and 
engineering education and the increased participation of women and minorities in science and 
engineering.  2r. Colwell has held many adIisory positions in the U.S. ?oIernmentK nonprofit 
science policy organiVationsK and priIate foundationsK as well as in the international scientific 
research community.  She is a nationally-respected scientist and educatorK and has authored or co-
authored 1Z books and more than cNN scientific publications.  She produced the award-winning 
filmK DnIisible SeasK and has serIed on editorial boards of numerous scientific Gournals.  7efore 
going to 3SRK 2r. Colwell was =resident of the UniIersity of .aryland 7iotechnology Dnstitute 
and =rofessor of .icrobiology and 7iotechnology at the UniIersity .aryland. She was also a 
member of the 3ational Science 7oard from 1aX[ to 1aaN.  2r. Colwell has preIiously serIed as 
Chairman of the 7oard of ?oIernors of the American Academy of .icrobiology and also as 
=resident of the American Association for the AdIancement of ScienceK the :ashington 
Academy of SciencesK the American Society for .icrobiologyK the Sigma xi 3ational Science 
9onorary SocietyK and the Dnternational Union of .icrobiological Societies.  2r. Colwell is a 
2NNZ 3ational .edal of Science laureate and is a member of the 3ational Academy of SciencesK 
the Joyal Swedish Academy of SciencesK StockholmK the American Academy of Arts and 
SciencesK and the American =hilosophical Society.  She has also been awarded [N honorary 
degrees from institutions of higher educationK including her Alma .aterK =urdue UniIersity.  2r. 
Colwell holds a 7.S. in 7acteriology and an ..S. in ?eneticsK from =urdue UniIersityK and a 
=h.2. in Bceanography from the UniIersity of :ashington. 
 
2AbD2 S. C9A=.A3 is professor of ?eology d ?eophysics and 2ean of the ?raduate School 
at the UniIersity of Utah. At UtahK 2r. Chapman has been a faculty memberK department chairK 
Associate 2ean of The ?raduate School and now dean of the ?raduate School and Associate 
bice =resident for graduate studies. As graduate deanK Chapman implemented a tuition benefit for 
2KNNN graduate studentsK created a health insurance benefit for teaching and research assistantsK 
and eSpanded training for international teaching assistants. Dn 2NNZK he was honored with the 
Josenblatt =riVe for )ScellenceK the UniIersity of Utah’s most prestigious award. 9e has 
authored more than 12N publicationsK leads a research group studying thermal aspects of 
geological processesK and is immediate past chairman of the Dnternational 9eat Rlow Committee. 
Dn 2NN1K Chapman was elected to the 7oard of the Council of ?raduate Schools TC?SUK and in 
2NN2K he was elected president of the :estern Association of ?raduate Schools T:A?SU. 9e has 
preIiously serIed on the U.S 3ational Committee for the Dnternational Union of ?eodesy and 
?eophysics. 2r. Chapman receiIed his 7.S. in physics and mathematics in 1aZ[ and his master’s 
in physics in 1aZZ from the UniIersity of 7ritish Columbia. 9e receiIed his =h2 in ?eophysics 
from the UniIersity of .ichigan.  
 
`U3? C9BD is Associate Chair for the School of 7iologyK Associate =rofessor of .olecular 
?eneticsK and Raculty Coordinator of the 7ioinformatics .asters 2egree =rogram at the ?eorgia 
Dnstitute of Technology. 9is research focuses on plant molecular genetics and plant protein 
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kinases. 2r. Choifs has receiIed numerous research grants as well as the honor of being a Willy 
)ndowment Teaching Rellow T1aaN-1aa1U. 9e is a member of the AAAS and the =rofessional 
Science .asters AdIisory 7oard for the Council of ?raduate Schools among other groups. 2r. 
Choi has his =h2 in 7iology from the UniIersity of California San 2iego T1aXQU. 
 
2AJlW C9U7D3 is the 2irector of the Center for AdIancing Science and )ngineering Capacity 
at the American Association for the AdIancement of Science. 9e became 2irector in August 
2NN[. =reIiouslyK he serIed as Senior bice =resident for JesearchK =olicy d =rograms at the 
3ational Action Council for .inorities in )ngineering T3AC.)U Dnc. Dn additionK he spent 
nearly 1O years in federal serIice. 9is posts included Senior =olicy Bfficer for the 3ational 
Science 7oard at the 3ational Science Roundation T3SRU T1aaX-2NN1UY 2iIision 2irector for 
JesearchK )Ialuation and Communication in 3SR’s 2irectorate for )ducation and 9uman 
Jesources T1aaQ-1aaXUY and Ton detailU Assistant 2irector for Social and 7ehaIioral Sciences 
Tand )ducationU at the :hite 9ouse Bffice of Science and Technology =olicy T1aacU. 2r. Chubin 
has serIed on the faculty of four uniIersitiesK including ?eorgia TechK where he was promoted to 
full professor. 9e has published eight books and numerous reports on issues in science policyK 
human resource deIelopmentK program eIaluationK and engineering education. Among 2r. 
Chubin’s honors areE AAAS RellowK =ast Chair of the AAAS section on Societal Dmpacts of 
Science and )ngineeringK Rellow of the Association for :omen in ScienceK member of the 
3ational Academy of )ngineering Committee on 2iIersity in the )ngineering :orkforce Tas well 
as [ other 3JC committeesUK Dntegrator for 7)ST T7uilding )ngineering and Science TalentUK 
and co-recipient of the American Society of )ngineering )ducation :ickenden Award for best 
paper published in the 2NNQ Iolume of The `ournal of )ngineering )ducationK huality )ducation 
for .inorities].S) 2NNZ ?iant of ScienceK and Sigma xi 2istinguished Wecturer 2NNc-2NNa. 2r. 
Chubin earned his =h2 in sociology from Woyola UniIersity TChicagoU in 1acQ. 
 
.AJl ). CWUTT)J is the former assistant director of the 3ational Science Roundation T3SRU 
where she was responsible for the 7iological Sciences 2irectorate. 2r. Clutter has also serIed as 
the U.S. Chair of the U.S.-)uropean Commission Task Rorce on 7iotechnology and has been a 
member of the 7oard of Trustees of the Dnternational 9uman Rrontiers Science =rogramK the 
7oard of Jegents of the 3ational Wibrary of .edicineK and the 3ational Agricultural JesearchK 
)StensionK )ducation and )conomics AdIisory 7oard. She serIed as chair of the 7iotechnology 
Subcommittee of the Committee on Science of the 3ational Science and Technology Council 
T3STCUK co-chair of the Subcommittee on )cological Systems of the Committee on )nIironment 
and 3atural Jesources]3STC and co-chair of the 3STC Committee on Sciencefs Dnteragency 
:orking ?roup on =lant ?enomes. 2r. Clutter is a member of numerous professional societies 
and has serIed on the 7oard of 2irectors of the American Association for the AdIancement of 
Science TAAASU. She is a Rellow of the AAAS as well as of the Association for :omen in 
Science. She is currently a member of the 3JC’s =olicy and ?lobal Affairs Committee. 2r. 
Clutter receiIed her 7.S. in biology from Allegheny College and her .asterfs and =h2 degrees 
from the UniIersity of =ittsburgh.  
 
=AUW ?. ?ARR3)l DD became the seIenth president of .onmouth UniIersity in `uly 2NNQ. 
=resident ?affneyK a retired 3aIy bice AdmiralK was president of the 3ational 2efense 
UniIersity from 2NNN to 2NNQ. =rior to thatK he was the Chief of 3aIal Jesearch with 
responsibility for science and technology inIestmentK a substantial part of which supported basic 
research in American uniIersities. 9e was appointed by =resident ?eorge :. 7ush to the Bcean 
=olicy Commission in `uly 2NN1K and serIed during its full tenure from 2NN1 to 2NN[. 9is naIal 
career spanned oIer three decades including duty at seaK oIerseasK and ashore in eSecutiIe and 
command positions. :hile a military officerK his career focused on oceanographyK research 
administrationK and education. =resident ?affney is a 1aZX graduate of the U.S. 3aIal Academy. 
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Upon graduationK he was selected for immediate graduate education and receiIed a masterfs 
degree in Bcean )ngineering from Catholic UniIersity of America in :ashingtonK 2.C. 9e 
completed a year as a student and adIanced research fellow at the 3aIal :ar CollegeK graduating 
with highest distinction. 9e completed an ..7.A. at `acksonIille UniIersity. The UniIersity of 
South CarolinaK `acksonIille UniIersityK and Catholic UniIersity haIe awarded him honorary 
doctorates. 9e has been recogniVed with a number of military decorationsK the 3aIal :ar 
Collegefs `. :illiam .iddendorf =riVe for Strategic JesearchK the Butstanding =ublic SerIice 
Award from the birginia Jesearch and Technology ConsortiumK and the =otomac Dnstitutefs 
3aIigator Award. 9e is a fellow of the American .eteorological SocietyK has serIed on seIeral 
boards of higher education and was a member of the Bcean Studies 7oard of the 3ational 
Jesearch Council during 2NN2-2NN[. 9e has been selected to be a =ublic Trustee for the 3ew 
`ersey .arine Sciences Consortium and chaired the ?oIernorfs Commission to =rotect and 
)nhance 3ew `erseyfs .ilitary 7asesK and serIes on the .eridian 9ealth 7oard of Trustees. 
 
W)) W. 9U3TS.A3 is =resident )meritus at the UniIersity of :ashington and a =rofessor in 
the 2epartment of 7ioengineering. 7efore serIing as =residentK he was U:’s proIost and Iice 
president for academic affairs. 9is research interests are the mechanics of heart and heart muscleK 
cardioIascular system assessmentK and new measurement techniques. Dn 2NNOK 2r. 9untsman was 
named eSecutiIe director of the Wife Sciences 2iscoIery Rund Authority. ApproIed by the 
:ashington state legislatureK the fund uses tobacco settlement money to yhelp finance 
groundbreaking research and deIelopment of biomedical and other scientific adIances.y 2r. 
9untsman is a fellow of the American Association for the AdIancement of Science and the 
American Dnstitute of .edical and 7iological )ngineering. Rrom 2NN[ to 2NNOK he serIed as a 
committee member on the “Committee To Assess the Capacity of the U.S. )ngineering Jesearch 
)nterprise” for the 3ational Academy of )ngineering. 9e receiIed his =h.2. in biomedical 
engineering from UniIersity of =ennsylIania in 1aZX. 
 
`B3AT9A3 .. KAl)S is a 2[-year Ieteran of the Central Dntelligence Agency. 9e has serIed 
as the CDAfs Chief Wearning Bfficer since April 2NNZ and ran one of the CDAfs training centers 
from 2NN1 to 2NN[. 9e has spent the maGority of his career in the Clandestine SerIiceK splitting 
his assignments between the field and Gobs at CDA 9hS. :hile much of his work has focused on 
)ast AsiaK he has also coIered weapons proliferationK telecommunicationsK and terrorism. .r. 
Kayes is a natiIe of St. Wouis where he attended the `ohn 7urroughs School. 9e graduated from 
Columbia UniIersity with a 7.A. in =olitical Science. 9e also did .asterfs work at the Columbia 
School of Dnternational Affairs. Among other awardsK CDA has awarded .r. Kayes the 
Dntelligence Commendation .edal and the 2onoIan Award. 
 
2B3AW2 3. WA3?)37)J? is Chancellor )meritus of the 1Q-member UniIersity System of 
.arylandK haIing serIed as its head from 1aaN to 2NN2. Dn 1aXQK 2r. Wangenberg became 
Chancellor of the UniIersity of Dllinois at Chicago where he was also a professor of physics. 2r. 
Wangenberg has receiIed countless honors and awardsK and was named 2eputy 2irector of the 
3ational Science Roundation by =resident `immy Carter in 1aXN. 9e was awarded the `ohn =rice 
:etherill .edal of the Rranklin DnstituteK the 2istinguished Contribution to Jesearch 
Administration Award of the Society of Jesearch Administrators and many others. 2r. 
Wangenbergfs research has been primarily in eSperimental condensed matter physics and materials 
science. 9is work in this field of superconductiIity led to a new type of Ioltage standard now in 
use worldwide. 2r. Wangenberg serIes or has serIed on many boards including the 7oard of 
2irectors of the American Association for the AdIancement of ScienceK of which he was 
ChairmanY the 7oard of 2irectors of the Alfred =. Sloan RoundationY the 7oard of Trustees of the 
UniIersity of =ennsylIaniaY the )SecutiIe 7oard of the 3ational Association of the State 
UniIersities and Wand ?rant CollegesK of which he was Chairman. 9e was =resident of the 
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American =hysical SocietyK is bice-Chairman of the board of the 3ational Council for Science 
and the )nIironmentK chairs the board of the )ducation TrustK Dnc.K and chairs the =rofessional 
Science .asters AdIisory 7oard for the Council of ?raduate Schools. Dn additionK 2r. 
Wangenberg is currently a member of the 7oard of Trustees of the UniIersity of the 2istrict of 
ColumbiaK as well as a member of the 3JC Committee on Teacher =reparation =rograms in the 
U.S. 2r. Wangenberg earned his 7.S. at Dowa State UniIersityK his ..S. at the UniIersity of 
CaliforniaK Wos AngelesK and his =h.2. at the UniIersity of CaliforniaK 7erkeley. All of his 
degrees are in physics. 
 
?)BJ?) WA3?RBJ2 is 2ean of the College of 3atural Sciences and .athematics at the 
UniIersity of .assachusettsK Amherst. 7efore arriIing at AmherstK 2r. Wangford was the )rnest 
)Ierett `ust =rofessor of 3atural Sciences and professor of biological sciences at 2artmouth 
College in 3ew 9ampshire and an adGunct professor of physiology at the 2artmouth .edical 
Center from 1aa1 until 2NNO. 9e has numerous publications and his current laboratory work 
focuses on the neuronal cytoskeleton and the role actin plays in learning and memory. 2r. 
Wangford was preIiously an 3D9 postdoctoral fellow at the UniIersity of =ennsylIania T1ac1-
1acQUK an assistant professor of biology at the UniIersity of .assachusetts 7oston T1acQ-cZUK 
`osiah .acy Scholar at the .arine 7iological Waboratory at :oods 9oleK .assachusetts T1acZUK 
assistant professor of anatomy at the 9oward UniIersity College of .edicine T1acc-1acaUK and 
associate professor T1aca-1aXXU and professor T1aXX-1aa1U of physiology in the School of 
.edicine at the UniIersity of 3orth Carolina at Chapel 9ill. 2r. Wangford has been an 3D9 
grantee T1acX-1aXZU and program director for the 3ational Science Roundationfs cell biology 
program T1aXX-1aXaU. Rrom 1aaX to 2NN[K he serIed on the 3ational Science 7oard. 9e has 
serIed on seIeral 3JC committees and currently is a member of 3JC’s Associateship and 
Rellowship =rograms AdIisory Committee. 2r. Wangford receiIed his =h2 in cell biology from 
the Dllinois Dnstitute of Technology and was a postdoctoral fellow at the UniIersity of 
=ennsylIania. 
 
9)3Jl JD??S became founding =resident of Keck ?raduate Dnstitute of Applied Wife Sciences 
in .archK 1aac following nine years as =resident and =rofessor of )ngineering of 9arIey .udd 
College. 7oth of these Dnstitutions are members of the Claremont Colleges Consortium. 9e 
retired as president on `uly 1OK 2NNQ. )arlierK he was Stanford’s bice =resident for 2eIelopmentK 
heading all uniIersity fundraising actiIitiesK and remains the Thomas Rord =rofessor of 
)ngineering .anagementK )meritus. =rofessor Jiggs has specialiVed in engineering management 
with a focus on industrial finance and controlK managing technical companiesK and new enterprise 
management. 9e taught control and management courses at Stanford’s School of )ngineering and 
a course in the management of technology Gointly with the ?raduate School of 7usiness. 9is 
commitment to teaching is eIidenced by his receipt of the Tau 7eta =i Award for )Scellence in 
Undergraduate )ngineering Teaching in 1aca and the :alter `. ?ores Raculty AchieIement 
Award in 1aXN. 9e has a 7S degree from Stanford and an .7A degree from 9arIard and 
honorary doctoral degrees from 9arIey .udd College T2NNZU and Keck ?raduate Dnstitute 
T2NNcU. 9e has held business positions with AmpeSK 1aOc-1aOXK Stanford Jesearch DnstituteK 
1aZN-1aZQK Dcore DndustriesK 1aZQ-1acNK and .easureSK 1acN-1ac[. Rrom 1aZO-1acNK he was 
president of DcoreY from 1acN-1ac[K he was Iice president of finance at .easureS. 9e taught at 
Stanford from 1acN-1aXX and was chairman of the 2epartment of Dndustrial )ngineering and 
)ngineering .anagement from 1acX-1aX2. 9e is currently a director of seIeral companies and 
the author of seIeral books. 
 
`D. S=B9J)J is the 2irector of Almaden SerIices JesearchK with the mission of creating and 
deploying serIice innoIations that matter and scale well both internally to transform D7. and 
eSternally to transform D7. client capabilities T“double win” serIice innoIationsU. SerIice 
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system innoIation is a multidisciplinary endeaIorK integrating technologyK business modelK social-
organiVational and demand innoIations TGust think about the ubiquity of credit cardsK and what it 
took to make that serIice system innoIation globalY alsoK too oftenK people focus on the inIention 
of the light bulbK and forget about the serIice system innoIations required to make that point 
technology innoIation beneficial to so manyU. =rior to Goining D7.K Spohrer was at Apple 
ComputerK attaining the role of 2istinguished ScientistK )ngineerK and Technologist T2)STU for 
his pioneering work on intelligent multimedia learning systemsK neSt generation authoring toolsK 
on-line learning communitiesK and augmented reality learning systems. 9e has published in the 
areas of speech recognitionK artificial intelligenceK empirical studies of programmersK neSt 
generation learning systemsK and serIice science. Spohrer graduated with a =h2 in Computer 
Science from lale UniIersity TspecialiVing in Artificial Dntelligence and CognitiIe ScienceU in 
1aXa and a 7.S. in =hysics from .DT in 1acX. 
 
JDC9AJ2 TA=DA o3A)p is UniIersity =rofessorK .aSfield-Bshman =rofessor in )ngineeringK 
2irector of the Center for )Scellence and )quity in )ducationK and Associate 2irector of 
?raduate Studies at Jice UniIersity. A mathematician and professor in the 2epartment of 
Computational and Applied .athematics at JiceK 2r. Tapia is known for both his research and 
leadership in education and outreach programs. At JiceK 2r. Tapia directs the institution’s 3SR-
funded Alliance for ?raduate )ducation in the =rofessoriate TA?)=U =rogram which proIides 
opportunities for undergraduate and graduate students in scienceK mathematicsK and engineering 
to participate in uniIersity actiIities and work for the summer under the guidance of researchers 
at Jice. 2ue to his effortsK Jice has receiIed national recognition for its educational outreach 
programs and the Jice Computational and Applied .athematics 2epartment has become a 
national leader in producing women and underrepresented minority =h.2. recipients in the 
mathematical sciences. 2r. Tapia is the recipient of the Society for Dndustrial and Applied 
.athematics TSDA.U =riVe for 2istinguished SerIice to the =rofessionK the American 
.athematical Society 2istinguished =ublic SerIice AwardK 3AC.)’s Jeginald 9. `ones 
2istinguished SerIice AwardK the SAC3AS 2istinguished Scientist AwardK the Wifetime .entor 
Award from the American Association for the AdIancement of ScienceK and the 1aaZ 
=residential Award for )Scellence in ScienceK .athematicsK and )ngineering .entoring. 2r. 
Tapia has also been named 9ispanic )ngineer of the lear by 9ispanic )ngineer .agaVine and 
was awarded the inaugural A. 3ico 9abermann Award by the Computer Jesearch Association in 
1aa[. 2r. Tapia has preIiously serIed on the 3ational Science 7oard. 9e has been a member of 
the 3ational Academy of )ngineering since 1aa2 and serIed as chair of the 3JC’s 7oard on 
9igher )ducation and :orkforce from 2NN1 to 2NN[. 9e receiIed his 7.A.K ..A. and =h.2. 
degrees in mathematics from the UniIersity of California-Wos Angeles. 
 
T9B.AS J. TJDTTB3 serIed as 9aIerford Collegefs twelfth president and was a cancer 
chemotherapy research eSpert whose work was continuously funded by the American Cancer 
Society and the 3ational Dnstitutes of 9ealth. 9e is currently the =resident-in-Jesidence at the 
9arIard ?raduate School of )ducation and will become president of the Chemical 9eritage 
Roundation in 2NNX. A past deputy director of the bermont ComprehensiIe Cancer Center - a 
2esignated Center of the 3ational Cancer Dnstitute - Tritton is a member of the American 
Association for Cancer Jesearch and the American Society of 7iological Chemistry and 
.olecular 7iology. Dn 1aXc he co-chaired the first international symposium on organ directed 
toSicities of cancer drugsK and the following year he chaired the ?ordon Jesearch Conference on 
cancer chemotherapyK an annual meeting of 1QO prominent cancer specialists. Tritton has also 
serIed on the American Association of Cancer Jesearch =rogram Committee and the board of 
directors of the bermont Technology Council. Rrom 1acQ to 1acO he was a postdoctoral fellow in 
lalefs Chemistry 2epartment. Ror the neSt 1N years he was an assistant and associate professor of 
pharmacology at lale until Goining the pharmacology faculty at the UniIersity of bermont in 
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1aXO. As Iice proIost at the UniIersity of bermont from 1aa1 to 1aacK Tritton was the senior 
research officer thereK directing all aspects of sponsored programsK facilitiesK research fundingK 
outreachK technology and research policy for the uniIersity. Dn that position he also oIersaw all 
computing and information technologyK as well as uniIersity arts programsK including the 
Rleming .useumK the largest fine arts museum in bermont.  
 
=9DWD= TUC9D3SKl is an applied mathematicianK recently retired from a 2X-year career at Rord 
.otor Company Jesearch d AdIanced )ngineering. Dn the final decade of his Iaried careerK 
Tuchinsky helped create Rord’s first data mining group within a larger business intelligence T7DU 
effort Twhich Rord calls systems analyticsU. This 7D organiVationK today about twenty strongK 
functions as a consulting group that conducts research for company operations Tits customersU. 
The 7D practice proIed Iery successful and grew steadily oIer the decade. Dt is gained a 
reputation that eStends to Iery senior eSecutiIes and throughout industry. As a data minerK 
Tuchinsky deIeloped a specialty in innoIatiIe warranty analysis. 9e has also worked with SDA. 
and seIeral .ichigan uniIersities to encourage the growth of these technologies by creating 
conferences and other eIents. 9ighlights of his Rord career include 9enry Rord Technology 
Awards in 1aXO and 2NNN. 9is career record includes hundreds of internal and eSternal 
publications and presentations. Tuchinsky’s retirement interests include consulting as the owner 
of Tuchinsky 7DK WWC. Since 2NN2K masters-leIel education in the sciences has been an important 
personal and professional interest. 9e serIes as an industrial adIisor to the professional sciences 
masters T=S.U degree program in Dndustrial .athematics at .ichigan State UniIersity. 9e has 
spoken by inIitation about the business significance of =S. degrees and the Ialue of hiring =S. 
graduates in many forums. Tuchinsky serIes on the AdIisory 7oard of the Council of ?raduate 
Schools =S. program. 9e is also participating in the deIelopment of a pioneering =S. program 
at the UniIersity of .ichiganE an ..S. in Applied CompleS Systems. 2r. Tuchinsky won a 
:oodrow :ilson Rellowship for graduate study as he completed a mathematics maGor at hueens 
CollegeK CU3l in 1aZZ. 9e completed his ..S and =h.2. degrees at the Courant Dnstitute of 
.athematical SciencesK 3ew lork UniIersityK in 1aZX and 1ac1. 
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Carol WynchK Senior Scholar in Jesidence and 2irector of the =S. DnitiatiIeK  
Council of ?raduate Schools 

 
o12E1O Wunch will be proIided in the meeting roomp 

 
1ENN F3C3:6BA34=8.24.=G3.'273.94?.!GR8219:.01234138 
 

Keck ?raduate Dnstitute of Applied Wife Sciences 
9enry JiggsK =resident )meritusK Keck ?raduate Dnstitute of the  
Applied Wife Sciences 

 
The .aster’s 2egree in =hysics 
Joman CVuGkoK 2irectorK Statistical Jesearch CenterK American Dnstitute 
of =hysicsK co-author of O2-*2#3(%"0#"%G#";0%5./2:%A)"/2/("4%G#("/2J(%
I/*2//%')%O0:(';(  

 
o2E1O 7reakp 
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2EQN F3A94?.765.94?.0@BB:R.67.0123413.<98=35>8.F3H533."312B234=8 
 

An Dndustry =erspectiIe of the =S. 2egree in California 
 .. 2aniel 2eCillisK Jesearch AssociateK California Council on  

Science and Technology 
 
 2ata on master’s education in science and mathematics 

3athan 7ellK Associate 2irectorK Commission on =rofessionals in Science  
and Technology 

 
QE[O )6AA2==33.F281@88264 
 Jita ColwellK Committee Chair 

2iscussion of presentations 
Wooking towards the final reportE DssuesK )IidenceK Butline 

 
OENN AdGourn day one 
 
 
+G@58?9RI.<951G.O[I.OMM\I."66A.OM_.
 
F8/)%!/(('-)%
 
XEQN (&<.94?.035C213.0123413. . . . . . .
. +*&.[ 

`im SpohrerK 2irector of SerIices JesearchK D7. Almaden Jesearch Center 
 

oaE1O 7reakp 
 
aEQN -3Z=.0=3B8. . . . . . . . . ..........
+*&.PM 
 =eter 9endersonK Study 2irector 

JeIiew of :ork =lan 
Summer :orkshop].eetingE Agenda and Speakers 

 
11ENN *?f6@54 
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U31V.)34=35.67.=G3.-9=2649:.*19?3A238.

LMM.N27=G.0=533=I.-DI.D98G24H=64I.F).OMMMP.
S@:R.P^$P_I.OMM\.

'()*+,)--$.*+#0)*1#+
 
 
09=@5?9RI.S@:R.P^I.OMM\I."66A.PMM.
 
XEQN D3:16A3 

 
Jita ColwellK Committee Chair 

 
XE[O +G3.<98=35>8.F3H533.24.)64=3Z=;.E2HG35.#?@19=264.94?.)6AB3=2=2C34388..

!6:21R 
 
`ames 2uderstadtK =resident )meritus and UniIersity =rofessor of Science and  

)ngineeringK UniIersity of .ichigan TIia teleconferenceU 
.

Alan .ertenK =residentK ?eorge .ason UniIersity 
.
1NENN <98=35>8.#?@19=264;.T6C354A34=.!358B31=2C3 

 
Cora .arrettK Associate 2irector for )ducation and 9uman JesourcesK 

 3ational Science Roundation 
 
1NE[O 7reak 
 
11ENN %42C3582=R."38B6483.=6.)G94H38.24.<98=35>8.#?@19=264.
 

?ary JeichardK )SecutiIe bice ChancellorK California State UniIersity System 
 

Alan .abeK bice =resident for Academic =lanning and UniIersity-School  
=rogramsK UniIersity of 3orth Carolina 

 
12ENN Wunch 
 
1ENN DG6.39548.A98=358.?3H533.24.=G3.49=@59:.81234138.94?.JG9=.?6.=G3R.?6j.
 

.ark JegetsK Senior AnalystK Science Jesources StatisticsK 3ational  
Science Roundation 

 
1E[O <98=358.#?@19=264;.T59?@9=3.F3948.
 

2aIid ChapmanK 2ean of the ?raduate SchoolK UniIersity of Utah 
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Karen KlomparensK 2eanK ?raduate SchoolK .ichigan State UniIersity 
 
2E[O 7reak 
 
QENN !358B31=2C3.67.!0<.!56H59A.F2531=658.
 

Winda StrausbaughK =rofessor of ?eneticsK 2irectorK Center for Applied ?enetics  
and TechnologyK and Co-2irectorK =rofessional Science .asters =rogramK  
UniIersity of Connecticut 

 
7ogdan bernescuK ChairK 2epartment of .athematical SciencesK and =rogram  

2irectorY =S. =rograms in Dndustrial .athematics and Rinancial  
.athematicsK :orcester =olytechnic Dnstitute 

 
[ENN !0<.!56H59A.F2531=658;.&2624765A9=218.
 

:illiam 2etrichK =S. =rogram 2irectorK 7ioinformaticsK 3ortheastern UniIersity 
 
`ung ChoiK =S. =rogram 2irectorK 7ioinformaticsK ?eorgia Dnstitute of  

Technology 
 
 
0@4?9RI.S@:R.PLI.OMM\I."66A.PPM.
 
aENN D65V76513.F3A94?;.(4=3::2H3413.)6AA@42=R.

 
Stephen :illarK 2irectorK SdT JecruitmentK Central Dntelligence Agency 

 
aE[O D65V76513.F3A94?;.<6?3:24H.94?.&@824388.(4=3::2H3413.

 
=hilip TuchinskyK Technical )SpertK Systems Analytics Jesearch ?roupK 

Rord .otor Company Jesearch d AdIanced )ngineering TretiredU 
 
 
<64?9RI.S@:R.P_I.OMM\I."66A.PPM.
 
aENN 0V2::8.765.=G3.OP8=.)34=@5R.
 

.argaret 9iltonK Center for )ducationK The 3ational Academies 
 
aE[O %42C3582=R."38B6483.=6.)G94H38.24.<98=35>8.#?@19=264.
 

Susan AldridgeK =residentK UniIersity of .aryland UniIersity College 
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0#)K.\M`^K.!",N#00(,-*'.0)(#-)#.<*0+#">0.F#T"##.!",T"*<0K.
 
TaU CW)AJD3?9BUS).i 

T1U 2)b)WB=.)3T.iThe 2irector shall establish a clearinghouseK in 
collaboration with [-year institutions of higher education Tincluding applicable 
graduate schools and academic departmentsUK and industries and Rederal agencies 
that employ science-trained personnelK to share program elements used in 
successful professional science master’s degree programs and other adIanced 
degree programs related to scienceK technologyK engineeringK and mathematics. 
T2U AbADWA7DWDTl.iThe 2irector shall make the clearinghouse of program 
elements deIeloped under paragraph T1U aIailable to institutions of higher 
education that are deIeloping professional science master’s degree programs. 

 
TbU =JB?JA.S.i 

T1U =JB?JA.S AUT9BJDz)2.iThe 2irector shall award grants to [-year 
institutions of higher education to facilitate the institutions’ creation or 
improIement of professional science master’s degree programs that may include 
linkages between institutions of higher education and industries that employ 
science-trained personnelK with an emphasis on practical training and preparation 
for the workforce in high-need fields. 
 
T2U A==WDCATDB3.iA [-year institution of higher education desiring a grant 
under this section shall submit an application to the 2irector at such timeK in such 
mannerK and accompanied by such information as the 2irector may require. The 
application shall includei 

TAU a description of the professional science master’s degree program that 
the institution of higher education will implementY 
T7U a description of how the professional science master’s degree program 
at the institution of higher education will produce indiIiduals for the 
workforce in high-need fieldsY 
TCU the amount of funding from non-Rederal sourcesK including from 
priIate industriesK that the institution of higher education shall use to 
support the professional science master’s degree programY and 
T2U an assurance that the institution of higher education shall encourage 
students in the professional science master’s degree program to apply for 
all forms of Rederal assistance aIailable to such studentsK including 
applicable graduate fellowships and student financial assistance under 
titles Db and bDD of the 9igher )ducation Act of 1aZO T2N U.S.C. 1NcN et 
seq.K 11QQ et seq.U. 

 
                                                 
O2 America Creating Bpportunities to .eaningfully =romote )Scellence in TechnologyK )ducationK and 
Science ActK =ublic Waw 3oE 11N-Za. 
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TQU =J)R)J)3C)S.iThe 2irector shall giIe preference in making awards to [-
year institutions of higher education seeking Rederal funding to create or improIe 
professional science master’s degree programsK to those applicantsi 

TAU located in States with low percentages of citiVens with graduate or 
professional degreesK as determined by the 7ureau of the CensusK that 
demonstrate success in meeting the unique needs of the corporateK non-
profitK and goIernment communities in the StateK as eIidenced by 
proIiding internships for professional science master’s degree students or 
similar partnership arrangementsY or T7U that secure more than two-thirds 
of the funding for such professional science master’s degree programs 
from sources other than the Rederal ?oIernment. 
 

T[U 3U.7)J BR ?JA3TSY TD.) =)JDB2 BR ?JA3TS.i 
TAU 3U.7)J BR ?JA3TS.iSubGect to the aIailability of appropriated 
fundsK the 2irector shall award grants under paragraph T1U to a maSimum 
of 2NN [-year institutions of higher education. 
T7U TD.) =)JDB2 BR ?JA3TS.i?rants awarded under this section 
shall be for one Q-year term. ?rants may be renewed only once for a 
maSimum of 2 additional years.  
 

TOU )bAWUATDB3 A32 J)=BJTS.i 
TAU 2)b)WB=.)3T BR =)JRBJ.A3C) 7)3C9.AJKS.i =rior to 
the start of the grant programK the 2irectorK in collaboration with [-year 
institutions of higher education Tincluding applicable graduate schools and 
academic departmentsUK and industries and Rederal agencies that employ 
science-trained personnelK shall deIelop performance benchmarks to 
eIaluate the pilot programs assisted by grants under this section. 
T7U )bAWUATDB3.iRor each year of the grant periodK the 2irectorK in 
consultation with [-year institutions of higher education Tincluding 
applicable graduate schools and academic departmentsUK and industries 
and Rederal agencies that employ science-trained personnelK shall 
complete an eIaluation of each program assisted by grants under this 
section. Any program that fails to satisfy the performance benchmarks 
deIeloped under subparagraph TAU shall not be eligible for further 
funding. 
TCU J)=BJT.i3ot later than 1XN days after the completion of an 
eIaluation described in subparagraph T7UK the 2irector shall submit a 
report to Congress that includesi 

TiU the results of the eIaluationY and TiiU recommendations for 
administratiIe and legislatiIe action that could optimiVe the 
effectiIeness of the pilot programsK as the 2irector determines to 
be appropriate. 
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AnnuallyK U.S. institutions award 1.Q master’s degrees in the biological sciences 

for each doctorate awarded in that field. Ror eSampleK there were about cKXNN master’s 
and almost ZKNNN =h.2.s awarded by U.S. institutions in the biological sciences in 2NN[. 
:e can eSamine the national data further to better understand the pathways of graduate 
students through master’s and doctoral programs to careers.   

 
Bn aIerageK the time-to-degree for new doctorates in the biological sciences was 

Z.c years in 2NN[.  About [N percentK or 2K[NN of the ZKNNN new =h.2.s had earned a 
master’s degree en route. AssumingK thenK that these students started graduate study in 
1aac and those who were awarded the master’s degree receiIed it in 1aaa Tafter two 
years of studyUK then about [K[NN of the nearly ZKXNN master’s recipients in the biological 
sciences that year T1aaaU earned a master’s degree and did not continue to the doctorate. 
9oweIerK we know from 3SR data that only about OO percentK or QKcNNK of master’s 
degree holders in the biological sciences earn no further degrees. This suggests that of the 
[K[NN who earned a master’s degree and no doctorateK about cNN earned some other 
adIanced degree.  

 
Dn sumK thenK we haIe four groups of studentsE T1U QKcNN who earned the master’s 

degree and no other degreeY T2U cNN who earned a master’s degree and an adIanced 
degree other than the doctorate TmedicineK lawK businessK etc.UY TQU 2K[NN who earned a 
master’sK mainly as a stepping-stone to the doctorateY and T[U QKZNN who earned only a 
doctorate.OQ  There are no data sources that will allow us to tease outK for the biological 
sciencesK how many of those who earned only a master’s degree intended to earn Gust that 
degree and how many had hoped to go on to a doctorate.  

                                                 
OQ T. 7. 9offer et al.K I-;"-2#"/%&/;'8'/)"(%$2-3%Q)'"/7%!"#"/(%Q)'./2('"'/(4%!>33#2:%&/8-2"%CRRW  
TChicagoE 3ational Bpinion Jesearch CenterU. The report giIes the results of data collected in the SurIey 
of )arned 2octoratesK conducted for siS federal agenciesi3SRK 3D9K US)2K 3)9K US2AK and 3ASAi
by 3BJC.U  The S)2 reports OKaQc =h.2.s in the biological sciences in 2NN[K cNQ of which were in 
biochemistry. 7iochemists had a time-to-degree of Z.1 yearsK and Q1.2O reported haIing a master’s degree. 
Bther =h.2.s in the biological sciences had a time-to-degree of Z.c yearsK and [N.Q percent had master’s 
degrees. 3umber of master’s degrees in the biological sciences is from the 3ational Center for )ducation 
StatisticsK 2igest of )ducation Statistics 2NNZK Table 2OO. 
httpE]]nces.ed.goI]programs]digest]dNZ]tables]dtNZr2OO.asp Taccessed Bctober 2ZK 2NNcU. 
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Dn the deIelopment of professional-focused master’s education in businessK public 

administration]policyK public healthK and other professional fieldsK and in the deIelopment of 
medical education as wellK seIeral patterns can be obserIed across fields. 
 

•! A single pioneering institution initiated a master’s program in the field. 
 

•! =hilanthropy  in the form of early funding consistently played a key role. 
 

•! After the field had maturedK a report that took an oIerall Iiew of the emerging fieldK made 
conclusions about how to organiVe]rationaliVe the field and its programs in response to 
the societal needsK and then had a significant impact through its implementation. 

 
•! The field continued to eIolIe in response to social and economic factors. 

 
=hilanthropy’s role as a catalyst is of particular note. =hilanthropic organiVations not only 
proIided early funding to launch programs but also played a role in funding studies whose reports 
had an impact on the future deIelopment of the field. The RleSner Jeport T1a1NUK which had such 
a significant impact on medical educationK was both initiated and funded by the Carnegie 
Roundation for the AdIancement of Teaching. SimilarlyK 9igher )ducation for 7usiness T1aOaUi
funded by the Rord Roundationiand the )ducation of American 7usinessmen T1aOaUifunded 
by Carnegieialso had significant impacts on business education and the master in business 
administration in particular. 
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+9Q:3.NKP.F3C3:6BA34=.67.03:31=3?.!5673882649:.F3H533.!56H59A8.
. <KFK. <K&K*K.

.
<K!K*Ke<K!K!K. <K!KEK.

,52H248.
bF9=3e248=2=@=264c.

Dn 1cZOK 2rs. `ohn .organ and 
:illiam ShippenK `r. founded the 
.edical School of the College of 
=hiladelphiaK the first medical 
school in 3orth America 
 
Dn the 1ath centuryK the US 
medical education was non-
standard and frequently 
inadequateK being administered 
through 1 of Q basic systemsE an 
apprenticeship systemK proprietary 
schoolsK uniIersity-based 
education. 

1XX1 at the :harton 
School at the UniIersity 
of =ennsylIania 
 
9arIard 7usiness School 
T1aNXU was first to 
require a uniIersity 
degree for entry 

1aQZ ?ift from Wucius Wittauer 
to create ?raduate School of 
=ublic Administration at 
9arIard.  Water eIolIes into 
`ohn R. Kennedy School of 
?oIernment in 1acNs 
 
=ublic management program at 
the UniIersity of .aine in 
1a[O 
 
Wate 1aONs establishment of 
.aSwell School at Syracuse 
UniIersity. 

1a1Z `ohns 9opkins 
7loomberg School of 
=ublic 9ealth 

(47:@34=29:.53B65=8. RleSner Jeport T1a1NK funded by 
Carnegie Roundation for the 
AdIancement of TeachingU 
addressed the need for 
standardiVation and quality in 
medical education 

“9igher )ducation for 
7usiness” by ?ordon and 
9owell T1aOaK funded by 
RordUY 
 
“The )ducation of 
American 7usinessmen” 
by =ierson T1aOaK funded 
by CarnegieU 
 
These reports addressed 
business schools’ 
“Iocationalism and 
mediocrity” 

:ard Stewart report of 1aZ1Y  
 
2onald Stone’s report on “The 
Jesponse of 9igher )ducation 
to the 3eeds of =ublic SerIice” 
in 1ac1 

Dnstitute of .edicine 
report on “The Ruture 
of =ublic 9ealth” from 
1aXX 

#Z=3549:.=534?8.
247:@34124H.

Scientific breakthroughs in 
medicine supported calls for 

Scientific management 
studies throughout the 

The ?reat SocietyY 
professionaliVation of public 

Spread of 
communicable 
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3C6:@=264.67.?3H533. standardiVation in medicine 2Nth century Te.g.K 
TaylorismY SiS SigmaUY 
competition with `apan in 
the early 1aXNs 

serIice diseasesY disparity in 
health care outcomes 
across socioeconomic 
leIels and countriesY 
politiciVation of health 
care 

"6:3.67.3Z=3549:.
8=9V3G6:?358.

The A.A sought to eliminate 
schools that failed to adopt a  
rigorous brand of systematiVedK 
eSperiential medical education. 
 

Rord and Carnegie 
Roundations funded 
reports in late 1aONsY 
Iariety of “in-house” 
corporate programs Te.g. 
.otorola U.U  

Rederal recognition through 
fellowships in 1aZX 9)A 
reauthoriVationY 
DntergoIernmental =ersonnel 
ActY =residential .anagement 
Dnternship =rogramY Truman 
Scholarships 

 

F@59=264.67.
B56H59A.

Rour years ?enerally two years ?enerally two years ?enerally two years 

S624=.B56H59A8. `oint programs are commonly 
aIailable with public health 
T.=9U or biomedical research 
T=h.2.U 
 

`oint programs are 
commonly aIailable with 
lawK public policyK 
businessK and other .A 
programs 

`oint programs are commonly 
aIailable with law and other 
.A programs 

`oint programs are 
commonly aIailable 
with medicineK lawK 
public policyK business 

+38=24H. .CAT ?.AT ?J) ?J)Y .CAT Tfor Goint 
.2].=9 programsU 

0=94?95?8. State licensing boards require high 
admissions standards and strict 
curriculum requirements 

Specific standards 
identified for three areasE 
strategic managementY 
participants Tstudents and 
facultyUY and assurance of 
learning 

Under reIision for 2NNaY 
current standards address nine 
areasE program eligibilityY 
missionY GurisdictionY 
curriculumY facultyY student 
admissionsY student serIicesY 
support serIicesY off-campus 
and distance education 

 

0B3129:2W3?.
91153?2=9=264.

Wiaison Committee on .edical 
)ducation TWC.)U 

RiIe-year cycleY 
ApplicationK followed by 
consultation with 

SeIen-year cycleY Self-study 
followed by site Iisit 
coordinated by 3ational 

SeIen-year cycleY Self-
study followed by site 
Iisit coordinated by 
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appointed mentorK 
followed by site Iisit 
coordinated by 
Association to AdIance 
Collegiate Schools of 
7usiness TAACS7U 

Association of Schools of 
=ublic Affairs and 
Administration T3AS=AAU 

Council on )ducation 
for =ublic 9ealth 

F2812B:2495R.
9772:29=2648.

=reclinicalE AnatomyK 
biochemistryK physiologyK 
pharmacologyK histologyK 
embryologyK microbiologyK 
pathologyK neuroscience. 
ClinicalE internal medicineK 
surgeryK pediatricsK family 
medicineK obstetrics]gynecologyK 
neurologyK psychology. 

)conomicsY SociologyY 
AccountingY .arketingY 
Rinance 

=olitical ScienceY )conomicsY 
Sociology 

9ealth SerIices 
AdministrationY 
7iostatisticsY 
)pidemiologyY 
7ehaIioral 
Sciences]9ealth 
)ducationY 
)nIironmental 9ealth 
SerIices 

,5H942W9=2649:.
9772:29=2648.

American Association of .edical 
Colleges  

AACS7  
T1a1ZipresentU  

Council on ?raduate )ducation 
for =ublic Administration Tlate 
1aONsi1acNUY 3AS=AA 
T1acNipresentU 

Association for Schools 
of =ublic 9ealth 
T1aOQipresentU  

(4=3549=2649:.
C9529=2648e.
3ZB65=9Q2:2=R.

 )Sported to )urope 
during the 2Nth centuryY 
D3S)A2 offered first 
)uropean .7A in 1aOc 

 Dnfluenced 
establishment of 
Association of Schools 
of =ublic 9eath in the 
)uropean Jegion 
T1aZZU 

 
SourcesE ?laVer-JaymoK O2-$/(('-)#9'6')*%12#7>#"/%57>;#"'-).  ConradK et al.K +%!'9/)"%!>;;/((. 
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U31V.T59?@9=3.(48=2=@=3.67.=G3.*BB:23?.'273.01234138I..
0:694.N6@4?9=264.!5673882649:.0123413.<98=35>8.(42=29=2C3I.94?.
*A35219.),<!#+#0.*1=I.031=264.\M`^.!0<.!56C282648.

 
.
.
!56H59A.N39=@53.

.
U31V.T59?@9=3.(48=2=@=3.67.
=G3.*BB:23?.'273.01234138.

.
*:753?.!K.0:694.N6@4?9=264.!5673882649:.
0123413.<98=35>8.(42=29=2C3.

.
!0<.!56C282648.67.=G3.*A352194.
),<!#+#0.*1=.

!95=212B9=24H.
(48=2=@=2648.

K?D was established as an 
independent graduate institute 
within the Claremont 
Colleges Consortium. 
 

Sloan initially proIided w12OKNNN per 
institutional program track for startups in 
research uniIersities.  WaterK as there was 
accumulated knowledge as to how to 
launch a =S. trackK the amount per 
program dropped to waN-w1NNKNNN.  StillK 
laterK when the .asterfs granting 
institutions were competingK the amount 
per program was w[NKNNN per track. 
 

The 3SR 2irector shall award grants to [-
year institutions of higher education to 
facilitate the institutions’ creation or 
improIement of professional science 
master’s degree programs 

(4?@8=5Re#AB:6R35.
(4C6:C3A34=.

The K?D 7oard of Trustees 
and AdIisory Council 
includes representatiIes of 
industryK particularly in 
biotechnology. 
 
Bne employerK AmgenK has 
hired about 2Ns of K?D 
graduates 
 
The .7S program includes a 
summer internship between 
the two years. 
 

=rograms typically haIe industry adIisory 
boards.   
 
 
 
 
=rograms see potential employers as 
industryK goIernment agenciesK and non-
profits. 
 
=rograms are required to haIe a summer 
internship. 
 
 

=rograms  may include linkages between 
institutions of higher education and 
industries that employ science-trained 
personnel 
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 aX

The curriculum also includes 
a team master’s proGectK 
typically funded on a proGect-
by-proGect basis by priIate 
firms at wONKNNN each. 

 

!56H59A.
)G9591=3528=218.

T1U The .aster of 7ioscience 
T.7SU program focuses on 
biosciencesimore 
specifically biotechnologyK 
pharmaceuticalK healthcare 
productK and bioagricultural 
fields 
 
 
T2U The .7S curriculum is 
approSimately 2]Q science and 
engineering and 1]Q 
management and ethics.  The 
program includes a Team 
.asters =roGect each funded 
by a priIate sponsor and 
focused on a real world 
problem. 
 

T1U Rields in the physical sciencesK 
biological sciencesK mathematicsK and 
computer science.  A particular effort was 
made to identify 12 bioinformatics 
programs.  The scientific focus of a 
program track was identified by the 
institution.  bery often they are 
interdisciplinary in nature. 
 
T2U =S. programs include a “plus” 
component that focuses on workplace 
skillsE  communicationK proGect 
managementK interdisciplinary teamworkK 
ethicsK andias appropriateibusinessK 
legalK or computational skills. 
 

T1U =rograms should focus on high-need 
fields. 
 
 
 
 
 
 
 
T2U =rograms should haIe an emphasis on 
practical training and preparation for the 
workforce 
 
 
 
 
 
 
 

!56H59A.N@4?24H. The :... Keck Roundation 
proIided an initial funding of 
wON million Tcurrent use and 
endowmentU to establish K?D.  
An additional w2N million 
grant from Keck and wQN 
million from other sources 
has been inIested. 

Sloan grant funds approIed for =S. 
programs Tfrom 1]1]1aac to presentUE w1c.O 
million.  Sloan grant funds paid out to 
dateE w1O.a million.  This includes grants 
to institutionsK and other grants to 
uniIersity systemsK C?SK C=STK science 
societiesK and other organiVations that 
promoted the =S.. 

The CB.=)T)S Act authoriVes funding 
for 3SR to implement Section cNQ[ at up to 
w1N million for Rl 2NNXK w12 million in Rl 
2NNaK and w1O million in Rl 2N1N 
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-@AQ35.67.
!56H59A8.

.aster of 7ioscience =rogram 
T2 yearsU 
 
3ew Rully )mployed .aster 
of 7ioscience =rogram Tfor 
full time employeesY deliIered 
Iia distance learning and 
eIening classesY Q year 
programU 
 

.ore than 1NN program tracks in ON 
institutions across 2N states as a result of 
Sloan’s funding 1aac-2Nc 

SubGect to the aIailability of appropriated 
fundsK the 2irector shall award grants to a 
maSimum of 2NN [-year institutions of 
higher education. 
 

+2A3.!3526?. 3]A ?rants to research institutions were for Q 
years.  Almost all requested 3C)s.  
AIerage total grant period of about O 
years. 
 
WaterK planning grants of wcKNNN were 
proIided to master’s focused institutions 
so they could prepare applications for one 
year grants. 
 

?rants awarded under this section shall be 
for one Q-year term. ?rants may be renewed 
only once for a maSimum of 2 additional 
years. 
 

!56H59A.
*BB:219=264.

3]A =rograms are required to haIe the 
followingE 
 
aU presence of an employer adIisory groupK 
 
bU  aIailability TrequirementU of yplusy 
courses in business basicsK ethicsK patent 
lawK regulatory affairsK etc.  
 
cU internship  
 
dU cNs of course time in science Twith 
interdisciplinarityUK 

A [-year institution of higher education 
desiring a grant under this section shall 
submit an application to the 2irector at 
such timeK in such mannerK and 
accompanied by such information as the 
2irector may require. The application shall 
includei 
 
TAU a description of the professional science 
master’s degree program that the institution 
of higher education will implementY 
 
T7U a description of how the professional 
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 1NN

science master’s degree program at the 
institution of higher education will produce 
indiIiduals for the workforce in high-need 
fieldsY 
 
TCU the amount of funding from non-
Rederal sourcesK including from priIate 
industriesK that the institution of higher 
education shall use to support the 
professional science master’s degree 
programY and 
 
T2U an assurance that the institution of 
higher education shall encourage students 
in the professional science master’s degree 
program to apply for all forms of Rederal 
assistance aIailable to such studentsK 
including applicable graduate fellowships 
and student financial assistance under titles 
Db and bDD of the 9igher )ducation Act of 
1aZO T2N U.S.C. 1NcN et seq.K 11QQ et seq.U. 
 

!5373534138.  Sloan gaIe initial preference to research 
institutions.  WaterK the program was 
eSpanded to include other doctorate 
granting institutions and master’s focused 
institutions. 

The 2irector shall giIe preference in 
making awards to institutions seeking 
Rederal funding to create or improIe 
professional science master’s degree 
programsK to thosei 
 
TAU located in States with low percentages 
of citiVens with graduate or professional 
degreesK as determined by the Census 
7ureauK that demonstrate success in 
meeting the unique needs of the corporateK 
non-profitK and goIernment communities in 
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 1N1

the StateK as eIidenced by proIiding 
internships for professional science 
master’s degree students or similar 
partnership arrangementsY or 
 
T7U that secure more than two-thirds of the 
funding for such professional science 
master’s degree programs from sources 
other than the Rederal ?oIernment. 

!56H59A.
#C9:@9=264.

Jegional institutional 
accreditation T:estern 
Association of Schools and 
CollegesU 

3o formal eIaluation program required. TAU 2)b)WB=.)3T BR 
=)JRBJ.A3C) 7)3C9.AJKS.i
=rior to the start of the grant programK the 
2irectorK in collaboration with [-year 
institutions of higher education Tincluding 
applicable graduate schools and academic 
departmentsUK and industries and Rederal 
agencies that employ science-trained 
personnelK shall deIelop performance 
benchmarks to eIaluate the pilot programs 
assisted by grants under this section. 
 
T7U )bAWUATDB3.iRor each year of the 
grant periodK the 2irectorK in consultation 
with [-year institutions of higher education 
Tincluding applicable graduate schools and 
academic departmentsUK and industries and 
Rederal agencies that employ science-
trained personnelK shall complete an 
eIaluation of each program assisted by 
grants under this section. Any program that 
fails to satisfy the performance benchmarks 
deIeloped under subparagraph TAU shall not 
be eligible for further funding. 
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 1N2

TCU J)=BJT.i3ot later than 1XN days 
after the completion of an eIaluation 
described in subparagraph T7UK the 2irector 
shall submit a report to Congress that 
includesiTiU the results of the eIaluationY 
and TiiU recommendations for administratiIe 
and legislatiIe action that could optimiVe 
the effectiIeness of the pilot programsK as 
the 2irector determines to be appropriate. 
 

):39524HG6@83. )StensiIe and eSpensiIe 
recruitment of applicants%

Sciencemasters.com has proIided 
clearinghouse of information on =S. 
programs.  :ith funding from the Sloan 
RoundationK this site was maintained by 
Sheila TobiasK 1aac-2NNZK and by C?SK 
2NNZ-present. 
 
A new association of =S. directorsK the 
3ational =S. Association T3=S.AU has 
formed in 2NNc.  This association will also 
serIe as a clearinghouse of information 
about =S. programs. 

T1U The 3SR 2irector shall establish a 
clearinghouseK in collaboration with [-year 
institutions of higher education Tincluding 
applicable graduate schools and academic 
departmentsUK and industries and Rederal 
agencies that employ science-trained 
personnelK to share program elements used 
in successful professional science master’s 
degree programs and other adIanced degree 
programs related to scienceK technologyK 
engineeringK and mathematics. 
 
T2U The 3SR 2irector shall make the 
clearinghouse aIailable to institutions of 
higher education that are deIeloping 
professional science master’s degree 
programs. 
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 1NQ

 
*BB34?2Z.E.
F9=9.+9Q:38.

 
+9Q:3.EKP. <98=35d8.?3H5338.94?.?61=659=38.16473553?I.QR.83Z.67.8=@?34=.94?.723:?.67.8=@?R;.OMM^$ML 

<98=35d8.?3H5338.
F61=65d8.?3H5338.b!GKFKI.

#?KFKI.3=1Kc.
N23:?.67.8=@?R. +6=9: <9:3. N3A9:3 +6=9: <9:3 N3A9:3
All fieldsK total  Oc[KZ1X 2QQKOaN Q[1KN2X O2KZQ1 2ZKacQ 2OKZOX
Agriculture and natural resources.... [Kc[Z 2K2XX 2K[OX 1K1cQ cZQ [1N
Architecture and related serIices  OKZc[ QK1XN 2K[a[ 1ca 11N Za
AreaK ethnicK culturalK and gender studies  1KcOO ZZa 1KNXZ 1Xa X1 1NX
7iological and biomedical sciences  XK1aa QKQ1X [KXX1 OKOcX 2KX[O 2KcQQ
7usinessK managementK marketingK and serIices 1[2KZ1c X2K1O1 ZNK[ZZ 1K[aX aN1 Oac
Communication and communications technologies cK1aO 2KOQO [KZZN [ZX 1aO 2cQ
Computer and information sciences and serIices 1XK[1Z 1QK1QZ OK2XN 1K11a aNO 21[
)ducation 1ZcK[aN QXKXZQ 12XKZ2c cKZX1 2KOOc OK12[
)ngineering and engineering technologies  QOK1QQ 2cK1Z1 cKac2 ZKZN1 OKQZX 1K2QQ
)nglish language and literature]letters  XK[ZX 2KZ1O OKXOQ 1K212 [a[ c1X
Ramily and consumer sciences]human sciences  1KX2c 22a 1KOaX QQ1 ZX 2ZQ
Roreign languagesK literaturesK and linguistics  QK[Nc 1KNOZ 2KQO1 1KN2c [1N Z1c
9ealth professions and related clinical sciences  [ZKcNQ aKX1Z QZKXXc OKXZX 1Kc1N [K1OX
Wegal professions and studies  [K1cN 2KQN[ 1KXZZ aX OX [N
Wiberal artsK general studies and humanities QKZXN 1KQX1 2K2aa 1Na QX c1
Wibrary science ZK21Q 1K2[1 [Kac2 [2 1[ 2X
.athematics and statistics [K[cc 2KO2O 1KaO2 1K1cZ X[1 QQO
.ilitary technologies N N N N N N
.ulti]interdisciplinary studies [K2O2 1K[[N 2KX12 aXQ [[N O[Q
=arksK recreationK leisure and fitness studies QKc[N 1KaQO 1KXNO 2Nc 11a XX
=hilosophy and religious studies 1KZ[c aaO ZO2 OXZ [1X 1ZX
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 1N[

=hysical sciences and science technologies OKZcX QK[Oc 2K221 [K11[ 2KaZZ 1K1[X
=recision production  Z 1 O N N N
=sychology 1XKXQN QKaNN 1[KaQN OK1NZ 1K[ZZ QKZ[N
=ublic administration and social serIice professions 2aKOO2 cKQcN 22K1X2 ZcQ 2c2 [N1
Security and protectiIe serIices QKaa1 1Kac[ 2KN1c a[ OO Qa
Social sciences and history 1ZKaO2 XK2OZ XKZaZ QKX1a 2K1X[ 1KZQO
Theology and religious Iocations OKX1O QK[Za 2KQ[Z 1K[22 1K1N1 Q21
Transportation and materials moIing XN2 Zca 12Q N N N
bisual and performing arts 1QK1XQ OKZ[Z cKOQc 1K2cX Oa[ ZX[
SourceE U.S. 2epartment of )ducationK 3ational Center for )ducation StatisticsK 2NN[-NO Dntegrated =ostsecondary )ducation 2ata System TD=)2SUK Rall 2NNO. 
TSee 2igest of )ducation StatisticsK 2NNZK Table 2OXK httpE]]nces.ed.goI]programs]digest]dNZ]tables]dtNZr2OX.aspK accessed Bctober 22K 2NNc.U 
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 1NO

+9Q:3.EKO. 03:31=3?.T59?@9=3.#?@19=264.)G9591=3528=218I.QR.0123413.94?.#4H2433524H.N23:?.
N23:?. T59?@9=3.

#456::A34=.24.
OMML.

`M$R395.
H56J=G.=534?.

L$R395.H56J=G.
=534?g.

"9=26.67.9J95?3?.
A98=35>8.?3H5338.
=6.!GKFK8gg.

#AB:6RA34=.
?38=249=264.765.
!GKFK8ggg.

)ngineering 
 

12NK[cQ 9igh RluS O.a Dndustry 

9ealth 
 

1N[K[[[ 9igh 9igh 21.c Academia 

Social Sciences 
 

aaKX[Z RluS .oderate Z.c Academia 

Wife Sciences 
 
          Ag. Sciences 
          7io. Sciences 
 

X1KOc2 
 

1QK12Q 
ZXK[[a 

.oderate 
 

.oderate 

.oderate 

.oderate 
 

.oderate 

.oderate 

1.c 
 

[.N 
1.Q 

Academia 
 

Tindustry is catching 
up to academia as a 

destinationU 
=sychology 
 

OcK[12 .oderate .oderate [.Z Academia 

=hysical Sciences 
 
          )]A]B 
          =hysics 
          Chemistry 
 

O1K22Q 
 

1[KX2c 
1QK[c2 
21K122 

Rlat 
 

Rlat 
 

.oderate 
 

.oderate 

.oderate 

.oderate 
 

1.2 
 

2.Q 
1.[ 
1.N 

Dndustry 
 
 

Computer Science 
 

[XKN[Z 9igh 3egatiIe 2N.a Dndustry 

.athematics 
 

2NK21N Rlat 9igh [.N Academia 
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 1NZ

-,+#0;.
 
{ O-year growth trend definitionsE 
3egatiIeismaller enrollment in 2NNO than in 2NN1Y at least three years of decreases 
RluSino clear trendY two years of increases and two years of decreases 
.oderateilarger enrollment in 2NNO than in 2NN1Y at least three years of increases 
9ighienrollment increase of at least 2Ns from 2NNO to 2NN1Y at least three years of increases 
 
{{ Jatios hand-calculated based on 2NN[ data from 3SR]SJS !;'/);/%#)7%5)*')//2')*%I/*2//(4%DTUUVCRRW.   
 
{{{ )mployment destination based on largest number of Sd) doctorate holders reporting employment in one of three fields for 2NNQE education TacademiaUY 
industry]self-employedY and goIernment. 
 
SourceE 3ational Science Roundation]Science Jesources StatisticsE T1U ?raduate enrollment data and trends from 3SR]SJSK SurIey of ?raduate Students and 
=ostdoctorates in Science and )ngineeringK T2U Jatio of master’s to doctorate degrees calculated from data in Table R.2 belowK TQU employment destination for 
=h.2.s from 3SR]SJSK SurIey of 2octorate Jecipients. 
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+9Q:3.EK`K. &91G3:65>8I.<98=35>8I.94?.F61=659=3.F3H5338.*J95?3?I.QR.0123413.94?.#4H2433524H.N23:?I.OMM^.
N23:?. &91G3:65>8.?3H5338.9J95?3?.

24.OMM^.
<98=35>8.?3H5338.9J95?3?.24.

OMM^.
F61=659=3.?3H5338.9J95?3?.24.

OMM^.
)ngineering 
 

Z[KZcO QQKXc2 OKccZ 

9ealth 
 

ZXKO11 QcKO11 1KcQN 

Social Sciences 
 

1QcKOOc 2cKZX2 [K1Q1 

Wife Sciences 
 
          Ag. Sciences 
          7io. Sciences 
 

XNKaQQ 
 

1cKN[1 
ZQKXa2 

11Kccc 
 

[K221 
cKOOZ 

ZKaXQ 
 

1KN[Z 
OKaQc 

=sychology 
 

X2KO1N 1OK2aX QKQQZ 

=hysical Sciences 
 
          )]A]B 
          =hysics 
          Chemistry 
 

1XK1[Q 
 

QKaNQ 
[K1OZ 
aKQNO 

OKZNN 
 

1KOcN 
1KZQc 
2KNOZ 

[KN2O 
 

Zc2 
1K1XZ 
1KaXc 

Computer Science 
 

OcK[NO 1aKXOQ a[a 

.athematics 
 

1QKcOO [K2ac 1KNcO 

SourceE 3ational Science RoundationK 2iIision of Science Jesources Statistics. 2NNZ. !;'/);/%#)7%5)*')//2')*%I/*2//(4%DTUUVCRRW. ArlingtonK bAE `anuary 
2NNc. 
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*!!#-F(X.(.
#

"316AA34?9=2648.765.<98=35>8.#?@19=264.
24."3B65=8.67.'39?24H.0123413I.(446C9=264I.94?.E2HG35.#?@19=264.,5H942W9=2648.

 
Rederal support for research and graduate and postdoctoral education should respond to 
the real economic needs of students and promote a wider range of educational options 
responsiIe to national skill needs. Rederal strategies shouldE 
#

!! )nsure that Rederal stipends for graduate and postdoctoral students proIide 
benefits

 
and are competitiIe with opportunities in other IenuesY 

!! DnIest in innoIatiIe approaches to doctoral and master’s education that prepare 
students for a broad range of disciplinary and cross-disciplinary careers in 
academiaK goIernmentK and industryY and  

!! =roIide consistentK long-term support for high-quality disciplinary and 
interdisciplinary doctoral training programs in Sd).  

 
i3ational Science 7oardK !;'/);/%#)7%5)*')//2')*%@-2P$-2;/4%&/#9'6')*%
+3/2';#J(%O-"/)"'#9K 3S7-NQZa T2NNQU 
httpE]]www.nsf.goI]nsb]documents]2NNQ]nsbNQZa]nsbNQZa.pdf. 

 
The O2-$/(('-)#9%!;'/);/%G#("/2J(%I/*2//%concept proIides an alternatiIe for students 
interested in ST). areas but not interested in the lengthy time it takes to obtain a =h.2. 
The concept was launched in 1aac through the help of the Sloan Roundation and the 
Council on CompetitiIeness. TodayK this type of degree is aIailable at [O uniIersities. 
The Administration should strongly adIocate these programs. 
 

i=resident’s Council of AdIisors on Science and TechnologyK 
:orkforce])ducation SubcommitteeK !>("#')')*%"0/%H#"'-)J(%A))-.#"'-)%
5;-(:("/34%&/8-2"%-)%G#')"#')')*%"0/%!"2/)*"0%-$%F>2%!;'/);/%#)7%5)*')//2')*%
E#8#,'9'"'/( T`une 2NN[U 
httpE]]www.ostp.goI]=CAST]RD3AW=CASTS)CA=A7DWDTD)S=ACKA?).pdf. 

 
TAW)3TE 7uild a 3ational DnnoIation )ducation Strategy for a diIerseK innoIatiIe and 
technologically trained workforceE 
 

!! )stablish taS-deductible priIate-sector “inIest in the future” scholarships for 
American Sd) undergraduates 

!! )mpower young American innoIators by creating OKNNN new portable graduate 
fellowships funded by federal Jd2 agencies 

!! )Spand uniIersity-based =rofessional Science .aster’s and traineeships to all 
state uniIersity systems 

!! Jeform Dmmigration to attract the best and the brightest Sd) students from 
around the world and proIide work permits to foreign Sd) graduates of U.S. 
institutions 
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iCouncil on CompetitiIenessK A))-.#"/%+3/2';#4%?02'.')*%')%#%@-297%-$%
E0#99/)*/%#)7%E0#)*/K%3ational DnnoIation DnitiatiIe Jeport T2ecember 2NN[U  
httpE]]www.innoIateamerica.org]webscr]report.asp. 

 
Dncrease the retention rate of undergraduates in scienceK technologyK engineering and 
math maGors by eSpanding programs such as 3SR’s ScienceK TechnologyK )ngineering 
and .athematics Talent )Spansion =rogram TST)= Tech TalentUK and by offering 
programs such as the =rofessional Science .asters that encourage college graduates to 
pursue fields outside of academia that combine science and]or math with industry needs. 
)ncourage priIate sector inIolIement in consortia of industries and uniIersities that 
establish clear metrics to increase the number of graduates. \B'*0/2%57>;#"'-)K%<>(')/((K%
=/7/2#9K%!"#"/] 
 

iU.S Chamber of CommerceK ?#88')*%+3/2';#J(%O-"/)"'#94%?0/%57>;#"'-)%$-2%
A))-.#"'-)%A)'"'#"'./ T2NNOU 
httpE]]www.uschamber.com]publications]reports]NONc2crtap.htm.  

 
Continue to establish and build on professional science masters programs that meet 
specific science and technical managerial workforce needs identified by the federal 
goIernmentK businessK and industry. 
 

iAssociation of American UniIersitiesK 3ational 2efense )ducation and 
DnnoIation DnitiatiIeE .eeting America’s )conomic and Security Challenges in 
the 21st Century T`anuary 2NNZU 
httpE]]www.aau.edu]reports]32)DD.pdf. 

 
The professional master’s degree is a promising new initiatiIe that is shaping graduate 
education in direct response to changing workforce needs in the businessK nonprofitK and 
goIernment sectors. nDn the ST). fieldsK the =S. combines adIanced study with 
professional and interdisciplinary training. The two-year =S. degree includes four basic 
componentsE adIanced science or mathematics courses which comprise approSimately 
two-thirds of requirementsY “plus” courses in business principles and other professional 
skillsK such as written and oral communicationK intellectual propertyK and 
entrepreneurshipY a summer internship in a targeted employment sectorY and a capstone 
proGect often done as part of an interdisciplinary team. =S. programs are specifically 
designed to meet the needs of localK nonacademic employers with input from adIisory 
boards representing the employment sector. nThe combination of adIanced science or 
mathK interdisciplinary eSposureK and professional business skills creates highly adaptable 
graduates interested in innoIation. As suchK the =S. can serIe as a model for 
professional stand-alone master’s degrees in a wide range of fields. nJecommendationE 
Continue to eSpand innoIatiIe professional master’s degrees in order to address pressing 
national needs in such critical fields as mathematicsK scienceK engineeringK social 
sciencesK and humanities. 
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iCouncil of ?raduate SchoolsK 12#7>#"/%57>;#"'-)4 ?0/%<#;P,-)/%-$%+3/2';#)%
E-38/"'"'./)/((%#)7%A))-.#"'-) TApril 2NNcU 
httpE]]www.cgsnet.org]portals]N]pdf]?Jr?rad)dAmComprN[Nc.pdf. 

 
=rofessional Science .asters T=S.U programs are useful tools for helping states meet the 
increasing need for well-trained problem solIers in technology-based industries. =S. is 
an innoIatiIe new graduate degree deIeloped to proIide adIanced training in science or 
mathematics while simultaneously deIeloping workplace skills highly Ialued by 
employers. .any postsecondary institutions andK increasinglyK states are adopting =S. 
as a tool to meet workforce needs. Dn 2NNZK the California State UniIersity TCSUU became 
the first statewide higher education system in the nation to make =S. degrees aIailable 
on multiple campuses. CSU’s =S.-degree programs haIe been deIeloped in concert 
with the growth industries in biotechnologyK medicalK and computational sciences. 
 

i3ational ?oIernor’s AssociationK A))-.#"'-)%+3/2';#4%+%E-38#;"%$-2%
O-("(/;-)7#2:%57>;#"'-) T`uly 2NNcU 
httpE]]www.nga.org]Riles]pdf]NcNcD33BbATDB3=BSTS)C.=2R. 

 
=JB?JA.S AUT9BJDz)2iThe 2irector oof the 3ational Science Roundationp shall 
award grants to [-year institutions of higher education to facilitate the institutions’ 
creation or improIement of professional science master’s degree programs that may 
include linkages between institutions of higher education and industries that employ 
science-trained personnelK with an emphasis on practical training and preparation for the 
workforce in high-need fields. 
 

iU.S. CongressK +3/2';#%EFGO5?5!%+;" T9.J. 22c2UK passed by the U.S. 
Congress and signed by the =resident of the United States TSummer 2NNcU 
httpE]]frwebgate.access.gpo.goI]cgi-
bin]getdoc.cgigdbnamet11NrcongrbillsddocidtfEh22c2enr.tSt.pdf. 

 
 
$%&'(#)**#+',#-.&'-#/00'--'1#20&%,'3#456#4778"#
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