
	Journal	of	Science	Policy	&	Governance	 	OP-ED:	BUILDING	A	BIOECONOMY	WORKFORCE	

	Building	a	Robust	Bioeconomy	Workforce:	A	
	Policy	Approach	to	Bridging	the	Gap	in	
	Undergraduate	Experiential	Learning	
 Julie Ming Liang  1,2  ,  Leah N. Davis  3  ,  Kathryn R. Brink  4  ,  Emily 
 R. Aurand  5 
 1  Interdisciplinary Biological Sciences Graduate Program  and Department of Chemical and Biological 
 Engineering, Northwestern University, Evanston, IL 
 2  Opera Bioscience, Evanston, IL 
 3  Department of Biomedical Engineering, Rowan University,  Glassboro, NJ 
 4  Center for International Security and Cooperation,  Stanford University, Stanford, CA 
 5  Engineering Biology Research Consortium, Emeryville,  CA 
 https://doi.org/10.38126/JSPG230106 
 Corresponding author:  julie@operabioscience.com 
 Keywords: experiential learning; bioeconomy, biomanufacturing; STEM education; STEM workforce 
 development; community colleges; Executive Order 

	Executive	 	Summary:	  The  U.S.  bioeconomy  is  rapidly  expanding  and  is  expected  to  open  the 
 door  to  over  a  million  jobs  by  2030.  Experiential  learning,  also  known  as  “learning  by  doing”, 
 is  a  critical  component  of  education  and  training  for  workers  entering  the  bioeconomy.  To 
 prepare  students  with  the  skills  they  need  to  succeed  in  the  bioeconomy  workforce,  we 
 recommend  that  the  NSF  create  a  center  to  develop  experiential  learning  opportunities  in 
 biotechnology  and  biomanufacturing  in  four-year  undergraduate  degree  programs.  These 
 recommendations  include  prioritizing  project-based  learning  labs  and  providing  coordination 
 and  �inancial  support  for  industry  internships  that  enable  students  to  tackle  industry-relevant 
 problems with hands-on projects. 

	I.	Introduction	
 The  �ield  of  engineering  biology  is  enabling  the 
 development  of  innovative  technologies  and 
 sustainable  alternatives  for  biomedicine, 
 manufacturing,  agriculture,  and  environmental 
 remediation.  The  bioeconomy–of  which  engineering 
 biology  is  a  core  part–is  projected  to  contribute  up  to 
 $4  trillion  yearly  to  the  global  economy  in  the 
 coming  decades  and  could  support  1.1  million  jobs 
 in  the  United  States  alone  (Chui  et  al.  2020).  To 
 realize  the  transformative  potential  of  engineering 
 biology,  the  United  States  needs  to  train  a  workforce 
 that  can  meet  growing  demands.  Central  to  achieving 
 this  is  prioritizing  equity  and  sustainability  to 
 overcome  systemic  barriers  and  ensure  equal 
 opportunities.  President  Biden  called  attention  to 
 this  need  in  a  recent  Executive  Order,  directing 
 agencies  to  develop  a  plan  to  expand  access  to 

 education  and  training  opportunities  in 
 biotechnology  and  biomanufacturing  (The  White 
 House  2022).  The  plan,  released  earlier  this  year, 
 recommended  bolstering  programs  that  center 
 experiential  learning  to  train  both  technical  and 
 professional  (soft)  skills.  However,  these 
 recommendations  were  primarily  focused  at 
 community  colleges,  with  less  focus  toward 
 improving  access  to  such  programs  at  4-year 
 Bachelor’s institutions (The White House 2023). 

 Experiential  learning,  or  “learning  by  doing,”  is  a 
 method  of  teaching  that  requires  students  both 
 actively  engage  and  self-re�lect  on  the  learning 
 experience  to  gain  a  better  understanding  of  the 
 knowledge  (Kolb  1984).  Common  examples  of 
 experiential  learning  include  on-the-job  training, 
 laboratory  classes,  research  theses,  or  internships. 
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 Experiential  learning  varies  in  form,  focus,  and  depth 
 depending  on  training  goals  and  needs  but  both  the 
 technical  (at  the  bench  or 	in	 	silico	 )  and 
 professional/soft  skills  (communication,  teamwork, 
 etc.)  gained  from  in-the-lab  experiences  are  key  to 
 securing  a  job  in  the  engineering  biology  industry 
 post-graduation. 

 However,  not  all  4-year  Bachelor’s  graduates  receive 
 the  necessary  experiential  learning  training  for  the 
 technical  and  professional  skills  required  of  the  roles 
 they  are  expected  to  �ill.  For  example,  one  survey 
 conducted  by  the  Mid-Atlantic  Biology  Research  and 
 Career  Network  found  that  55%  and  45%  employers 
 identi�ied  professional/soft  and  technical  skills 
 de�iciencies  among  applicants  for  entry-level  jobs 
 (Thompson  et  al.  2018).  In  another  survey  of  life 
 sciences  companies,  31%  of  respondents  said  that 
 the  lack  of  applicants  with  the  necessary  scienti�ic  or 
 professional  skills  was  a  signi�icant  obstacle  to  hiring 
 (MassBioEd  2019).  This  �inding  was  further  af�irmed 
 by  our  own  engagement  with  industry  and  academic 
 subject  matter  experts  in  the  Engineering  Biology 
 Research  Consortium,  a  non-pro�it,  public-private 
 partnership  dedicated  to  advancing  engineering 
 biology to address national and global needs. 

 While  4-year  institutions  do  offer  or  encourage 
 experiential  learning  opportunities,  these  are  often 
 extracurricular  and  underutilized.  Senior  theses  or 
 capstone  projects  are  common  mechanisms  by 
 which  experiential  learning  is  incorporated  into 
 Bachelor’s  degree  programs;  however,  an  NSF  survey 
 found  that,  while  over  80%  of  engineering  graduates 
 participated  in  a  “culminating  senior  experience,” 
 only  53%  of  biological  and  biomedical  sciences 
 graduates  did  the  same  (NCES  n.d.).  Internships  and 
 undergraduate  research  experiences  provide  the 
 most  relevant  hands-on  training  for  students,  yet 
 that  same  survey  found  that  only  28%  and  39%  of 
 biological  and  biomedical  sciences  majors 
 participated  in  internships  (paid  or  unpaid, 
 respectively),  and  fewer  than  half  reported 
 participating  in  a  research  project  with  a  faculty 
 member.  In  addition,  these  forms  of  extensive 
 experiential  learning  are  not  always  accessible  to  all 
 students,  resulting  in  inequitable  educational 
 training.  In  another  survey  of  over  1,500  students 
 across  5  universities,  64%  of  students  who  did  not 
 participate  in  internships  reported  that  although 
 they  wanted  to,  they  faced  barriers  that  included 

 economic  considerations  (needing  to  work  a  full-  or 
 part-time  job  or  insuf�icient  internship  pay)  and 
 heavy  courseloads  (Hora  et  al,  2019).  Other  studies 
 found  similar  barriers  to  participation  for  both 
 internships  and   undergraduate  research 
 opportunities,  which  are  ampli�ied  for 
 underrepresented  or  marginalized  students 
 (Thompson,  Perez-Chavez  and  Fetter  2021; 
 Wolfgram,  Vivona  and  Akram  2021;  Shaw  and 
 Bergson  2022).  Finally,  there  has  been  a  shift  away 
 from  the  methods-based,  “cookbook”  style  biology 
 laboratory  classes  that  are  traditionally  required  in 
 biological  sciences  toward  classes  that  better 
 replicate  authentic  research  experiences  (National 
 Research  Council  2003).  Traditional,  methods-based 
 labs  engage  students  at  a  low  level  intellectually  and 
 inaccurately  represent  the  process  of  scienti�ic 
 research  (Brownell  et  al.  2012).  As  a  result,  a 
 substantial  fraction  of  students,  particularly  those 
 from  underrepresented  groups,  are  exiting  with  a 
 Bachelor’s  degree  without  the  technical  and 
 professional  skills  gained  through  extensive 
 experiential  learning  experiences  that  are  required 
 to secure a job in industry.  

 Federal  funding  has  played  a  pivotal  role  in 
 coordinating  technical  and  professional  education 
 for  the  biotechnology  workforce  at  primarily  two- 
 and  four-year  institutions.  Most  recently,  this 
 coordination  has  come  via  the  NSF-funded 
 InnovATE 	BIO	  network  which  has  over  100  members 
 that  primarily  offer  2-year  biotechnology-relevant 
 certi�icates  or  degrees  (InnovATEBIO  National 
 Center  for  Biotechnology  Education  2019).  Notably, 
 a  requirement  for  membership  in  the  InnovATE 	BIO	
 network  is  that  programs  provide  experiential 
 learning  in  the  form  of  research  or  industry 
 internships  that  enable  students  to  work  in  a  real 
 laboratory  setting,  underscoring  the  importance  of 
 this  type  of  training.  Through  this  and  similar  efforts, 
 community  colleges  have  streamlined  the  training 
 necessary  for  jobs  in  the  bioeconomy,  such  that 
 employers  are  hiring  students  out  of  the  programs 
 even  before  they  graduate  (California  Community 
 College's  2022).  Such  community  college  programs 
 provide  key  models  for  how  industry-relevant 
 experiential  learning  can  be  successfully  integrated 
 into  biotechnology  programs,  such  as  by  partnering 
 with  local  companies  to  design  a  curriculum  relevant 
 to  local  biotechnology  jobs.  For  example,  the  Santa 
 Fe  Community  College  biotechnology  program 
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 focuses  on  algae  to  speci�ically  prepare  graduates  for 
 roles  in  local  algal  biomass  and  chemical  production 
 companies,  like  Apogee  Spirulina  and  Eldorado 
 Biofuels  (Santa  Fe  Community  College  n.d.).  Other 
 community  colleges  have  industry  advisory  boards 
 (IABs)  of  local  industry  and  academic 
 representatives  that  meet  regularly  to  improve  the 
 training  and  curriculum  of  the  program.  Solano 
 Community  College’s  (SCC’s)  biotechnology  program 
 is  an  illustration  of  how  industry-academic 
 coordination  with  an  IAB  can  lead  to  innovative 
 educational  training  (Solano  Community  College 
 n.d.).  For  over  20  years,  SCC  has  partnered  with  local 
 biotechnology  companies  to  develop  an  educational 
 training  program  where  students  learn  not  only  the 
 conceptual  underpinnings  of  laboratory  techniques, 
 but  also  the  transferable  technical  skills  required  to 
 maintain  regulatory  records  and  run  state-of-the-art 
 equipment. 	To	 	train	 	students	 	with	 	the	 	necessary	
	hands-on	 	skills	 	they	 	need	 	to	 	succeed	 	in	 	the	
	growing	 	bioeconomy,	 	the	 	NSF	 	should	 	facilitate	
	creation	 	of	 	a	 	center	 	for	 	four-year	 	institutions	
	focused	 	on	 	improving		access		to		and		engagement	
	in	extensive	experiential	learning	opportunities.		

	II.	Recommendation	
 We  recommend  that  NSF  create  a  center,  named 
 Bioeconomy  Workforce  Readiness  for 
 Undergraduates  Center  (BWRUC),  focused  on 
 providing  access  to  extensive  experiential  learning 
 opportunities  for  undergraduates  at  four-year 
 institutions.  Such  a  center  would  serve  a  similar 
 function  to  NSF’s  existing  InnovATE 	BIO	  network  or 
 its  recently  announced  Experiential  Learning  for 
 Emerging  and  Novel  Technologies  (ExLENT) 
 program,  but  would  focus  on  bridging  the 
 experiential  learning  gap  of  students  at  4-year 
 institutions  in  biotechnology  and  biomanufacturing 
 (NSF  n.d.).  The  center  could  be  supported  through 
 the  Directorate  for  Technology,  Innovation,  and 
 Partnerships  (TIP)  and  could  be  developed  in 
 collaboration  with  Manufacturing  Innovation 
 Institutes  such  as  BioMADE,  BioFABUSA,  and 
 NIIMBL,  which  can  leverage  existing  academic  and 
 industry  networks  to  support  collaboration  between 
 these  sectors.  This  center  would  create  a  community 
 of  academic  colleges  and  universities  and  serve  as  an 
 avenue  to  support  the  development  and 
 dissemination  of  scalable  models  for  classroom  and 
 internship-based experiential learning.  

	i.	Project-based	learning	
 The  BWRUC  should  support  projects  to  develop 
 scalable  experiential  learning  opportunities  for 
 undergraduates.  Speci�ically,  the  center  should 
 prioritize  the  funding  of  curriculum  development  for 
 project-based  learning  (PBL)  labs  that  meet  industry 
 needs  ,  which  could  be  in  the  form  of  grants  to 
 revamp  existing  methods-based  labs.  Industry 
 should  be  involved  in  the  curriculum  design  and 
 implementation  process,  including  serving  in  an 
 advisory  capacity  for  research  projects,  and 
 curriculum  development  should  be  coupled  with 
 assessments  that  measure  impact  on  student  skills 
 development  and  job  outcomes.  PBL  labs  are  known 
 by  other  names  and  variations,  such  as 
 “inquiry-based”,  “research-based”,  “discovery-based” 
 labs  or  Course-based  Undergraduate  Research 
 Experience  (CURE),  but  the  general  intent  is  the 
 same  across  all  of  them.  With  PBL  and  similar  labs, 
 the  traditional  methods-based,  “cookbook”  
 laboratory  course  is  transformed  into  a  project-  or 
 research-based  lab  where  students  learn  laboratory 
 techniques  through  a  long-term  project.  While  most 
 instructional  learning  labs  teach  students  common 
 molecular  biology  techniques,  they  are  often  taught 
 as  one-off,  standalone  lessons  that  do  not  connect 
 from  week  to  week.  One  week  may  focus  on  running 
 a  PCR  reaction  and  analyzing  it  on  an  agarose  gel  and 
 the  next  week  may  be  a  protein  gel  with  protein 
 samples,  with  neither  the  DNA  nor  protein  samples 
 related  to  each  other.  On  the  other  hand,  PBL  labs 
 feature  a  continuous,  course-long  project  with  a  goal 
 in  which  students  use  multiple  techniques  in  a 
 sequence  to  answer  a  hypothesis  or  solve  a  problem, 
 such  as  cloning  a  mutant  gene  and  expressing  it  in 	E.	
	coli	  to  purify  and  study.  PBL  labs  are  thus  a  more 
 effective  form  of  teaching  laboratory  methods 
 compared  to  traditional  methods-based  laboratory 
 courses  (Fukami  et  al.  2012;  Movahedzadeh  et  al. 
 2012;  Berchiolli,  Movahedzadeh  and  Cherif  2018;  Li 
 et  al.  2019).  In  addition,  PBL  labs  ensure  that  all 
 students  are  receiving  experiential  learning  training 
 within  the  academic  environment,  thus  promoting 
 equity  by  removing  obstacles  tied  to  students' 
 capacities  or  access  to  external  activities  such  as 
 internships.  The  most  signi�icant  barriers  to 
 implementing  a  PBL  lab  is  the  time  to  develop  course 
 materials  and  scaling  to  larger  class  sizes  (Spell  et  al. 
 2014).  Nonetheless,  instructors  at  universities 
 across  the  nation  have  successfully  implemented 
 such  programs  at  scales  up  to  ten  30-student  labs 

 www.sciencepolicyjournal.org  JSPG, Vol. 23, Issue 1, October 2023 

http://www.sciencepolicyjournal.org/


	Journal	of	Science	Policy	&	Governance	 	OP-ED:	BUILDING	A	BIOECONOMY	WORKFORCE	

 and  created  frameworks  with  easily  adaptable 
 course  material  to  reduce  the  barriers  to  adaptation 
 (Regassa  et  al.  2007;  Gormally  et  al.  2011;  Treacy  et 
 al.  2011;  Baskhi,  Patrick  and  Wischusen  2016; 
 Mordacq et al. 2017; Shuster et al. 2019).  

 PBL  labs  should  ideally  establish  and  foster 
 collaboration  between  curriculum  developers  and 
 industry  partners.  By  coordinating  with  industry, 
 curriculum  developers  can  design  courses  that 
 engage  students  in  real-world  problems,  leading  to  a 
 high-impact  learning  experience.  The  “Engineering 
 Clinic”  program  at  Rowan  University  is  a  model 
 example:  this  program  requires  students  in  all  of 
 their  engineering  departments,  including  biomedical 
 engineering,  to  take  a  4-year  series  of  courses 
 dedicated  to  research,  project  design,  and  laboratory 
 experiments  (Rowan  University  n.d.).  In  the  �irst  two 
 years,  students  complete  semester-long  projects 
 through  courses  that  teach  basic  engineering  design 
 principles  and  laboratory  skills.  In  the  second  two 
 years,  students  complete  an  independent  project  in 
 an  academic  lab  that  can  be  sponsored  by  an 
 industry  partner.  Students  are  expected  to  treat  this 
 course  as  a  professional  role  while  learning  both 
 technical  and  soft  skills,  such  as  how  to  work 
 collaboratively  in  teams.  Assessing  the  ef�icacy  of 
 this  and  similar  models,  like  CUREs  at  Northwestern 
 and  Louisiana  State  University,  and  developing 
 approaches  to  scale  for  other  undergraduate 
 institutions  should  be  a  core  focus  of  the  center  so 
 that  students  develop  key  skills  that  prepare  them 
 for  their  future  careers  (Bakshi,  Patrick,  and 
 Wischusen 2016; Mordacq et al. 2017). 

	ii.	Internships	
 In  addition,  the  center  should  provide  coordination 
 and  �inancial  support  for  paid  industry  internships  , 
 including  co-op  programs.  Industry  internships 
 provide  students  with  direct  experience  working  in  a 
 start-up  or  corporate  environment  and  play  an 
 important  role  in  developing  the  skills  and 
 connections  required  for  job  placements.  Moreover, 
 it's  vital  to  emphasize  that  many  students,  especially 
 those  from  underserved  backgrounds,  often  miss  out 
 on  these  enriching  experiences  due  to  �inancial 
 constraints.  Addressing  this  �inancial  barrier  is 
 essential  to  level  the  playing  �ield  and  ensure  that  all 
 aspiring  students  have  equitable  access  to  these 
 career-launching  opportunities.  Institutes  of  higher 
 education  are  incentivized  to  develop  internship 

 programs:  in  a  survey  of  college  freshmen,  students 
 indicated  that  they  are  more  eager  to  attend 
 universities  that  land  their  graduates  good  jobs 
 (Stolzenberg  et  al.  2020).  Industry  bene�its  from  the 
 expansion  of  internships  programs  by  being  able  to 
 access  a  larger  pool  of  workers  with  relevant  skill 
 sets. 

 The  BWRUC  should  develop  internship  models, 
 evaluate  their  impact  on  job  placements,  and  create 
 resources  to  support  the  implementation  of  effective 
 models  across  institutes  of  higher  education.  At 
 individual  colleges  or   universities,  models  could 
 include  integrating  co-op  programs  –  where  students 
 work  as  paid  employees  or  af�iliates,  full-time  for  a 
 company  for  a  number  of  months  –  into 
 undergraduate  degree  plans.  For  example, 
 Northwestern  University  offers  an  optional  co-op 
 program,  which  placed  nearly  30%  of  participants 
 across  engineering  disciplines  in  biotechnology 
 internships  during  the  2018-2019  school  year 
 (Northwestern  McCormick  School  of  Engineering 
 2019).  The  BWRUC  should  also  consider  piloting  a 
 centralized  internship  program  in  which  the  center 
 itself  coordinates  student  placements  at  a  set  of 
 participating  companies.  Such  a  program  could  be 
 particularly  useful  for  smaller  companies  that  might 
 otherwise  lack  the  resources  to  host  interns.  EBRC 
 coordinates  a  similar  internship  program  for  PhD 
 students  that  has  historically  seen  engagement  from 
 smaller  companies  and  startups  (EBRC  n.d.). 
 Programs  like  this  one  should  be  developed  for 
 undergraduates  in  engineering  biology.  These 
 programs  would  primarily  connect  with  life  science 
 and  adjacent  departments  rather  than  with 
 university  career  centers  for  more  targeted  outreach. 
 Finally,  the  BWRUC  should  offer  mechanisms  to  fund 
 internships  to  reduce  barriers  to  participation  for 
 underrepresented  groups.  NSF  has  already 
 developed  funded,  non-academic  internship 
 programs  for  PhD  students.  The  BWRUC  should 
 consider  offering  a  similar  program,  or  even  require 
 that  all  internships  in  association  with  the  center  be 
 paid, to achieve equity goals. 

 By  supporting  the  development  of  internship 
 programs,  the  center  will  be  able  to  assess  the 
 ef�icacy  of  internship  programs  for  undergraduate 
 training,  determine  mechanisms  to  incentivize 
 student  participation,  and  develop  resources  and 
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 programs  that  enable  universities  to  more  readily 
 offer internship opportunities to their students. 
   
	III.	Implementation	
 Creating  change  in  academic  systems  can  take  time. 
 At  its  inception,  InnovATE 	BIO	  had  the  advantage  of 
 leveraging  an  existing  network  of  institutions  built 
 over  20  years.  To  accelerate  its  impact,  the  BWRUC 
 should  start  by  building  on  established  networks  of 
 organizations  offering  four-year  degree  programs. 
 These  networks  include  the  Engineering  Biology 
 Research  Consortium  and  biomanufacturing-focused 
 Manufacturing  Innovation  Institutes.  Each  of  these 
 organizations  also  has  extensive  industry 
 participation  that  can  be  leveraged  to  ensure  that 
 programs  developed  via  the  center  are  aligned  with 
 industry  needs.  Measurements  of  skills 
 development,  student  participation  in  internships 
 and  undergraduate  research  experiences,  and  job 
 placements  post-graduation  are  some  ways  to  assess 
 the  impact  of  programs  developed  via  the  center. 
 Impact  can  also  be  measured  by  the  number  of 

 institutions  participating  in  the  center  and  the  extent 
 to  which  these  institutions  implement  experiential 
 learning  programs,  such  as  PBL  labs  or  internship 
 placement programs.  

 Government  has  a  vested  interest  in  maximizing 
 equitable  bene�it  from  biotechnology;  education  and 
 training  pathways  that  facilitate  entry  into  the  job 
 market  could  enable  engineering  biology  to  more 
 ef�iciently  advance  sustainability  and  equity  goals 
 (EBRC  2022).  In  5  years  and  with  $8  million  in 
 funding,  InnovATE 	BIO	  institutions  have  created 
 programs  that  have  placed  students  at  over  750 
 employers  in  1400  locations  across  the  United 
 States.  With  similar  investments,  the  BWRUC  can 
 help  advance  undergraduate  education  to  improve 
 job  readiness  and  advance  the  bioeconomy. 	As	
	federal	 	agencies	 	implement	 	plans	 	to	 	support	
	education	 	and	 	training,	 	initiatives	 	that	 	foster	
	academia-industry	 	coordination	 	and	 	expand	
	access	 	to	 	experiential	 	learning	 	should	 	be	 	key	
	priorities	 	to	 	secure	 	the	 	future	 	promised	 	by	
	engineering	biology.	

	References	
 Bakshi,  Arundhati,  Lorelei  E.  Patrick,  and  E.  William 

 Wischusen.  2016.  “A  Framework  for  Implementing 
 Course-Based  Undergraduate  Research  Experiences 
 (CUREs)  in  Freshman  Biology  Labs.” 	The		American	
	Biology	Teacher	 78, no. 6: 448–55. 
 https://doi.org/10.1525/abt.2016.78.6.448  . 

 Berchiolli,  Barbara,  Farahnaz  Movahedzadeh,  and  Abour 
 Cherif.  2018.  “Assessing  Student  Success  in  a 
 Project-Based  Learning  Biology  Course  at  a 
 Community  College.” 	The	 	American	 	Biology	
	Teacher	 80 (1): 6–10. 
 https://doi.org/10.1525/abt.2018.80.1.6  . 

 Centers  of  Excellence  for  Labor  Market  Research,  California 
 Community  College’s,  October  17  2022. 
 “Biotechnology  Skilled  Technical  Workforce  Needs 
 Assessment.” 
 https://coeccc.net/california/2022/10/biotechnol 
 ogy-5/  . 

 Chui,  Michael,  Matthias  Evers,  James  Manyika,  Alice  Zheng, 
 and  Travers  Nisbel.  2020.  “The  Bio  Revolution: 
 Innovations  transforming  economies,  societies, 
 and  our  lives.”  McKinsey  Global  Institute,  May 
 2020. 
 https://www.mckinsey.com/~/media/mckinsey/i 
 ndustries/pharmaceuticals%20and%20medical% 
 20products/our%20insights/the%20bio%20revol 
 ution%20innovations%20transforming%20econo 
 mies%20societies%20and%20our%20lives/may_ 
 2020_mgi_bio_revolution_report.pdf  . 

 Engineering  Biology  Research  Consortium  (EBRC),  n.d. 
 “Industry  Internship  Program.”  Accessed  May  28, 
 2023. 
 https://ebrc.org/programs/internship/  .  

 Brownell,  Sara  E.,  Matthew  J.  Kloser,  Tadishi  Fukami,  Rich 
 Shavelson.  2012.  “Undergraduate  Biology  Lab 
 Courses:  Comparing  the  Impact  of  Traditionally 
 Based  "Cookbook"  and  Authentic  Research-Based 
 Courses  on  Student  Lab  Experiences.” 	National	
	Science	Teaching	Association	 , March 1, 2012. 
 https://my.nsta.org/resource/5674  .  

 Gormally,  Cara,  Peggy  Brickman,  Brittan  Hallar,  and  Norris 
 Armstrong.  “Lessons  Learned  about  Implementing 
 an  Inquiry-Based  Curriculum  in  a  College  Biology 
 Laboratory  Classroom.”  Journal  of  College  Science 
 Teaching, December 31, 2010. 
 https://eric.ed.gov/?id=EJ921522  .  

 Hinman,  Albert  W.  and  Douglas  C.  Friedman.  2022.  “Actions 
 to  Enable  an  Equitable  and  Innovative  U.S. 
 Bioeconomy.” 	Engineering	 	Biology	 	Research	
	Consortium	(EBRC)	 . 
 https://doi.org/10.25498/E4X59D  . 

 Hora,  Matthew  T.,  Matthew  Wolfgram,  and  Zi  Chen.  2019. 
 “Closing  the  doors  of  opportunity:  How  �inancial, 
 sociocultural  and  institutional  barriers  intersect  to 
 inhibit  participation  in  college  internships.” 	WCER	
 Working Paper No. 2019-8. 
 http://www.wcer.wisc.edu/publications/working- 
 papers  .  

 www.sciencepolicyjournal.org  JSPG, Vol. 23, Issue 1, October 2023 

https://doi.org/10.1525/abt.2016.78.6.448
https://doi.org/10.1525/abt.2018.80.1.6
https://coeccc.net/california/2022/10/biotechnology-5/
https://coeccc.net/california/2022/10/biotechnology-5/
https://www.mckinsey.com/~/media/mckinsey/industries/pharmaceuticals%20and%20medical%20products/our%20insights/the%20bio%20revolution%20innovations%20transforming%20economies%20societies%20and%20our%20lives/may_2020_mgi_bio_revolution_report.pdf.
https://www.mckinsey.com/~/media/mckinsey/industries/pharmaceuticals%20and%20medical%20products/our%20insights/the%20bio%20revolution%20innovations%20transforming%20economies%20societies%20and%20our%20lives/may_2020_mgi_bio_revolution_report.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/pharmaceuticals%20and%20medical%20products/our%20insights/the%20bio%20revolution%20innovations%20transforming%20economies%20societies%20and%20our%20lives/may_2020_mgi_bio_revolution_report.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/pharmaceuticals%20and%20medical%20products/our%20insights/the%20bio%20revolution%20innovations%20transforming%20economies%20societies%20and%20our%20lives/may_2020_mgi_bio_revolution_report.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/pharmaceuticals%20and%20medical%20products/our%20insights/the%20bio%20revolution%20innovations%20transforming%20economies%20societies%20and%20our%20lives/may_2020_mgi_bio_revolution_report.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/pharmaceuticals%20and%20medical%20products/our%20insights/the%20bio%20revolution%20innovations%20transforming%20economies%20societies%20and%20our%20lives/may_2020_mgi_bio_revolution_report.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/pharmaceuticals%20and%20medical%20products/our%20insights/the%20bio%20revolution%20innovations%20transforming%20economies%20societies%20and%20our%20lives/may_2020_mgi_bio_revolution_report.pdf
https://ebrc.org/programs/internship/
https://my.nsta.org/resource/5674
https://eric.ed.gov/?id=EJ921522
https://doi.org/10.25498/E4X59D
http://www.wcer.wisc.edu/publications/working-papers
http://www.wcer.wisc.edu/publications/working-papers
http://www.sciencepolicyjournal.org/


	Journal	of	Science	Policy	&	Governance	 	OP-ED:	BUILDING	A	BIOECONOMY	WORKFORCE	

 InnovATEBIO  National  Center  for  Biotechnology  Education, 
 n.d.  “InnovATEBIO  and  the  Bio-Link  Community.” 
 Accessed  May  28,  2023. 
 https://innovatebio.org/about  .  

 Kolb,  David  A.  1984. 	Experiential	 	learning:	 	Experience	 	as	
	the	 	source	 	of	 	learning	 	and	 	development	 . 
 Englewood Cliffs: Prentice-Hall.  

 Li,  Bing,  Xiaotao  Jia,  Yuxia  Chi,  Xinli  Liu  and  Baolei  Jia.  2019. 
 “Project-based  learning  in  a  collaborative  group  can 
 enhance  student  skill  and  ability  in  the 
 biochemical  laboratory:  a  case  study.” 	Journal	 	of	
	Biological	Education	 54:4, 404-418. 
 https://doi.org/10.1080/00219266.2019.1600570  . 

 Lo,  Stanley  M.,  and  John  C.  Mordacq.  “Course-Based 
 Undergraduate  Research  Experiences  (Cures)  in 
 Biological  Sciences.” 	Active	 	Learning	 	in	 	College	
	Science	 , February 24, 2020, 467–79. 
 https://doi.org/10.1007/978-3-030-33600-4_29  .   

 MassBioEd,  December,  2019.  "2019  Massachusetts  Life 
 Sciences Employment Outlook." 
 https://massbioed.app.neoncrm.com/np/clients/ 
 massbioed/product.jsp?product=3&  .  

 Mordacq,  John  C,  Denise  L  Drane,  S.  Swarat,  Stanley  M  Lo. 
 2017.  “Development  of  course-based 
 undergraduate  research  experiences  using  a 
 design-based  approach.” 	Journal		of	 	College		Science	
	Teaching	 , 	46	 (4), 64-75. 
 https://my.nsta.org/resource/?id=10.2505/4/jcst1 
 7_046_04_64  .  

 Movahedzadeh,  Farahnaz,  Ryan  Patwell,  Jenna  E.  Rieker,  and 
 Trinidad  Gonzalez.  2012.  “Project-Based  Learning 
 to  Promote  Effective  Learning  in  Biotechnology 
 Courses.” 	Education	 	Research	 	International	  vol. 
 2012, Article ID 536024. 
 https://doi.org/10.1155/2012/536024  .  

 National  Research  Council.  2003.  “BIO2010:  Transforming 
 Undergraduate  Education  for  Future  Research 
 Biologists.”  Washington,  DC:  The  National 
 Academies Press. 
 https://doi.org/10.17226/10497  .  

 National  Center  for  Education  Statistics  (NCES),  n.d. 
 “Baccalaureate  and  beyond  Longitudinal  Study 
 (B&B).” Accessed May 28, 2023. 
 https://nces.ed.gov/surveys/b&b/index.asp  . 

 Northwestern  McCormick  School  of  Engineering.  2019. 
 “Northwestern  Engineering  Career  Development 
 Undergraduate Co-Ops.” Accessed May 28, 2023. 
 https://www.mccormick.northwestern.edu/career- 
 development/documents/undergradcoop_1718.pdf 

 National  Science  Foundation  (NSF).  n.d.  “Experiential 
 Learning  for  Emerging  and  Novel  Technologies 
 (Exlent).” Accessed July 17, 2023. 
 https://new.nsf.gov/funding/opportunities/experie 
 ntial-learning-emerging-novel-technologies  . 

 Regassa,  Laura  B.  and  Alison  I.  Morrison-Shetlar.  2007. 
 “Designing  and  Implementing  a  Hands-On, 
 Inquiry-Based  Molecular  Biology  Course.” 	Journal	
	of	 	College	 	Science	 	Teaching	  v36  n6  p36-41  May 
 2007. 
 https://eric.ed.gov/?id=EJ766670  .  

 Rowan  University,  Henry  M.  Rowan  College  Of  Engineering, 
 n.d. “Engineering Clinics.” Accessed May 28, 2023. 
 https://engineering.rowan.edu/academics/clinics_ 
 new.html  . 

 Santa  Fe  Community  College.  n.d.  “Algae  Cultivation.” 
 Accessed June 13, 2023. 
 https://www.sfcc.edu/programs/algae-2/  . 

 Shaw,  Thomasena,  and  Lisa  Bergson.  2022.  “Access  Delayed 
 Is  Access  Denied:  Barriers  to  Student  Participation 
 in  Internships  .” 	Bridgewater		Review	 ,  vol.  40,  no.  2, 
 December. 
 https://vc.bridgew.edu/br_rev/vol40/iss2/1/  .  

 Shuster,  Michele  I.,  Jennifer  Curtiss,  Timothy  F.  Wright, 
 Camilla  Champion,  Maryam  Shari�i,  Judith  Bosland. 
 2019.  “Implementing  and  evaluating  a 
 course-based  Undergraduate  Research  Experience 
 (CURE)  at  a  Hispanic-serving  Institution.” 
	Interdisciplinary	 	Journal	 	of	 	Problem-Based	
	Learning	 , 13(2). 
 https://doi.org/10.7771/1541-5015.1806  .  

 Solano  Community  College.  n.d.  “Biomanufacturing.” 
 Accessed May 28, 2023. 
 https://welcome.solano.edu/biomanufacturing/  . 

 Spell,  Rachelle  M,  Judith  A  Guinan,  Kristen  R  Miller, 
 Christopher  W  Beck.  2014.  “Rede�ining  authentic 
 research  experiences  in  introductory  biology 
 laboratories  and  barriers  to  their  implementation.” 
	CBE:	 	Life	 	Sciences	 	Education	  Spring;13(1):102-10. 
 https://doi.org/10.1187/cbe.13-08-0169  .  

 Stolzenberg,  Ellen  Bara,  Melissa  C.  Aragon,  Victoria  Couch, 
 Destiny  Mclennan,  M.  Kevin  Eagan,  and  Nathaniel 
 Kang.  2020.  “The  American  Freshman:  National 
 Norms  Fall  2019.”  Edited  by  Edgar  Romo. 
	Cooperative	 	Institutional	 	Research	 	Program	 	and	
	the	 	Higher	 	Education	 	Research	 	Institute	 	at		UCLA	 , 
 2020. 
 https://www.heri.ucla.edu/monographs/TheAmeri 
 canFreshman2019.pdf  .  

 Thompson,  Christopher,  Joseph  Sanchez,  Michael  Smith, 
 Judy  Costello,  Amrita  Madabushi,  Natasha 
 Schuh-Nuhfer,  Rommel  Miranda, 	et	 	al	 .  2018. 
 “Improving  Undergraduate  Life  Science  Education 
 for  the  Biosciences  Workforce:  Overcoming  the 
 Disconnect  between  Educators  and  Industry.” 	CBE:	
	Life	Sciences	Education	 Sep;17(3):es12. 
 https://www.lifescied.org/doi/10.1187/cbe.18-03- 
 0047  .  

 www.sciencepolicyjournal.org  JSPG, Vol. 23, Issue 1, October 2023 

https://innovatebio.org/about
https://doi.org/10.1080/00219266.2019.1600570
https://doi.org/10.1007/978-3-030-33600-4_29
https://massbioed.app.neoncrm.com/np/clients/massbioed/product.jsp?product=3&
https://massbioed.app.neoncrm.com/np/clients/massbioed/product.jsp?product=3&
https://my.nsta.org/resource/?id=10.2505/4/jcst17_046_04_64
https://my.nsta.org/resource/?id=10.2505/4/jcst17_046_04_64
https://doi.org/10.1155/2012/536024
https://doi.org/10.17226/10497
https://nces.ed.gov/surveys/b&b/index.asp
https://www.mccormick.northwestern.edu/career-development/documents/undergradcoop_1718.pdf
https://www.mccormick.northwestern.edu/career-development/documents/undergradcoop_1718.pdf
https://new.nsf.gov/funding/opportunities/experiential-learning-emerging-novel-technologies
https://new.nsf.gov/funding/opportunities/experiential-learning-emerging-novel-technologies
https://eric.ed.gov/?id=EJ766670
https://engineering.rowan.edu/academics/clinics_new.html
https://engineering.rowan.edu/academics/clinics_new.html
https://www.sfcc.edu/programs/algae-2/
https://vc.bridgew.edu/br_rev/vol40/iss2/1/
https://doi.org/10.7771/1541-5015.1806
https://welcome.solano.edu/biomanufacturing/
https://doi.org/10.1187/cbe.13-08-0169
https://www.heri.ucla.edu/monographs/TheAmericanFreshman2019.pdf
https://www.heri.ucla.edu/monographs/TheAmericanFreshman2019.pdf
https://www.lifescied.org/doi/10.1187/cbe.18-03-0047
https://www.lifescied.org/doi/10.1187/cbe.18-03-0047
http://www.sciencepolicyjournal.org/


	Journal	of	Science	Policy	&	Governance	 	OP-ED:	BUILDING	A	BIOECONOMY	WORKFORCE	

 Thompson,  Mindi  N,  Jessica  Perez-Chavez,  and  Anna  Fetter. 
 2021.  “Internship  Experiences  among  College 
 Students  Attending  an  HBC:  A  Longitudinal 
 Grounded  Theory  Exploration.” 	Journal	 	of	 	Career	
	Assessment	 29, no. 4 (2021): 589–607. 
 https://doi.org/10.1177/1069072721992758  .  

 Treacy,  Daniel  J.,  Saumya  M.  Sankaran,  Susannah 
 Gordon-Messer,  Danielle  Saly,  Rebecca  Miller, 
 Stefan  R.  Isaac,  and  Melissa  S.  Kosinski-Collins. 
 “Implementation  of  a  Project-Based  Molecular 
 Biology  Laboratory  Emphasizing  Protein 
 Structure–Function  Relationships  in  a  Large 
 Introductory  Biology  Laboratory  Course.” 
	CBE—Life	 	Sciences	 	Education	  10,  no.  1  (2011): 
 18–24. 
 https://doi.org/10.1187/cbe.10-07-0085  .   

 White  House,  The.  2022.  “Executive  Order  on  Advancing 
 Biotechnology  and  Biomanufacturing  Innovation 

 for  a  Sustainable,  Safe,  and  Secure  American 
 Bioeconomy.” Published September 12, 2022. 
 https://www.whitehouse.gov/brie�ing-room/presi 
 dential-actions/2022/09/12/executive-order-on-ad 
 vancing-biotechnology-and-biomanufacturing-inno 
 vation-for-a-sustainable-safe-and-secure-american- 
 bioeconomy/  .  

 White  House,  The.  2023.  “Building  the  Bioworkforce  of  the 
 Future:  Expanding  Equitable  Pathways  into 
 Biotechnology  and  Biomanufacturing  Jobs.” 
 Published June 2023. 
 https://www.whitehouse.gov/wp-content/uploads 
 /2023/06/Building-the-Bioworkforce-of-the-Future 
 .pdf  . 

 Wolfgram,  Matthew,  Brian  Vivona,  and  Tamanna  Akram. 
 2021.  “On  the  Intersectional  Ampli�ication  of 
 Barriers  to  College  Internships:  A  Comparative  Case 
 Study Analysis.” 	Allen	Press	 November 29, 2021. 
 https://doi.org/10.17763/1943-5045-91.4.457  .  

	Julie	 	Ming	 	Liang	  is  a  biological  sciences  Ph.D.  graduate  from  the  Tullman-Ercek  lab  in  the  Chemical  and 
 Biological  Engineering  department  at  Northwestern  University.  Her  research  sits  at  the  interface  of  biology 
 and  cellular  engineering;  she  studies  the  genetic  regulation  of  a  bacterial  protein  transport  complex  to 
 engineer  a  cost-effective  protein  manufacturing  platform  that  reduces  developmental  timelines  for 
 biologically-derived  products  such  as  therapeutics  and  biomaterials.  She  founded  a  company  based  on  her 
 research,  Opera  Bioscience,  and  pursued  science  policy  to  improve  and  expand  STEM  education,  having 
 experienced limited opportunities to have joy with science in school. 

	Leah	 	N.	 	Davis	  is  a  Biomedical  Engineering  Ph.D.  candidate  at  Rowan  University,  conducting  research  in 
 synthetic  biology,  systems  biology,  and  immunoengineering.  Her  work  centers  on  engineering  mammalian 
 whole  cell-based  biosensors  and  developing  synthetic  biology  tools  for  applications  in  immunoengineering. 
 Additionally,  she  translates  the  foundational  principles  of  designing  these  biosensors  and  tools  into 
 computational  methodologies,  with  the  goal  of  propelling  the  �ields  of  computational  oncology  and 
 computational synthetic biology. 

	Kathryn	 	R.	 	Brink	  was  a  Postdoctoral  Fellow  in  Biotechnology  Innovation  &  International  Security  at  the 
 Stanford  Center  for  International  Security  and  Cooperation  (CISAC)  and  earned  her  Ph.D.  in  Systems, 
 Synthetic,  and  Physical  Biology  from  Rice  University.  Kathryn  has  since  started  a  position  as  Associate 
 Director for the Executive Of�ice at BioMADE. 

	Emily	 	R.	 	Aurand	  is  the  Director  of  Roadmapping  and  Education  at  the  Engineering  Biology  Research 
 Consortium  and  the  principal  editor  of  the  EBRC  technical  research  roadmaps.  She  also  leads  EBRC's 
 education,  workforce,  and  outreach  activities,  including  the  Industry  Internship  Program.  Emily  has  a  Ph.D.  in 
 Neuroscience  from  the  University  of  Colorado  and  was  an  AAAS  Science  &  Technology  Policy  Fellow 
 (2016-2018) 

	Acknowledgements	
 We  would  like  to  extend  our  gratitude  to  Becky  Mackelprang,  Beth  Vitalis,  Mark  Styczynski,  Natalie  Kuldell, 
 Melissa  Takahashi,  Sandra  Porter,  Terry  Johnson,  Tom  Tubon  and  the  EBRC  Education  Working  Group  for 
 their  invaluable  feedback,  which  played  a  crucial  role  in  shaping  this  report.  We  would  also  like  to  thank  our 
 editors,  Dilara  Kiran,  Joseph  Long,  and  Ethan  FitzGerald,  for  helping  us  transform  our  manuscript  to  its  �inal 
 form. 

 www.sciencepolicyjournal.org  JSPG, Vol. 23, Issue 1, October 2023 

https://doi.org/10.1177/1069072721992758
https://doi.org/10.1187/cbe.10-07-0085
https://www.whitehouse.gov/briefing-room/presidential-actions/2022/09/12/executive-order-on-advancing-biotechnology-and-biomanufacturing-innovation-for-a-sustainable-safe-and-secure-american-bioeconomy/
https://www.whitehouse.gov/briefing-room/presidential-actions/2022/09/12/executive-order-on-advancing-biotechnology-and-biomanufacturing-innovation-for-a-sustainable-safe-and-secure-american-bioeconomy/
https://www.whitehouse.gov/briefing-room/presidential-actions/2022/09/12/executive-order-on-advancing-biotechnology-and-biomanufacturing-innovation-for-a-sustainable-safe-and-secure-american-bioeconomy/
https://www.whitehouse.gov/briefing-room/presidential-actions/2022/09/12/executive-order-on-advancing-biotechnology-and-biomanufacturing-innovation-for-a-sustainable-safe-and-secure-american-bioeconomy/
https://www.whitehouse.gov/briefing-room/presidential-actions/2022/09/12/executive-order-on-advancing-biotechnology-and-biomanufacturing-innovation-for-a-sustainable-safe-and-secure-american-bioeconomy/
https://www.whitehouse.gov/wp-content/uploads/2023/06/Building-the-Bioworkforce-of-the-Future.pdf
https://www.whitehouse.gov/wp-content/uploads/2023/06/Building-the-Bioworkforce-of-the-Future.pdf
https://www.whitehouse.gov/wp-content/uploads/2023/06/Building-the-Bioworkforce-of-the-Future.pdf
https://doi.org/10.17763/1943-5045-91.4.457
http://www.sciencepolicyjournal.org/

