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Results	  from	  the	  AIChE	  Education	  Annual	  Survey:	  Chemical	  Engineering	  Electives	  
	  
Abstract	  
	  
The	  AIChE	  Education	  Division	  survey	  committee	  continues	  the	  tradition	  of	  an	  
annual	  national	  survey	  to	  better	  understand	  the	  current	  state	  of	  a	  particular	  aspect	  
of	  the	  chemical	  engineering	  curriculum.	  	  In	  2013,	  the	  committee	  asked	  departments	  
about	  chemical	  engineering	  electives.	  	  This	  paper	  summarizes	  the	  results	  from	  the	  
multiple	  choice	  survey	  as	  well	  as	  from	  selected	  answers	  to	  a	  long-‐form	  follow	  up	  
survey	  sent	  to	  volunteer	  departments.	  	  	  
	  
We	  defined	  “chemical	  engineering	  electives”	  as	  courses	  offered	  by	  the	  chemical	  
engineering	  department	  or	  faculty	  that	  may	  be	  taken	  by	  undergraduate	  students	  but	  
are	  not	  specifically	  required	  in	  order	  to	  graduate.	  	  The	  word	  that	  best	  fits	  chemical	  
engineering	  electives	  is	  “diverse”.	  	  It	  might	  be	  argued	  that	  the	  most	  clear	  
differentiator	  among	  chemical	  engineering	  undergraduate	  programs	  is	  the	  areas	  
highlighted	  by	  their	  elective	  offerings.	  	  Nearly	  100	  different	  elective	  course	  topics	  
were	  reported	  by	  the	  96	  programs	  responding	  to	  the	  survey.	  	  The	  most	  popular	  
topical	  offerings	  are	  Polymer	  Science,	  Bioprocess	  Engineering,	  Nanomaterials,	  and	  
Advanced	  Transport.	  	  Typically,	  undergraduates	  are	  expected	  to	  take	  2-‐3	  chemical	  
elective	  courses,	  although	  the	  range	  spans	  from	  zero	  to	  6.	  	  It	  should	  be	  noted	  that	  
the	  programs	  requiring	  zero	  chemical	  engineering	  electives	  usually	  require	  instead	  
“technical”,	  “engineering”,	  or	  “science”	  electives	  in	  similar	  quantity	  to	  the	  chemical	  
engineering	  electives	  offered	  by	  other	  departments.	  	  	  In	  addition	  to	  the	  numerical	  
summary	  results,	  this	  paper	  will	  also	  report	  on	  department	  chairs’	  responses	  to	  the	  
administrative	  question	  of	  how	  topics	  are	  selected,	  integrated,	  or	  let	  go	  from	  year	  to	  
year.	  	  
	  
Introduction	  and	  Background	  
	  
The	  AIChE	  survey	  carries	  on	  the	  tradition	  of	  discipline-‐wide	  curricular	  surveys	  
established	  over	  30	  years	  ago.	  	  These	  surveys	  provide	  useful	  norming	  information	  
to	  departments	  on	  the	  state	  of	  the	  curriculum	  throughout	  the	  United	  States	  and	  in	  
participating	  international	  programs.	  	  Recent	  surveys	  have	  assessed	  first-‐year	  
courses,	  mass	  and	  energy	  balances,	  chemical	  reactor	  design,	  and	  capstone	  design	  
(Silverstein	  et	  al.;	  Silverstein	  and	  Vigeant;	  Silverstein).	  	  Surveys	  are	  conducted	  
online,	  and	  responses	  are	  solicited	  through	  the	  Chemical	  Engineering	  Chair	  listserv.	  	  
	  
This	  year’s	  survey	  was	  on	  Chemical	  Engineering	  Electives.	  	  Of	  necessity,	  this	  
considers	  course	  titles	  and	  undergraduate	  curricular	  requirements	  more	  so	  than	  an	  
in-‐depth	  consideration	  of	  textbook,	  specific	  content	  coverage,	  or	  approach	  as	  with	  
the	  other	  surveys.	  	  	  
	  
In	  the	  survey,	  Chairs	  were	  presented	  with	  a	  list	  five	  common	  over-‐arching	  elective	  
areas:	  Bio-‐Related;	  Materials-‐Related;	  Advanced	  Core;	  Sustainability;	  and	  Process-‐
Type,	  each	  hosting	  5-‐10	  typical	  course	  titles.	  The	  “typical”	  course	  titles	  were	  
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generated	  from	  an	  informal	  survey	  of	  representatives	  of	  five	  different	  institutions,	  
taken	  at	  the	  previous	  year’s	  ASEE	  meeting.	  Chairs	  were	  asked	  to	  check	  which	  ones	  
were	  offered	  by	  their	  department	  on	  a	  regular	  basis.	  	  While	  the	  survey	  asked	  both	  
for	  courses	  offered	  every	  year	  and	  those	  offered	  periodically,	  in	  the	  plots	  that	  follow	  
both	  schedules	  are	  combined	  as	  “offered	  regularly”.	  	  Options	  for	  free-‐response	  in	  an	  
“Other”	  category	  were	  also	  offered.	  	  Of	  the	  departments	  surveyed,	  76	  responded,	  
generating	  72	  complete	  responses,	  representing	  71	  institutions	  in	  the	  United	  States	  
and	  one	  in	  Indonesia.	  	  	  
	  
We	  had	  access	  to	  three	  previous	  elective	  surveys,	  conducted	  in	  1980,	  1985,	  and	  
1989	  (Eisen;	  Eisen;	  Eisen).	  	  Figure	  1	  summarizes	  the	  results	  of	  the	  earlier	  surveys	  
(note	  1985	  comments	  on	  emerging	  technologies	  and	  does	  not	  provide	  data	  of	  the	  
type	  in	  1980	  and	  1989).	  	  	  
	  

	  
Figure	  1:	  Historical	  data	  (%	  of	  responding	  schools)	  

While	  comparison	  of	  the	  data	  in	  Figure	  1	  with	  the	  data	  that	  follow	  suggests	  that	  
electives	  are	  much	  more	  diverse	  now	  than	  in	  the	  past,	  but	  it	  may	  also	  reflect	  the	  
greater	  variety	  of	  questions	  and	  analysis	  that	  can	  be	  done	  with	  an	  online	  multiple	  
choice	  survey	  relative	  to	  the	  paper-‐based	  survey	  used	  in	  the	  1980’s.	  
	  
Results	  
	  
Demographics	  
We	  asked	  chairs	  to	  characterize	  the	  size	  of	  their	  departments	  as	  well	  as	  the	  number	  
of	  electives	  typically	  offered,	  as	  shown	  in	  figures	  2,	  3	  and	  4	  below.	  	  	  
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Figure	  2:	  Graduating	  class	  size	  (left)	  and	  Typical	  Elective	  class	  size	  (right).	  (%	  of	  responding	  

schools).	  

Unsurprisingly,	  elective	  enrollment	  is	  typically	  ½	  or	  less	  of	  the	  overall	  graduating	  
class	  size.	  	  	  
	  

	  
Figure	  3:	  Number	  of	  required	  elective	  courses	  (%	  of	  responding	  schools)	  

	  
While	  most	  programs	  require	  two	  or	  three	  elective	  courses,	  students	  tend	  to	  take	  at	  
least	  one	  more	  than	  is	  required.	  	  	  
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Figure	  4:	  Number	  of	  faculty	  (left)	  and	  Number	  of	  elective	  courses	  offered	  during	  an	  academic	  
year	  (right).	  (%	  of	  schools	  responding).	  

	  
The	  authors	  were	  curious	  if	  the	  elective	  offerings	  would	  be	  more	  clearly	  associated	  
with	  the	  number	  of	  students	  in	  the	  program,	  the	  interest	  areas	  of	  students	  in	  the	  
program,	  or	  the	  number	  and	  interest	  of	  faculty	  in	  the	  program.	  	  Based	  upon	  a	  
comparison	  of	  figures	  four	  and	  two,	  it	  appears	  electives	  are	  more	  closely	  associated	  
with	  faculty	  than	  with	  students.	  	  	  
	  
Elective	  Offerings	  
	  
Elective	  courses	  were	  grouped	  into	  five	  topic	  areas	  plus	  “other”.	  	  The	  most	  common	  
electives	  are	  offered	  at	  50%	  or	  more	  of	  responding	  programs,	  and	  there	  is	  no	  topic	  
area	  that	  is	  universally	  offered.	  	  
	  

	  
Figure	  5:	  "Bio-‐Type"	  electives	  (%	  of	  schools	  responding);	  inset	  is	  fraction	  of	  schools	  indicating	  
they	  offered	  courses	  in	  this	  area.	  	  	  
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In	  the	  early	  2000’s,	  a	  number	  of	  schools	  added	  “Bio-‐“	  to	  their	  department	  titles	  or	  
created	  separate	  programs	  or	  tracks	  for	  a	  biological	  focus.	  This	  is	  reflected	  by	  the	  
commonality	  of	  these	  types	  of	  electives,	  	  as	  shown	  in	  figure	  5.	  	  For	  an	  indication	  of	  
the	  courses	  included	  in	  the	  “other”	  category,	  please	  see	  figure	  10.	  	  	  
	  

	  
Figure	  6:"Materials-‐Type"	  electives	  (%	  of	  schools	  responding);	  inset	  is	  fraction	  of	  schools	  
indicating	  they	  offered	  courses	  in	  this	  area.	  

	  
As	  shown	  in	  figure	  1,	  Polymers	  was	  an	  emerging	  elective	  area	  in	  the	  80’s.	  	  It	  
continues	  to	  be	  the	  most	  widely	  offered	  elective	  in	  the	  materials	  area,	  although	  
“nano-‐“	  type	  electives	  are	  catching	  up.	  	  It	  should	  be	  noted	  that	  some	  programs	  
require	  a	  course	  in	  materials	  science,	  meaning	  that	  their	  offerings	  are	  not	  included	  
in	  the	  “MatSci	  Elective”	  bar.	  	  	  
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Figure	  7:	  "Advanced-‐Core"	  electives	  (%	  of	  schools	  responding);	  Note	  that	  all	  y-‐axis	  labels	  
should	  be	  understood	  to	  have	  the	  word	  “Advanced”	  in	  their	  title.	  	  Inset	  is	  fraction	  of	  schools	  
indicating	  they	  offered	  courses	  in	  this	  area.	  

Advanced	  core	  courses	  are	  typically	  graduate-‐level	  courses	  that	  may	  be	  open	  to	  
qualified	  undergraduates.	  	  Our	  data	  do	  not	  distinguish	  this	  from	  undergraduate-‐only	  
offerings.	  	  The	  single	  most	  common	  elective	  in	  our	  survey	  is	  undergraduate	  research	  
for	  course	  credit,	  although	  it	  is	  somewhat	  surprising	  this	  is	  not	  an	  option	  at	  slightly	  
more	  than	  20%	  of	  programs.	  	  	  
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Figure	  8:	  "Sustainability-‐Type"	  electives	  (%	  of	  schools	  responding);	  inset	  is	  fraction	  of	  schools	  
indicating	  they	  offered	  courses	  in	  this	  area.	  

	  
For	  figures	  8	  and	  9,	  the	  y-‐axis	  shifts	  to	  a	  maximum	  of	  40%	  (down	  from	  80%	  in	  
figures	  5-‐7),	  indicating	  that	  the	  Sustainability	  and	  Process	  electives	  are	  somewhat	  
less	  common	  than	  Bio-‐,	  Materials-‐	  or	  Advanced	  electives.	  	  Electives	  devoted	  to	  
sustainability	  may	  be	  masked	  by	  the	  incorporation	  of	  sustainable	  practices	  (waste	  
heat	  recovery,	  recycle,	  pollution	  control,	  etc)	  into	  required	  core	  courses	  such	  as	  
capstone	  design.	  	  	  
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Figure	  9:	  "Process-‐Type"	  electives	  (%	  of	  schools	  responding);	  inset	  is	  fraction	  of	  schools	  
indicating	  they	  offered	  courses	  in	  this	  area.	  

	  
The	  area	  of	  Process	  electives	  seems	  to	  be	  a	  fertile	  one	  for	  new	  course	  offerings.	  	  
Most	  responses	  here	  reflect	  2-‐4	  schools,	  and	  this	  is	  the	  only	  grouping	  not	  to	  appear	  
at	  most	  programs.	  	  	  
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Figure	  10:	  Word	  cloud	  of	  responses	  in	  "other"	  category.	  	  Size	  of	  word	  indicates	  the	  extent	  to	  
which	  that	  word	  was	  used	  in	  responses.	  

Courses	  entered	  into	  the	  “other”	  category	  span	  a	  very	  wide	  range,	  including	  courses	  
that	  could	  appear	  in	  one	  of	  the	  five	  groups	  above,	  or	  totally	  unique	  courses.	  	  In	  the	  
analysis	  of	  survey	  responses,	  the	  authors	  grouped	  similar	  course	  titles	  that	  were	  not	  
exact	  matches	  (“biochemical”	  and	  “biochemistry”	  for	  example),	  which	  is	  why	  some	  
course	  titles	  that	  appear	  in	  figure	  10	  are	  also	  in	  figures	  5-‐9.	  	  	  
	  
Discussion	  
	  
The	  authors	  are	  surprised	  to	  note	  that	  there	  is	  not	  One	  elective	  that	  is	  common	  to	  all	  
institutions.	  	  This	  is	  an	  important	  result;	  while	  the	  over-‐arching	  categories	  are	  
widely	  represented,	  the	  exact	  courses	  are	  often	  unique.	  This	  is	  a	  significant	  part	  of	  
what	  makes	  each	  program	  distinctive,	  but	  one	  that	  is	  often	  opaque	  to	  prospective	  
undergraduate	  students.	  	  	  
	  
As	  might	  be	  expected,	  it	  appears	  electives	  mirror	  faculty	  research	  interests.	  	  The	  
most	  common	  electives	  are	  Polymers,	  Bioprocess,	  student	  research,	  and	  
Nanoscience.	  	  As	  cited	  by	  Chen	  in	  his	  AIChE	  keynote,	  these	  areas	  are	  active	  grounds	  
for	  faculty	  research	  but	  at	  odds	  with	  what	  his	  industry	  survey	  indicated	  as	  industrial	  
needs	  (Chen).	  	  Electives	  that	  focus	  on	  the	  topics	  highlighted	  as	  industrial	  needs	  
include	  Advanced	  Transport	  (relatively	  common),	  and	  courses	  on	  catalysis,	  
separations,	  particle	  processing,	  and	  unit	  operations,	  nearly	  all	  of	  which	  are	  
uncommon	  enough	  to	  only	  be	  represented	  in	  the	  “other”	  grouping	  (figure	  10).	  	  	  
	  
In	  addition,	  we	  can	  see	  that	  some	  of	  the	  trends	  established	  in	  the	  surveys	  from	  the	  
1980s	  continue	  –	  courses	  once	  considered	  electives	  such	  as	  Capstone	  Design,	  
Computing,	  and	  Control,	  disappear	  from	  electives	  to	  reappear	  as	  required	  courses.	  	  
These	  courses	  are	  nearly	  entirely	  absent	  from	  the	  electives	  list,	  although	  they	  
played	  a	  prominent	  role	  in	  the	  1980s	  results	  (Eisen).	  	  It	  is	  not	  clear,	  however,	  if	  
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there	  is	  a	  current	  widespread	  elective	  course	  that	  is	  primed	  for	  conversion	  to	  a	  
requirement.	  	  Possible	  contenders	  include	  a	  “bio-‐related”	  elective	  or	  undergraduate	  
research,	  both	  of	  which	  are	  very	  widespread,	  although	  it	  is	  not	  clear	  that	  either	  has	  
the	  traction	  required	  to	  make	  the	  switch.	  	  	  
	  
A	  limitation	  of	  the	  study	  is	  that	  any	  definition	  of	  “chemical	  engineering	  elective”	  will	  
not	  incorporate	  all	  relevant	  courses	  at	  all	  institutions.	  	  For	  example,	  depending	  on	  
institutional	  context,	  a	  course	  in	  “materials	  science”	  may	  be	  offered	  in	  chemical	  
engineering	  or	  it	  may	  be	  offered	  by	  a	  materials	  science	  department.	  The	  first	  meets	  
our	  definition	  while	  the	  second	  does	  not,	  even	  though	  they	  are	  functionally	  the	  same	  
course.	  	  It	  is	  likely	  that	  some	  of	  the	  programs	  that	  do	  not	  offer	  courses	  in	  a	  given	  
area	  (the	  five	  answering	  that	  they	  offer	  no	  “Bio-‐Type”	  courses,	  for	  example)	  have	  
those	  courses	  available	  outside	  the	  department.	  	  Another	  smaller	  limitation	  is	  that	  
some	  courses	  that	  are	  elective	  for	  one	  institution	  are	  required	  at	  others;	  both	  
Materials	  Science	  and	  Bioprocess	  Engineering	  fall	  into	  this	  group	  although	  there	  do	  
not	  seem	  to	  be	  many	  others	  of	  this	  type.	  	  
	  
Acknowledgements	  
	  
The	  authors	  wish	  to	  thank	  and	  acknowledge	  the	  Chemical	  Engineering	  Department	  
Chairs	  who	  participated	  in	  this	  study.	  	  	  
	  
	  
Citations	  
Chen, John. “Aiche Plenary: Faculty Research and Industry Needs.” AIChE Annual 

Meeting. San Francisco2013.  
Eisen, Edwin. “Summary Report: Chemical Engineering Electives.” AIChE Annual 

Meeting. Chicago, IL1980.  
———. “A Survey on Emerging Technologies in Chemical Engineering.” AIChE Annual 

Meeting. Chicago, IL1985.  
———. “The Teaching of Undergraduate Chemical Engineering Electives.” AiChE 

Annual Meeting. San Francisco, CA1989.  
Silverstein, David, Lisa Bullard et al. “How We Teach: Capstone Design.” American 

Association for Engineering Education. Atlanta, GA2013.  
Silverstein, David, and M. Vigeant. “Results of the 2010 Survey on Teaching Chemical 

Reaction Engineering.” Chemical Engineering Education 46.1 (2012): 31-40. 
Silverstein, David L. “How We Teach: Material and Energy Balances.” American 

Association for Engineering Education. 2012.  
	  

P
age 24.1050.11


