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Breaking	
  the	
  Cycle:	
  carbon	
  cycling	
  representa?ons	
  in	
  undergraduate	
  textbooks.	
  
Jackie	
  Hanson1,	
  Jennifer	
  Momsen2,	
  	
  1Minnesota	
  State	
  University	
  Moorhead,	
  2North	
  Dakota	
  State	
  University,	
  Fargo,	
  ND	
  	
  

Research	
  Ques/ons	
  	
  
•  How	
  is	
  carbon	
  typically	
  represented	
  in	
  undergraduate	
  

textbooks?	
  	
  
•  Does	
  representa?on	
  differ	
  from	
  introductory	
  biology	
  to	
  

upper	
  level	
  ecology	
  texts?	
  	
  
•  Does	
  the	
  abstrac?on	
  type	
  change	
  depending	
  on	
  the	
  

system	
  and	
  flux	
  level?	
  	
  

Coding	
  Carbon	
  Visualiza/ons	
  	
  

Table	
  1.	
  Basic	
  fluxes	
  used	
  as	
  criteria	
  for	
  inclusion	
  of	
  visualiza?ons	
  in	
  analysis	
  

Conclusions	
  
•  Introductory	
  biology	
  differs	
  significantly	
  from	
  Upper	
  level	
  ecology	
  in	
  textbook	
  representa?ons	
  of	
  carbon	
  cycling.	
  
•  Further,	
  carbon	
  cycling	
  is	
  represented	
  across	
  biological	
  levels	
  in	
  the	
  Introductory	
  biology	
  texts	
  using	
  markedly	
  different	
  visual	
  representa?ons.	
  
•  As	
  a	
  result,	
  students	
  must	
  learn	
  a	
  broad	
  spectrum	
  of	
  visual	
  thinking	
  skills	
  if	
  they	
  are	
  to	
  successfully	
  interpret	
  and	
  reason	
  with	
  the	
  diversity	
  of	
  

abstrac?ons	
  when	
  learning	
  how	
  carbon	
  moves	
  through	
  a	
  system.	
  	
  
•  This	
  lack	
  of	
  con?nuity	
  across	
  biological	
  levels	
  and	
  from	
  introductory	
  to	
  upper	
  level	
  course	
  textbooks	
  may	
  contribute	
  to	
  student	
  learning	
  difficul?es	
  

and	
  misconcep?ons.	
  
•  Future	
  research	
  will	
  include	
  coding	
  addi?onal	
  textbooks	
  to	
  build	
  a	
  robust	
  data	
  set	
  and	
  compare	
  common	
  visualiza?ons	
  to	
  pervasive	
  student	
  

misconcep?ons,	
  as	
  evidenced	
  in	
  exis?ng	
  literature.	
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Figure	
  2.	
  Types	
  of	
  abstrac?on*	
  
*Double	
  coding	
  of	
  images	
  occurred	
  using	
  these	
  rubrics	
  

Figure	
  1.	
  Iden?fying	
  the	
  focal	
  biological	
  system	
  of	
  a	
  visualiza?on	
  

Cellular	
  	
   Organismal	
   Community	
  	
   Ecosystem	
  

www.esrl.noaa.gov,	
  Accessed	
  7-­‐13	
  

www.eoearth.org,	
  Accessed	
  7-­‐13	
  

Following	
  Carbon	
  

A.	
  Cellular	
  	
  

C.	
  Community	
  

B.	
  Organismal	
  

D.	
  Ecosystem	
  

Figure	
  4.	
  Abstrac?on	
  distribu?ons	
  across	
  biological	
  systems;	
  x2=	
  42.9,	
  df=6,	
  p=	
  <	
  0.001	
  

Biological	
  Flux	
  
•  Introductory	
  and	
  upper	
  level	
  books	
  

differ	
  significantly	
  (Figure	
  2),	
  
primarily	
  in	
  represen?ng	
  cellular	
  
respira?on	
  and	
  consump?on	
  

•  Decomposi?on	
  and	
  combus?on	
  are	
  
rarely	
  represented	
  in	
  either	
  text.	
  	
  

	
  Biological	
  Systems	
  
•  The	
  systems	
  represented	
  differ	
  

significantly	
  between	
  upper	
  level	
  and	
  
introductory	
  texts	
  (Figure	
  3).	
  	
  

•  Upper	
  Level	
  texts	
  focus	
  on	
  Community	
  
(58%)	
  and	
  Ecosystem	
  (28%)	
  

•  At	
  the	
  introductory	
  level	
  organismal	
  
representa?ons	
  are	
  rare	
  (20%)	
  

Abstrac/on	
  type	
  
•  Introductory	
  biology	
  uses	
  fundamentally	
  

different	
  types	
  of	
  abstrac?ons	
  when	
  
represen?ng	
  carbon	
  cycling	
  than	
  Upper	
  level	
  
ecology	
  (Figure	
  4)	
  

•  For	
  example,	
  
•  At	
  the	
  upper	
  level,	
  organismal	
  carbon	
  

cycling	
  was	
  represented	
  primarily	
  through	
  
graphs	
  compared	
  to	
  schema?cs	
  in	
  
introductory	
  biology	
  

•  At	
  the	
  upper	
  level,	
  ecosystem-­‐level	
  
carbon	
  cycling	
  was	
  represented	
  primarily	
  
through	
  graphs	
  compared	
  to	
  realis?c	
  
images	
  and	
  cartoons	
  in	
  introductory	
  
biology	
  

•  Overall,	
  the	
  upper	
  level	
  textbook	
  included	
  
more	
  graphs	
  than	
  introductory	
  level	
  
textbooks	
  

•  Conversely,	
  the	
  introductory	
  level	
  textbooks	
  
included	
  more	
  realis?c	
  pictures	
  and	
  cartoons	
  
than	
  the	
  upper	
  level	
  textbook	
  

Flux*	
  	
   Defini/on	
  	
  
Photosynthesis	
  	
   The	
  process	
  of	
  using	
  sunlight	
  to	
  create	
  energy.	
  	
  

Respira?on	
  	
   Metabolic	
  pathways	
  involved	
  in	
  the	
  oxida?on	
  of	
  glucose.	
  

Anthropogenic	
  
Combus?on	
  	
  

Breakdown	
  of	
  fuel	
  resul?ng	
  in	
  an	
  exothermic	
  reac?on	
  including	
  light	
  and	
  
heat.	
  

Consump?on	
  	
   The	
  movement	
  of	
  carbon	
  through	
  one	
  organism	
  ea?ng	
  another.	
  	
  	
  

Decomposi?on	
  	
   Processes	
  of	
  composi?on	
  and	
  respira?on	
  	
  

NSF	
  DUE	
  #1156974	
  

We	
  selected	
  images	
  that	
  portrayed	
  the	
  movement	
  of	
  carbon,	
  i.e.,	
  there	
  was	
  a	
  
clear	
  flux,	
  iden?fied	
  either	
  through	
  explicit	
  components	
  of	
  the	
  figure	
  itself	
  or	
  
through	
  the	
  figure	
  cap?on	
  (Table	
  1).	
  

We	
  then	
  iden?fied	
  the	
  biological	
  system	
  represented	
  (Figure	
  1).	
  

Finally,	
  we	
  iden?fied	
  the	
  type	
  of	
  abstrac?on	
  used	
  to	
  portray	
  carbon	
  
movement	
  (Figure	
  2).	
  A	
  given	
  figure	
  could	
  have	
  more	
  than	
  one	
  type	
  
of	
  abstrac?on.	
  

Visualiza/ons	
  differ	
  significantly	
  from	
  Introductory	
  Biology	
  to	
  Upper	
  Level	
  Ecology	
  Texts	
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Upper	
  Level	
  Ecology	
  	
  	
  
Introductory	
  Biology	
  

Carbon	
  movement:	
  
The	
  ability	
  to	
  understand	
  and	
  follow	
  carbon	
  through	
  
biological	
  systems	
  represents	
  a	
  challenge	
  to	
  
undergraduate	
  students.	
  Being	
  able	
  to	
  iden?fy	
  where	
  
misunderstandings	
  come	
  from	
  and	
  try	
  to	
  eliminate	
  these	
  
challenges	
  to	
  help	
  decrease	
  possible	
  student	
  
misconcep?ons.	
  (Hartley	
  et	
  al,	
  2011)	
  

Figure	
  2.	
  	
  Distribu?on	
  of	
  abstrac?ons	
  across	
  biological	
  flux.	
  	
  Upper	
  
Level	
  Ecology	
  n=96,	
  Introductory	
  Biology	
  n=101,	
  x2=	
  12.86,	
  df=4,	
  
p=0.01.	
  

Figure	
  3.	
  	
  Distribu?on	
  of	
  abstrac?ons	
  across	
  biological	
  systems.	
  
Upper	
  Level	
  Ecology	
  n=96,	
  Introductory	
  Biology	
  n=101,	
  x2=32.5,	
  
df=3,	
  p=	
  <0.001.	
  


