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Announcements	  
§ …	  
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Goals	  for	  today	  
§ Discuss	  how	  visual	  informaEon	  is	  organized	  to	  provide:	  
§  Maximum	  informaEon	  content	  
§  Minimum	  work	  for	  the	  reader	  

§ Talk	  about	  how	  to	  make	  good	  figures:	  
§  Discuss	  important	  elements	  (color,	  alignment,	  grouping,	  text,	  etc.)	  
§  Study	  examples	  in	  the	  context	  of	  publicaEons,	  proposals,	  and	  

presentaEon	  slides	  (more	  next	  week)	  

à	  Not	  so	  many	  rules,	  but	  lots	  of	  guidelines	  

§ Have	  some	  Eme	  for	  peer-‐review	  of	  draT	  proposal	  aims	  
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The	  first	  plot	  ever?	  

TuTe,	  The	  Visual	  Display	  of	  QuanEtaEve	  InformaEon.	  



A.J.	  Hart	  |	  5	  TuTe,	  The	  Visual	  Display	  of	  QuanEtaEve	  InformaEon.	  



A.J.	  Hart	  |	  6	  

An
	  in
fo
rm

a=
ve
	  v
is
ua

l	  	  

xkcd.com	  



A.J.	  Hart	  |	  7	  

A	  figure	  should	  
§ Make	  only	  one	  point	  
à	  As	  a	  disEnct	  part	  of	  the	  whole	  story	  

§ Be	  self-‐explanatory	  and	  easy	  to	  read	  
à We	  can	  skim	  the	  paper/proposal	  by	  looking	  at	  the	  figures	  
	  

§ Use	  “perceptual	  tasks	  that	  rank	  high	  in	  efficiency	  and	  
accuracy”	  

§ Use	  the	  chosen	  visual	  elements	  efficiently	  

§ Be	  suitable	  for	  use	  on	  a	  presentaEon	  slide	  
à Think	  about	  how	  you	  would	  layer	  the	  informaEon	  as	  you	  talk	  
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Not-‐so-‐good	  figures	  
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Improvement	  

http://onlinelibrary.wiley.com/doi/10.1002/adma.201102518/abstract 
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Too	  many	  op=ons!	  
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Edward	  TuHe	  (philosophy	  of	  displaying	  info)	  
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Monthly	  column	  in	  Nature	  Methods	  
hKp://www.nature.com/nmeth/index.html	  

Bang	  Wong	  (relevant	  to	  scien=fic	  papers)	  
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Felice	  Frankel	  

Felice	  Frankel	  (photography)	  
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TuHe’s	  composi=onal	  principles	  -‐	  	  
good	  figures	  should	  

§ Have	  	  properly	  chosen	  format	  and	  design	  

§ Use	  words,	  numbers,	  and	  drawing	  together	  

§ Reflect	  a	  balance,	  a	  proporEon,	  a	  sense	  of	  relevant	  scale	  

§ Display	  an	  accessible	  complexity	  of	  detail	  

§ Have	  a	  story	  to	  tell	  about	  the	  data	  

§ Be	  drawn	  in	  a	  professional	  manner	  

§ Avoid	  content-‐free	  decoraEon	  (“chartjunk”)	  

TuTe,	  The	  Visual	  Display	  of	  QuanEtaEve	  InformaEon.	  



A.J.	  Hart	  |	  16	  TuTe,	  The	  Visual	  Display	  of	  QuanEtaEve	  InformaEon.	  



A.J.	  Hart	  |	  17	  TuTe,	  The	  Visual	  Display	  of	  QuanEtaEve	  InformaEon.	  



A.J.	  Hart	  |	  18	  TuTe,	  The	  Visual	  Display	  of	  QuanEtaEve	  InformaEon.	  



A.J.	  Hart	  |	  19	  TuTe,	  The	  Visual	  Display	  of	  QuanEtaEve	  InformaEon.	  

No	  grid,	  no	  guides	  
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Grid,	  no	  guides	  
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Guides,	  no	  grid	  
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A	  bit	  more	  
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Is	  this	  enough	  data	  for	  a	  figure?	  
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TuTe:	  “Given	  their	  low	  data	  density	  and	  failure	  to	  order	  
numbers	  along	  a	  visual	  dimension,	  pie	  charts	  should	  never	  be	  
used” 	  

But,	  if	  a	  simple	  graphic	  is	  necessary	  pay	  aaenEon	  to	  how	  you	  
organize	  the	  data	  	  
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Example	  of	  high	  a	  data	  density	  figure	  with	  
useful	  gridlines	  

TuTe,	  The	  Visual	  Display	  of	  QuanEtaEve	  InformaEon.	  
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Rela=ng	  variables	  using	  pictures	  



Order	  =	  quality,	  purity,	  alignment	  
Quan=ty	  =	  #/volume	  

	  Configura=ons	  

Quan=ty	  [#/vol]	  
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few	   many	  

forest	  (aligned)	  	  

network	  (tangled)	  

dispersion	  

individual	  

1 µm

yarn/sheet	  

Florida	  

Stanford,	  ETH	  

Nanocomp	  
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Elements	  of	  figure	  composi=on	  and	  style	  
§ Color	  coding	  
§ Text	  
§  Lines,	  axes,	  and	  arrows	  
§ Alignment	  and	  grouping	  
§ Choice	  of	  shape	  
§ Drawings	  /	  images	  
§ NegaEve	  space!	  
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Color	  transi=ons	  are	  not	  perceived	  equally	  

Wong.	  	  Nature	  Methods	  8(3):189,	  2011.	  
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This	  is	  really	  relevant	  to	  ME	  
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Choosing	  color	  scales	  

Wong.	  	  Nature	  Methods	  7(8):573,	  2010.	  
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Percep=on	  of	  color	  is	  based	  on	  proximity	  and	  
surroundings	  

Wong.	  	  Nature	  Methods	  7(8):573,	  2010.	  
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Encoding	  values:	  make	  it	  easy	  for	  the	  reader	  
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Alignment	  
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Alignment	  
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Principles	  of	  alignment	  in	  mechanical	  drawings	  
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Color	  and	  alignment	  
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Gestalt	  principles:	  grouping	  and	  similarity	  

Wong.	  	  Nature	  Methods	  7(11):863,	  2010.	  
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original	  

new	  
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Published	  figure	  (B&W)	  

http://dx.doi.org/10.1002/adfm.201102393 
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Typography	  (text)	  

Wong.	  	  Nature	  Methods	  8(4):277	  2011.	  
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Whitespace	  is	  “the	  lungs	  of	  a	  good	  design”	  

Wong.	  	  Nature	  Methods	  8(1):1,	  2011.	  

Is	  this	  the	  best	  place	  for	  the	  conclusion?	  
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Layout:	  “arrange	  elements	  according	  to	  the	  
order	  in	  which	  they	  should	  be	  read”	  

Wong.	  	  Nature	  Methods	  8(10):783,	  2011.	  
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§  Avoid	  compeEEon	  between	  visual	  elements	  
§  Remove	  unnecessary	  annotaEon	  
§  Use	  color	  to	  make	  important	  points	  

Pubng	  it	  all	  together	  in	  an	  “infographic”	  
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How	  to	  start?	  	  Maybe	  sketch.	  

Desiree	  Plata	  

Sketching	  figures	  can	  also	  help	  
design	  experiments!	  

http://pubs.acs.org/doi/abs/10.1021/nn101842g 



	  Simultaneous	  in	  situ	  kine=cs	  and	  X-‐ray	  
	  scaKering	  

forest	  thickness,	  substrate	  temperature	  

CNT	  diameter,	  alignment	  
(X-‐ray	  scaaering)	  

Blower	   Displacement	  sensor	  

X-‐ray	  beam	  

Gas	  out	  

Gas	  in	  

Images:	  annota=ons	  and	  visual	  cues	  
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Showing	  prac=cal	  scales	  

Hata	  et	  al.	  

Copic	  et	  al.	  
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Showing	  scale	  and	  func=on	  
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Showing	  func=on	  with	  color	  

Using	  microfluidic	  devices	  and	  a	  substrate	  annealing	  gradient	  system	  
large	  arrays	  of	  organic	  thin-‐film	  transistors	  (OTFTs)	  are	  fabricated	  from	  
poly(didodecylquaterthiophene-‐alt-‐didodecylbithiazole).	  
	  

hap://onlinelibrary.wiley.com/doi/10.1002/adma.201003815/abstract	  
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Lightweight	  and	  flexible	  
printed	  circuit	  boards	  (PCBs)	  
have	  been	  produced	  by	  micro-‐
paaerning	  metal	  on	  paper	  
substrates,	  as	  reported	  by	  
Siegel	  et	  al.	  on	  page	  28.	  Paper-‐
based	  electronic	  devices	  can	  be	  
folded	  and	  creased	  repeatedly,	  
shaped	  to	  form	  three-‐
dimensional	  structures,	  
integrated	  with	  paper-‐based	  
microfluidic	  devices,	  and	  
	  
	  
	  
	  
hap://onlinelibrary.wiley.com/
doi/10.1002/adfm.200990114/
abstract	  	  

disposed	  of	  by	  flame	  (as	  shown	  
in	  the	  cover	  image).	  
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	  The	  ToC	  figure	  (=	  a	  visual	  abstract,	  a	  carrot)	  	  
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Figures	  in	  proposals	  
§ To	  sell	  the	  main	  idea	  
§ To	  summarize	  the	  background	  
§ To	  show	  preliminary	  results	  
§ To	  show	  your	  proposed	  methods/experiments	  
§ To	  explain	  how	  the	  key	  pieces	  fit	  together	  
§  Team	  
§  Tasks	  
§  Time	  
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The	  main	  idea	  in	  words	  
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The	  main	  idea	  in	  pictures	  
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Summarizing	  background	  literature	  
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How	  different	  concepts	  fit	  together	  
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How	  a	  team	  fits	  together	  

Guo,	  Hart,	  Yalisove,	  Zhong	  
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Figure-‐making	  soHware	  
§ Adobe	  Illustrator,	  Photoshop	  
§  Inkscape	  (free	  Illustrator-‐like)	  
§  IPE	  (vector	  graphics)	  
§ MicrosoT	  Visio	  (PC	  only)	  
§ OmniGraffle	  (Mac	  only)	  
§  SmartDraw	  
§ Origin	  (for	  plosng)	  
§ Other	  favorites?	  
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24	  hours	  of	  air	  traffic	  
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Video	  methods	  journals	  (e.g.,	  JoVE)	  
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Summary	  from	  TuHe	  
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Peer	  review:	  aims/tasks	  should	  be	  
§  Specific	  (=	  what	  will	  be	  done)	  
§ Measurable	  (=	  how	  you	  will	  measure	  the	  outcome)	  
§ PracEcal	  (=	  can	  be	  done)	  
§  Logical	  (=	  makes	  sense,	  on	  its	  own	  and	  in	  combinaEon	  with	  
other	  tasks)	  
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Homework	  
§ Please	  think	  twice	  about	  how	  you	  design	  and	  use	  figures	  in	  
your	  proposal!	  

§ Due	  next	  Friday	  2pm	  
§ Please	  bring	  paper	  copy	  to	  class	  too	  




