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What	  are	  the	  skills	  and	  knowledge	  
necessary	  for	  data-‐intensive	  research?	  

	  

This	  poster	  addresses	  the	  challenges	  faced	  by	  undergraduate	  biology	  
educators	  in	  preparing	  students	  for	  parHcipaHon	  in	  data-‐intensive	  
environmental	  research.	  The	  informaHon	  is	  organized	  into	  three	  broad	  
areas:	  idenHfying	  the	  skills	  and	  knowledge	  required;	  addressing	  where	  and	  
how	  these	  skills	  might	  be	  taught;	  and	  descripHons	  of	  exisHng	  resources	  that	  
could	  be	  useful	  in	  solving	  these	  problems.	  	  

Ways	  To	  Get	  Involved	  
Add	  your	  email	  to	  the	  signup	  sheet	  aNached	  to	  this	  poster	  or	  	  
email	  sdonovan@piN.edu	  to	  receive	  updates	  on	  these	  projects.	  
Visit	  QUBESHub.org	  for	  informaHon	  about	  Faculty	  Mentoring	  Networks	  and	  
other	  resources	  that	  can	  help	  you	  engage	  with	  teaching	  data	  skills.	  	  
Track	  the	  “Biodiversity	  Literacy	  in	  Undergraduate	  Educa4on”	  [hNps://
qubeshub.org/groups/blue_data]	  and	  “Data	  Incubator	  Group”	  [hNps://
qubeshub.org/groups/data_incubator]	  Research	  CoordinaHon	  Network	  
projects.	  	  

Figure	  6.	  Data	  informed	  learning	  emphasizes	  the	  
development	  of	  data	  literacy	  in	  the	  context	  of	  using	  data	  
in	  disciplinary	  contexts	  (modified	  from	  Maybee	  and	  
Zillinski,	  2015).	  
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Principles	  of	  data	  informed	  
learning	  

New	  ways	  of	  using	  data	  must	  build	  on	  
students’	  prior	  experiences.	  

Learning	  to	  use	  data	  should	  occur	  at	  the	  
same	  Hme	  as	  learning	  about	  a	  disciplinary	  
subject.	  

Learning	  should	  result	  in	  students	  becoming	  
aware	  of	  new	  ways	  of	  using	  data	  as	  well	  as	  
developing	  new	  understandings	  of	  the	  
subject	  being	  studied.	  	  

Figure	  5.	  DescripHon	  of	  the	  design	  paNern	  for	  
data-‐rich	  curricula,	  “Pooling	  data	  to	  see	  the	  big	  
picture”	  from	  Karstens,	  et	  al.	  (2015).	  

How	  might	  these	  skills	  be	  incorporated	  
within	  an	  uncergraduate	  curriculum?	  

	  

The	  challenges	  involved	  in	  determining	  how	  the	  skills	  and	  knowledge	  
associated	  with	  data	  intensive	  research	  might	  be	  supported	  in	  
undergraduate	  curricula	  are	  myriad.	  We	  organize	  our	  analysis	  around	  three	  
broad	  issues:	  mapping	  foundaHonal	  skills	  and	  learning	  pathways	  to	  desired	  
learning	  outcomes;	  arHculaHng	  pedagogical	  commitments	  that	  support	  the	  
development	  of	  data	  skills,	  and	  exploring	  instrucHonal	  strategies	  that	  
engage	  students	  in	  important	  features	  of	  data	  intensive	  scienHfic	  pracHces.	  

Were	  are	  the	  exisFng	  models,	  resources,	  
and	  projects	  addressing	  data	  skills?	  

	  

There	  are	  a	  variety	  of	  complementary	  efforts	  underway	  to	  arHcluate,	  design,	  
and	  implement	  curricula	  and	  acHviHes	  that	  will	  support	  the	  development	  of	  
the	  skills	  and	  knowledge	  required	  to	  parHcipate	  in	  data-‐intensive	  science.	  
You	  can	  find	  a	  collecHon	  of	  these	  resources	  on	  QUBESHub	  (Figure	  7)	  where	  
it	  is	  possible	  to	  share	  your	  own	  resources	  and	  comment	  on	  posted	  
resources.	  	  

The	  vast	  majority	  of	  the	  educaHon	  and	  training	  efforts	  for	  parHcipaHon	  in	  
data-‐intensive	  science	  have	  focused	  at	  the	  graduate	  and	  professional	  levels.	  
For	  example,	  recent	  work	  by	  Hampton	  et	  al.	  (2016)	  has	  idenHfied	  a	  set	  of	  
five	  capstone	  skills	  that	  provide	  a	  “roadmap”	  for	  the	  training	  required	  to	  
fully	  parHcipate	  in	  environmental	  science	  using	  modern	  data	  and	  analysis	  
resources	  (see	  Figure	  1).	  Professional	  research	  communiHes	  like	  DataONE	  
have	  also	  played	  an	  important	  role	  in	  training	  scienHsts	  about	  the	  nature	  of	  
the	  data	  life	  cycle	  (see	  Figure	  2)The	  library	  and	  informaHon	  science	  
community	  has	  also	  aNempted	  to	  map	  the	  data	  literacy	  landscape	  in	  
anHcipaHon	  of	  providing	  resources	  for	  teachers	  and	  learners	  (Carlson,	  et	  al.,	  
2015,	  and	  see	  Figure	  3).	  Policy	  guidance	  for	  science	  educaHon	  curricula	  have	  
come	  primarily	  from	  the	  Next	  GeneraHon	  Science	  Standards	  (NRC,	  2013)	  
and	  the	  Biology	  Advanced	  Placement	  curriculum	  guidelines	  (College	  Board,	  
2011).	  The	  most	  widely	  cited	  undergraduate	  biology	  curriculum	  policy	  
document,	  Vision	  and	  Change	  (AAAS,	  2011)	  has	  only	  very	  broad	  descripHons	  
of	  how	  students	  should	  engage	  with	  data.	  AddiHonal	  informaHon	  to	  idenHfy	  
specific	  learning	  outcomes	  and	  the	  likely	  developmental	  relaHonships	  
among	  these	  ideas	  can	  be	  drawn	  from	  the	  computer	  science,	  staHsHcs,	  and	  
mathemaHcs	  educaHon	  communiHes	  (Finzer,	  2013).	  

Data	  management	  and	  processing	  
Data	  has	  a	  life	  cycle	  and	  their	  uHlity	  is	  Hed	  to	  the	  quality	  
of	  their	  metadata	  and	  efforts	  to	  make	  them	  accessible.	  

SoKware	  skills	  for	  science	  
Using	  scripHng	  and	  sosware	  workflows	  facilitates	  
working	  with	  large	  datasets.	  

Analysis	  
Analyses	  may	  take	  many	  forms,	  but	  they	  should	  all	  be	  
documented	  in	  a	  way	  that	  makes	  them	  reproducible.	  	  

VisualizaFon	  
Looking	  at	  data	  in	  mulHple	  ways	  is	  an	  important	  part	  of	  
understanding	  them	  and	  generaHng	  quesHons.	  

CommunicaFon	  	  
Interdisciplinary	  communicaHon	  plays	  an	  important	  
role	  within	  a	  research	  team,	  and	  the	  impact	  of	  research	  
depends	  on	  effecHve	  external	  communicaHon.	  	  

Figure	  1.	  A	  high	  level	  taxonomy	  of	  skills	  for	  data-‐
intensive	  research	  and	  example	  “habits	  of	  mind”	  
that	  might	  be	  the	  target	  of	  undergraduate	  
educaHon.	  Modified	  from	  Hampton	  et	  al.,	  (2017).	  

Figure	  2.	  The	  data	  life	  cycle	  annotated	  to	  show	  a	  
potenHal	  use	  case	  scenario	  for	  a	  college	  educator	  
persona.	  Adapted	  from	  DataONE	  [www.dataone.org/
user-‐personas].	  

Figure	  3.	  The	  12	  compents	  of	  data	  informaHon	  literacy	  idendified	  by	  Carlson,	  et	  al.,	  (2011).	  	  
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A.   NGSS	  Science	  and	  Engineering	  PracFces	  
1.  Asking	  quesHons	  (for	  science)	  and	  defining	  problems	  	  

(for	  engineering)	  
2.  Developing	  and	  using	  models	  
3.  Planning	  and	  carrying	  out	  invesHgaHons	  
4.  Analyzing	  and	  interpreHng	  data	  
5.  Using	  mathemaHcs	  and	  computaHonal	  thinking	  
6.  ConstrucHng	  explanaHons	  (for	  science)	  and	  designing	  

soluHons	  (for	  engineering)	  
7.  Engaging	  in	  argument	  from	  evidence	  
8.  Obtaining,	  evaluaHng,	  and	  communicaHng	  informaHon	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

B.	  OccupaFonal	  Profile	  Tasks	  
1.  Defines	  the	  Problem	  

•  Determines	  stakeholders’	  needs	  
•  ArHculates	  the	  quesHon	  
•  Translates	  quesHon	  into	  a	  research	  plan	  
•  Designs	  the	  experiment	  
•  Develops	  deep	  domain	  knowledge	  of	  data	  source	  

2.  Wrangles	  Data	  
•  Collects	  data	  

3.  Manages	  Data	  Resources	  
4.  Develops	  Methods	  and	  Tools	  

5.  Analyses	  Data	  
•  Develops	  analysis	  plan	  
•  Applies	  methods	  and	  tools	  
•  Evaluates	  results	  of	  the	  analysis	  
•  Answers	  the	  quesHon	  

6.  Communicates	  Findings	  
•  Compiles	  report	  	  
•  Describes	  the	  problem,	  method,	  and	  analysis	  
•  Contrasts	  alternaHve	  approaches	  and	  past	  result	  
•  Tells	  “data	  story”	  to	  convey	  insight	  

7.  Engages	  in	  Professional	  Development	  	  

Figure	  4.	  Comparison	  of	  the	  Science	  and	  Engineering	  PracHces	  (SEP)	  used	  to	  organize	  Performance	  ExpectaHons	  
(PE)	  arHculated	  in	  the	  Next	  GeneraHon	  Science	  Standards	  (Column	  A)	  and	  the	  mapping	  of	  the	  PEs	  to	  various	  task	  
categories	  determined	  for	  a	  big	  data	  occupaHonal	  profile	  (Column	  B).	  Of	  the	  71	  PEs	  at	  the	  high	  school	  level	  44%	  
(31/71)	  could	  reasonably	  construed	  to	  involve	  data	  and	  56%	  (40/71)	  did	  not	  involve	  working	  with	  data.	  Modified	  
from	  KasHns	  (2015).	  	  

One	  of	  the	  primarly	  pedagogical	  commitments	  when	  teaching	  data	  skills	  
involves	  contextualizing	  those	  skills	  within	  disciplinary	  problems	  (Figure	  6).	  
This	  requires	  a	  commitment	  to	  engaging	  students	  with	  realisHc	  data	  tasks.	  
Kastens	  has	  described	  a	  set	  of	  design	  paNerns	  for	  data-‐rich	  curricula	  including	  
Data	  puzzles;	  Pooling	  data	  to	  see	  the	  big	  picture;	  Make	  a	  decision	  or	  
recommendaHon;	  Predict-‐observe-‐explain;	  Nested	  data	  sets;	  and,	  Deriving	  a	  
new	  data	  type	  (Figure	  5).	  

Figure	  7.	  Screen	  shot	  from	  a	  collecHon	  of	  data	  literacy	  teaching	  and	  learning	  resources.	  View	  the	  complete	  set	  at	  
[hNps://qubeshub.org/groups/blue_data/collecHons/data-‐literacy-‐resources].	  


