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What	  is	  scien.fic	  literacy?	  
The	  Na.onal	  Research	  Council	  (NRC)	  defines	  scien.fic	  literacy	  as	  the	  
ability	  to	  “use	  evidence	  and	  data	  to	  evaluate	  the	  quality	  of	  science	  
informa.on	  and	  arguments	  put	  forth	  by	  scien.sts	  and	  in	  the	  media”	  

The	  Programme	  for	  Interna.onal	  Student	  Assessment	  describe	  scien.fic	  
literacy	  as	  “the	  capacity	  to	  use	  scien.fic	  knowledge	  to	  iden.fy	  ques.ons	  
and	  to	  draw	  evidence-‐based	  conclusions	  in	  order	  to	  understand	  and	  
help	  make	  decisions	  about	  the	  natural	  world	  and	  the	  changes	  made	  to	  it	  
through	  human	  ac.vity”	  

hXp://youtu.be/5gK2EEwzjPQ	   Gormally	  et	  al,	  2012	  



58%	  of	  students	  grades	  9	  
–	  12	  students	  answered	  
correctly	  

84%	  of	  intro	  bio	  students	  
at	  UNC	  Chapel	  Hill	  
answered	  correctly	  

23%	  of	  non-‐majors	  intro	  
bio	  students	  at	  NC	  A&T	  
State	  University	  
answered	  correctly	  

88%	  of	  anatomy	  
students	  at	  UC	  Irvine	  
answered	  correctly	  

But…	  



3.	  Students	  will	  be	  able	  to	  do	  ONE	  OR	  MORE	  of	  the	  following:	  
a.  Describe	  how	  scien.sts	  within	  the	  course	  discipline	  approach	  

and	  solve	  problems.	  
b.  Apply	  scien.fic	  knowledge/theore.cal	  models	  used	  in	  the	  

course	  discipline	  to	  solve	  problems	  and	  draw	  conclusions	  
using	  qualita.ve	  and/or	  quan.ta.ve	  analysis	  of	  data	  and	  
concepts.	  

c.  Explain	  the	  scope	  and	  limita.ons	  of	  scien.fic	  inquiry	  and	  the	  
scien.fic	  method	  as	  evidenced	  in	  the	  course	  discipline.	  

Below	  is	  the	  third	  learning	  outcome	  of	  UCI	  General	  Educa.on	  
Category	  II	  (Science	  and	  Technology)	  classes:	  

In	  other	  words,	  students	  should	  be	  developing	  
scien.fic	  literacy	  skills	  in	  non-‐majors	  science	  courses	  

But	  are	  they?	  

All	  college	  students	  have	  to	  take	  science	  
classes,	  even	  if	  they	  are	  non-‐science	  majors	  



Ques.ons	  

1.  How	  scien.fically	  literate	  are	  UCI	  students?	  
2.  Do	  UCI	  students	  become	  “more”	  scien.fically	  

literate	  by	  taking	  non-‐majors	  science	  classes?	  
3.  How	  do	  UCI	  students	  compare	  to	  students	  at	  

other	  universi.es?	  



Study	  Design	  

1.  Students	  enrolled	  in	  GE	  II	  courses	  completed	  
a	  pre-‐course	  instrument	  assessing	  scien.fic	  
literacy	  skills	  at	  the	  beginning	  of	  the	  Winter	  
2014	  quarter	  

2.  The	  same	  students	  (ideally)	  completed	  the	  
same	  instrument	  at	  the	  end	  of	  the	  Winter	  
2014	  quarter	  

3.  Analyze	  data	  and	  measure	  changes	  



Instrument	  

Cara	  Gormally	  
Peggy	  Brickman	  

Gauladet	  University	  
University	  of	  Georgia	  

Coming	  to	  UCI	  
Oct	  30	  2014	  



TOSLS	  
•  28-‐ques.on	  mul.ple	  choice	  test	  
•  Assessing	  scien.fic	  literacy	  skills	  in	  nine	  areas	  

	  







Execu.on	  
•  Six	  instructors	  (all	  LPSOEs!)	  teaching	  eight	  GE	  II	  
courses	  in	  the	  Winter	  2014	  quarter	  par.cipated	  
– Bio	  Sci	  9B:	  Bio	  and	  Chem	  of	  Food	  and	  Cooking	  (n	  =	  324)	  
– Bio	  Sci	  41:	  Aspects	  of	  Mood	  Disorders	  (73)	  
– Bio	  Sci	  75:	  From	  Concep.on	  to	  Birth	  (47)	  
– Bio	  Sci	  94:	  Organisms	  to	  Ecosystems	  (400)	  
– Bio	  Sci	  100:	  Scien.fic	  Wri.ng	  (389)	  
– Chem	  1A:	  General	  Chemistry	  (373)	  
– ESS	  3:	  Oceanography	  (396)	  
– ESS	  21:	  On	  Thin	  Ice	  (333)	  
NOTE:	  Bio	  94	  is	  the	  second	  intro	  biology	  course	  for	  majors,	  although	  anyone	  can	  take	  it	  
NOTE:	  Bio	  100	  is	  an	  upper-‐division	  wriEng	  class	  for	  biology	  majors	  (“posiEve	  control”)	  



Execu.on	  
•  TOSLS	  pre-‐survey	  was	  opened	  in	  week	  1	  to	  
students	  in	  all	  classes	  on	  EEE	  (our	  online	  LMS)	  
– Students	  received	  some	  credit	  for	  taking	  the	  survey	  

•  TOSLS	  post-‐survey	  was	  opened	  in	  week	  10	  online	  
– Students	  received	  some	  credit	  for	  taking	  the	  survey	  

•  On	  both	  surveys,	  students	  had	  to	  agree	  to	  
par.cipate	  in	  the	  study	  by	  answering	  “yes”	  to	  the	  
last	  ques.on	  

•  Par.cipant	  data	  was	  collected	  from	  the	  Registrar	  
– Major,	  class	  level,	  SAT	  score,	  GPA,	  gender,	  race,	  
Winter	  2014	  study	  list	  

S.ll	  wai.ng	  on	  this!!!	  



How	  many	  students	  took	  the	  survey?	  

2335	  possible	  students	  

1592	  took	  pre-‐survey	  

1140	  agreed	  to	  par.cipate	  

1355	  answered	  correctly	  

2335	  possible	  students	  

1394	  took	  post-‐survey	  

824	  agreed	  to	  par.cipate	  

1109	  answered	  correctly	  

619	  took	  both	  pre-‐	  and	  post-‐surveys	  

Pre-‐survey	   Post-‐survey	  

As	  you	  are	  taking	  this	  test,	  you	  should	  be	  carefully	  reading	  the	  
ques.ons	  and	  choosing	  the	  best	  answer	  for	  each	  ques.on.	  

The	  correct	  answer	  for	  this	  ques.on	  is	  choice	  D.	  Please	  answer	  
with	  choice	  D	  then	  move	  on	  to	  the	  next	  ques.on.	  

In	  the	  middle	  of	  the	  survey,	  the	  students	  were	  
asked	  a	  “are	  you	  paying	  aXen.on?”	  ques.on!	  

Only	  82.5%	  overall	  
answered	  correctly!	  



1.	  How	  did	  all	  of	  the	  students	  do	  
on	  the	  pre-‐survey?	  
Average	  score	  
(%	  correct)	   Stdev	   n	  

Pre-‐survey	  (all)	   56.9	   20.3	   1404	  
Pre-‐survey	  

(par.cipated)	   61.2	   19.5	   981	  

Pre-‐survey	  
(par.cipated	  &	  
paid	  aXen.on)	  

64.2	   17.8	   884	  

Post-‐survey	  (all)	   53.7	   22.6	   1303	  
Post-‐survey	  
(par.cipated)	   61.5	   21.3	   759	  

Post-‐survey	  
(par.cipated	  &	  
paid	  aXen.on)	  

65.1	   19.2	   679	  

Scores	  improve	  as	  you	  filter	  the	  data	  Chem	  1A	  data	  not	  included	  



Was	  there	  any	  varia.on	  by	  class?	  

Average	  score	  
(%	  correct)	   Stdev	   n	  

Bio	  9B	   64.6	   17.6	   184	  
Bio	  41	   62.1	   18.4	   36	  
Bio	  75	   67.5	   17.2	   20	  
Bio	  94	   67.2	   16.4	   228	  
Bio	  100	   72.2	   16.2	   142	  
Chem	  1A	   n/a	   n/a	   n/a	  
ESS	  3	   56.7	   18.2	   146	  
ESS	  21	   58.2	   16.5	   127	  

Star.ng	  here,	  only	  looking	  students	  who	  par.cipated	  
and	  paid	  aXen.on	  (unless	  otherwise	  noted)	  

There	  were	  differences	  based	  on	  class	  enrollment	  



Average	  score	  
(%	  correct)	   Stdev	   n	  

Pre-‐survey	  (all)	   56.9	   20.3	   1404	  
Pre-‐survey	  

(par.cipated)	   61.2	   19.5	   981	  

Pre-‐survey	  
(par.cipated	  &	  
paid	  aXen.on)	  

64.2	   17.8	   884	  

Post-‐survey	  (all)	   53.7	   22.6	   1303	  
Post-‐survey	  
(par.cipated)	   61.5	   21.3	   759	  

Post-‐survey	  
(par.cipated	  &	  
paid	  aXen.on)	  

65.1	   19.2	   679	  

2.	  Were	  there	  any	  changes?	   In	  short:	  NO	  



Was	  there	  varia.on	  by	  class?	  
Average	  score	  
(%	  correct)	   Stdev	   n	  

Bio	  9B	   67.2	   19.5	   126	  
Bio	  41	   56.1	   18.6	   30	  
Bio	  75	   65.6	   20.3	   16	  
Bio	  94	   67.2	   18.0	   191	  
Bio	  100	   70.8	   19.1	   128	  
Chem	  1A	   n/a	   n/a	   n/a	  
ESS	  3	   59.2	   19.0	   114	  
ESS	  21	   59.2	   18.1	   74	  



Did	  students	  improve?	  

No	  significant	  changes	  for	  any	  classes	  
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But	  what	  if	  we	  refine	  the	  data	  further?	  

•  Did	  specific	  groups	  of	  students	  improve,	  based	  
on	  major	  or	  class	  standing?	  

	  
Analysis	  of	  Bio	  Sci	  9B:	  The	  biology	  and	  

chemistry	  of	  food	  and	  cooking	  (324	  students)	  



Bio	  Sci	  9B	  
•  104	  students	  took	  both	  the	  pre-‐	  and	  post-‐
surveys	  
– Use	  only	  these	  students	  in	  following	  analyses	  

Average	  score	  
(%	  correct)	   Stdev	   n	  

Pre-‐survey	   68.1	   16.6	   104	  
Post-‐survey	   70.0	   18.2	   104	  

Learning	  Gain	  <g>	  =	  1.8%	  +/-‐	  48%	  

Effect	  size	  (Cohen’s	  d)	  =	  0.11	  
No	  significant	  difference	  

No	  significant	  differences	  on	  individual	  ques.ons	  either	  
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n	  =	  104	   36	   21	   14	   33	  

Pre:	  Freshman	  and	  senior	  
Post:	  Freshman	  and	  senior	  

Significant	  differences	  (p	  <	  0.05)	  

No	  significant	  changes	  from	  pre-‐	  to	  post	  for	  any	  group	  

Does	  class	  standing	  maXer?	  

Seniors	  scored	  higher	  than	  freshman	  
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Significant	  differences	  (p	  <	  0.05)	  

No	  significant	  changes	  from	  pre-‐	  to	  post	  for	  any	  group	  

Does	  major	  maXer?	  

Biologists	  scored	  higher	  than	  non-‐science	  majors	  



Are	  we	  actually	  teaching	  
students	  these	  skills?	  

•  Instructors	  were	  asked	  to	  say	  how	  much	  they	  
agreed	  /	  disagreed	  with	  the	  statements	  “in	  
this	  course,	  my	  students	  learned	  how	  to…”	  

•  Students	  were	  asked	  on	  the	  post-‐test	  to	  say	  
how	  much	  they	  agreed	  /	  disagreed	  with	  the	  
statements	  “in	  this	  course,	  I	  learned	  how	  to…”	  

Statements	  reflected	  the	  nine	  areas	  of	  scien.fic	  literacy	  defined	  by	  the	  TOSLS	  

Was	  there	  alignment	  between	  students	  and	  instructors?	  
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3.	  How	  do	  UCI	  students	  compare	  to	  
other	  students?	  

Average	  score	  
(%	  correct)	   Stdev	   n	  

Pre-‐survey	   64.2	   17.8	   884	  
Post-‐survey	   65.1	   19.2	   679	  

Gormally	  et	  al,	  2012	  
Our	  students	  are	  doing	  about	  par	  for	  the	  course	  



Next	  steps	  /	  Ques.ons	  

•  Repeat	  analysis	  for	  all	  classes	  
•  Get	  registrar	  data	  and	  analyze	  data	  further	  
•  Re-‐do	  the	  study	  (or	  parts	  of	  it)	  
– Do	  surveys	  in	  class	  

•  Are	  students	  trying	  /	  caring	  /	  mo.vated?	  
•  Is	  8	  -‐	  10	  weeks	  enough	  to	  show	  an	  improvement?	  
•  Should	  we	  even	  worry	  about	  this?	  
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