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QUESTIONS	  

1)  What	  new	  do	  we	  know	  about	  learning	  basic	  
skills	  in	  mathema0cs	  ?	  

2)  What	  do	  we	  really	  know	  about	  computer-‐
assisted	  instruc0on	  of	  basic	  mathema0cal	  
skills	  ?	  

3)  What	  should	  I	  take	  into	  account,	  when	  I	  
select	  computer	  assisted	  tools	  for	  my	  
classroom	  ?	  

WHAT	  NEW	  DO	  WE	  KNOW	  ABOUT	  LEARNING	  BASIC	  
SKILLS	  IN	  MATHEMATICS	  ?	  

WHAT	  KIND	  OF	  THINGS	  SHOULD	  INCLUDED	  IN	  COMPUTER-‐ASSISTED	  
INSTRUCTION	  OF	  BASIC	  MATHEMATICAL	  SKILLS	  ?	  
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Figure	  1.	  Ra0os	  of	  neuropsychological	  research	  on	  reading,	  wri0ng	  and	  
mathema0cal	  cogni0on	  between	  1990–2000	  (Ardila	  &	  Roselli,	  2002)	  
and	  2000–2010	  (Räsänen	  &	  Koponen,	  2010).	  

Source: Räsänen & Koponen (2010). NMI-Bulletin. 
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Educa0onal	  neuroscience	  

•  neuroscien0fic	  research	  has	  changed	  and	  will	  
change	  our	  understanding	  what	  learning	  is	  

•  in	  reading,	  e.g.	  
– BIG	  THEORETICAL	  AND	  PRACTICAL	  CHANGES:	  
importance	  of	  phonological	  awareness	  and	  skills	  

– BETTER	  UNDERSTANDING	  OF	  SMALL	  DETAILS:	  
why	  children	  produce	  mirror	  images	  in	  reading	  
and	  wri0ng	  
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Educa0onal	  neuroscience	  

•  How	  educa0onal	  neuroscience	  is	  changing	  our	  
understanding	  of	  numerical	  cogni0on	  ?	  

•  BIG	  THEORETICAL	  AND	  PRACTICAL	  CHANGES:	  
understanding	  how	  brains	  process	  
magnitudes	  and	  rela0ons	  between	  
magnitudes	  

•  SMALL	  DETAILS:	  representa0ons	  of	  number	  
line	  

6	  
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Short	  introduc0on	  current	  research	  
on	  mathema0cal	  cogni0on	  

•  How	  do	  we	  process	  the	  MEANING	  of	  numbers	  
–  implica0ons	  to	  educa0on	  

–  implica0ons	  to	  special	  educa0on	  
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Piazza,	  M.	  (2010).	  Developmental	  trajectory	  of	  number	  acuity	  reveals	  a	  
severe	  impairment	  in	  developmental	  dyscalculia.	  Cogni0on,	  116,	  33–41.	  

11	  

See also: Impaired parietal magnitude processing in Developmental Dyscalculia  
Price, Holloway, Räsänen, Vesterinen, & Ansari (2008) Current Biology 



4/20/11 

5 

13	  

Representa0ons	  of	  magnitude	  

•  Even	  4–5	  year	  old	  children	  understand	  the	  
concept	  of	  addi0on	  and	  subtrac0on	  with	  large	  
quan00es	  (Barth	  et	  al.,	  2005,	  2006)	  
– even	  though	  they	  can	  not	  calculate	  the	  exact	  
answers	  or	  even	  name	  the	  numbers	  correctly	  

–  this	  basic	  understanding	  of	  quan00es	  is	  not	  
explicitely	  taken	  into	  focus	  of	  educa0on,	  but	  
assumed	  to	  be	  self-‐evident	  for	  children	  
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Representa0ons	  of	  magnitude	  

•  forms	  the	  founda0on	  of	  basic	  numerical	  
understanding	  

•  can	  not	  be	  found	  from	  school	  books	  or	  
curriculums	  

•  the	  whole	  ques0on	  absent	  in	  teacher	  educa0on	  
•  some	  new	  CAI	  games	  have	  implemented	  these	  
ideas	  	  
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Representa0ons	  of	  numbers	  

•  Meaning,	  i.e.	  understanding	  the	  “size”	  is	  based	  
on	  similar	  or	  intertwined	  mechanism	  as	  the	  
representa0on	  of	  magnitudes	  is	  

•  Size	  of	  number	  is	  scale	  and	  context	  dependent	  
•  E.g.	  is	  8	  large	  or	  small	  

–  In	  scale	  1-‐10	  or	  compared	  to	  4:	  large	  
–  In	  scale	  1–100	  or	  compared	  to	  55:	  small	  

15	  
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Mental	  Numerical	  Scales	  
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Small	  details	  

•  Even	  small	  details	  in	  number	  line	  training	  may	  
majer	  
– e.g.	  ”coun0ng	  from	  1”	  vs.	  ”coun0ng	  on”	  in	  board	  
game	  training	  (Laski,	  2011)	  
•  coun0ng	  from	  1:	  no	  learning	  effect	  to	  math	  skills	  

•  coun0ng	  on:	  clear	  learning	  effect	  to	  math	  skills	  

– compare:	  addi0on	  strategies	  
– solu0on	  strategies	  not	  usually	  controlled	  in	  CAI	  

21	  
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What	  do	  we	  really	  know	  about	  computer-‐assisted	  
instruc0on	  of	  basic	  mathema0cal	  skills	  ?	  

DO	  WE	  HAVE	  EVIDENCE	  BASED	  EDUCATION	  ?	  

23	  

CAI	  

•  There	  is	  more	  than	  1000	  programs	  for	  math	  
educa0on	  

•  about	  a	  same	  amount	  of	  math	  educa0on	  
related	  web	  pages	  with	  materials	  or	  
illustra0ons	  

•  how	  much	  do	  we	  have	  controlled	  studies	  on	  
these	  applica0ons	  ?	  

23	  

24	  24	  
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Results	  

•  database	  search	  (Psyinfo,	  Educa0on	  Full	  Text,	  
Academic	  Search	  Premier,	  Google	  Scholar,	  
Educa0onal	  Resources	  Informa0on	  Center	  
(ERIC))	  from	  January	  1980	  to	  September	  2008	  

•  only	  11	  controlled	  studies	  found	  with	  
appropriate	  data	  published	  

•  Räsänen	  et	  al.	  (2009)	  analysed	  5	  of	  these	  
studies	  which	  were	  targeted	  to	  primary	  
grades	  	  

25	  

26	  

Targets	  of	  math	  CAI	  	  
(in	  Bloom’s	  taxonomy)	  

26	  

Cognitive processes!

Knowledge	  
dimension	  

Remember! Understand! Apply! Analyze! Evaluate! Create!

Factual Knowledge"

Conceptual 
Knowledge"

Procedural 
Knowledge"

Meta-Cognitive 
Knowledge"

27	  

Räsänen,	  P.,	  Salminen,	  J.,	  Wilson,	  A.,	  Aunio,	  P.,	  &	  Dehaene,	  S.	  (2009).	  Computer-‐assisted	  interven0on	  for	  
children	  with	  low	  numeracy	  skills.	  Cogni0ve	  Development,	  24,	  450–472.	  

27	  

Effect sizes for 
CAI on early 
numbers skills (6–
9y) on different 
types of 
interventions in 
groups of children 
with SEN 

ES= 0.67 
(CI= -0.15–1.49) 
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Effective Instructional Practices Mean Effect Size 

Mnemonic Instruction 1,62 

Self-Monitoring 1,36 

Reinforcement 1,17 

Self-Questioning 1,16 

Drill & Practice 0,99 

Strategy Instruction 0,98 

Feedback 0,97 

Direct Instruction 0,93 

Visual Displays 0,90 

Computer-Assisted Instruction 0,87 

Repeated Reading 0,76 

Error Correction 0,72 

Early Intervention  0,71 

Formative Evaluation 0,70 

Peer Mediation 0,64 

Diagnostic-Prescriptive Teaching 0,64 

Peer Tutoring 0,62 

Positive Class Morale 0,60 

Grouping 0,43 

Cooperative Learning 0,40 

Increased Time 0,38 

Kavale, K.A. (2007). Quantitative Research Synthesis: Meta-Analysis of Research on Meeting Special 
Educational Needs. In Lani Florian (Ed.) Handbook of special education. Sage Publications. 

29	  

Kulik,	  J.A.	  (1994).	  Meta-‐analy0c	  studies	  of	  findings	  on	  computer-‐based	  instruc0on.	  In	  Baker	  &	  
O’Neil	  (eds.)	  Technology	  assessment	  in	  educa0on	  and	  training.	  NJ:	  Lawrence	  Erlbaum.	  

29	  

Average ES of CAI in 
elementary schools was .32 
(SD=.39). This means about 3 
months gain due to CAI. 

What	  should	  I	  take	  into	  account,	  when	  I	  select	  
computer	  assisted	  tools	  for	  my	  classroom	  ?	  

Star0ng	  to	  use	  CAI	  
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BENEFITS	  of	  CAI	  

•  Visualisa0on	  ?	  
•  Individualisa0on	  ?	  
•  Feedback	  ?	  
•  New	  educa0onal	  methods	  

31	  
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Visualisa0on	  

•  Computers	  allow	  visualising	  mathema0cs	  

•  visualisa0on	  vs.	  concrete	  manipula0ves	  

•  playing	  with	  concrete	  3D	  materials	  seems	  to	  
be	  a	  bejer	  choice	  than	  with	  their	  2D	  
illustra0ons	  on	  computers	  
– excep0on:	  complex	  modeling	  in	  upper	  grades	  
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Individualisa0on	  

•  Computers	  allow	  individualisa0on	  of	  educa0on	  via	  two	  
ways	  
–  one-‐to-‐one	  HCI	  with	  selected	  content	  
–  adapta0on	  implemented	  in	  the	  applica0on	  

•  hugh	  economical	  advantage	  over	  teacher-‐child	  
interac0on	  (TCI)	  

•  TCI	  beats	  HCI	  as	  a	  teaching	  method	  

•  problem:	  limited	  evidence	  on	  effec0ve	  ways	  of	  
adata0on	  

33	  
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Feedback	  

•  Computers	  can	  give	  IMMEDIATE	  feedback	  
– not	  possible	  in	  classroom	  senngs	  

•  Different	  types	  of	  feedback	  not	  studied	  
properly	  

•  Most	  of	  the	  CAI	  applica0ons	  give	  only	  
correc0ng	  or	  mo0va0ng	  feedback	  

34	  

Vasilyeva, I., Puuronen, S., Pechenizkiy, M., & Räsänen, P. (2007). Feedback Adaptation in 
Web-based Learning Systems. International Journal of Continuous Engineering Education and 
Life-Long Learning. 17(4/5), 337 – 357. 

An	  example:	  Subtrac0on	  
•  You	  can	  directly	  try	  the	  example	  task	  in	  net	  

–  unfortunately	  instruc0ons	  currently	  only	  in	  Finnish	  
•  Implemented	  in	  a	  web-‐based	  educa0onal	  java	  
environment	  (run	  by	  Na0onal	  Board	  of	  Educa0on	  
and	  NMI)	  

•  hjp://www2.edu.fi:80/neure/pub/login.do?
j_username=neuredemo&j_password=demo	  
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Subtrac0on	  task	  
•  CAI	  task	  to	  train	  subtrac0on	  0–18	  

–  adapts	  to	  child’s	  skill	  level	  
–  gives	  support	  via	  illustra0ons	  

•  Levels:	  
–  concrete	  

–  numberline	  

–  strategy	  	  

–  automa0sa0on	  (increased	  0me	  pressure)	  

37	  
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Subtrac0on	  

•  Adapta0on	  
– 3	  dimension	  

– 1:	  type	  of	  visualisa0on	  (implemented	  in	  levels)	  

– 2:	  size	  of	  minuend	  (within	  each	  training	  session)	  
– 3:	  size	  of	  answer	  (within	  each	  training	  session)	  

•  correct	  answer:	  values	  of	  Minuend	  and	  Answer	  will	  
grow	  

•  incorrect	  answer:	  values	  of	  Minuend	  and	  Answer	  will	  
become	  smaller	  

39	  
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Subtrac0on	  -‐	  pilot	  study	  (n=10)	  

40	  

ES 

SUMMARY	  
Star0ng	  to	  use	  CAI	  

42	  

Summary:	  ICT	  in	  basic	  math	  educa0on	  

•  limited	  support	  from	  research	  

•  strategic	  and	  cogni0ve	  models	  of	  teaching	  
outperform	  CAI	  in	  effec0veness	  

•  concrete	  bejer	  than	  their	  CAI	  illustra0ons	  
•  useful	  in	  well-‐aimed	  purposes:	  drill-‐and-‐
prac0ce	  tasks	  with	  proper	  feedback	  and	  
adapta0on	  

42	  
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Summary:	  ICT	  in	  basic	  math	  educa0on	  

•  benefit	  in	  special	  educa0on	  	  
– allows	  individualisa0on	  and	  saves	  human	  resources	  

•  current	  applica0ons	  limited	  in	  their	  
”educa0onal	  depth”	  	  
–  traning	  targeted	  to	  factual	  and	  procedural	  memory	  

•  CAI	  best	  when	  combined	  with	  teacher	  offering	  
conceptual,	  strategic	  and	  metacogni0ve	  
training	  in	  understanding	  and	  applying	  math	  
contents	  
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Adver0sement	  

•  version	  3	  of	  the	  
NumberRace	  game	  
will	  appear	  in	  
summer	  2011	  
–  combined	  

magnitude	  and	  
number	  
comparison	  and	  
numberline	  training	  

–  open	  source:	  free	  
to	  use,	  free	  for	  
transla0ons	  
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Thank	  you	  !	  

•  Contact:	  
•  Pekka	  Räsänen,	  pekka.rasanen@nmi.fi	  
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