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Ra(onale&

•  Inquiry&&recommended&across&EU,&results&?&
PISA&?&inconsistent?&

•  Limited&«&interven(ons&»&:&relevance&?&
•  Time&needed&to&develop&IBL&abili(es&:&long&!&
•  Teacher&involvement,&aHtude&change,&
professional&iden(ty&issues…&

•  Long&term&involvement&in&demanding&design&?&0& 5& 7&
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&Scien(fic&knowledge&?&

•  Gene(c&difference&between&humans&and&
chimp&1.23%&&ici&

•  Gene(c&difference&between&2&humans&12%,&&
•  Mother&and&son&50%&of&their&DNA&in&common.&&
•  Scien(fic&truth&
The&Chimpanzee&Sequencing&and&Analysis&Consor(um.&(2005).&Pan&troglodytes&(chimpanzee)&genome&view.&from&
NIH&hhp://www.ncbi.nlm.nih.gov/projects/mapview/map_search.cgi?taxid=9598&
&
Redon,&R.,&Ishikawa,&S.,&Fitch,&K.&R.,&Feuk,&L.,&Perry,&G.&H.,&Andrews,&T.&D.,&…&Hurles,&M.&E.&(2006).&Global&varia(on&
in&copy&number&in&the&human&genome.&Nature,&444(7118),&444�454.&doi:10.1038/nature05329&
&
&
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Scien(fic&understanding-
•  Jus(fied&(Toulmin&1958)&&

–  Based&on&experimental&data&
–  Aware&of&methods&models&and&assump(ons&n>&limita(ons&
–  Debated&with&community&

•  Subjected&to&peernreviewing&

•  “Thickness”&of&scien(fic&understanding&
•  Understanding&is&within&student&/&built&social&confronta(on&

–  To&understand-scien(fically&&
≠&to&know&about&science&

•  Autonomous&jus/fica/on&necessary&for&Sci&understanding.&&
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Jus(fica(on&in&science&and&in&school&

•  Experiment&–&publica(on&n&discussion&(social&
confronta(on)&

•  Science&–&Nature&n>&proxy&for&experiment&
•  Textbook&:&proxy&for&proxy&for&experiment…&&
•  Teacher&handout&:&proxy&for&proxy&for&proxy&for&experiment&…&
Didac(cal&transposi(on&(Chevallard,&1991)&Loss&of&methods,&
uncertainty,&limits,&discussion,&n>&defini(ve&visually&striking&testable&conclusion&
n>&Confront&students&to&authenLc&resources&
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IBL&:&focus&on&learning-

«&In other lectures, you wait a few 
moments and the teacher gives the 
answer, so you write it down and don’t do 
the effort of thinking, and finally you 
must redo all the work of understanding 
at home. '’&&
Student&in&ques(onnaire&end&of&year&2006&

Inquiry&…a&sharing&of&responsibility&towards&knowledge&between&the&
teacher&and&the&students&leaving&important&parts&of&responsibility&to&
the&students&BuenonRavel,&L.&et&al.&(2010)&Mind-the-Gap.&
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Teacher&role&?&&

•  Don’t&teach,&&
– because&science&is&not&learning&it&is&jus(fying&&
– because&it&doesn’t&work&

•  Manage&interac(ons&learners&–&authen(c&
resources&&

•  Manage&interac(ons&leaners&–&learners,&&
•  Elicit,&supervise&ques(ons&evolu(on&
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Most&cri(cal&design&elements&

•  1&°&Authority&separa(on&
– Scien(fic&authority&from&experiment&or&authen(c&
resources&
• Wean&students&from&T&authority&in&jus(fica(on&

– Firm&but&encouraging&pedagogical&authority&:&T&
– Guide&by&nego(a(ng&ques(ons&
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Janeway,&fig&A9&

Which&Q°&is&«&more&scien(fic&»&?&&

– Discuss&with&neighbor&(1&’)&
&

•  1)&What&is&the&universal&donor&blood&(udb)&
group&?&&
&

•  2)&Why&is&mixing&same&bloods&different&when&
giving&udp&and&receiving&udp&?&&

– Vote&1&or&2&
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Good&scien(fic&ques(on?&

•  Biology&main&ques(on&&
– Ontological,&Descrip(ve&n>&1950&
– Underlying&&mechanism&(Morange,&2003)&
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Ques(on&evolu(on&&
conceptual&refinement&
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Most&cri(cal&design&elements&

•  2°&Student&responsibility&(towards&peers)&of&
developing&&a&share&of&knowledge&

•  Learners&«&own&»&Q°&(want&to&/&understand)&
•  Chapter&divided&into&groups&
•  Conwri(ng&of&cri(cal&document&for&peers&to&prepare&exams&
•  Peer&presenta(ons&–&early&

•  Commitment&to&knowledge&improvement&&
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The&design&we&analyzed&
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Ques(onncentered&and&Q°ndriven&&

– RD8:&Ques(ons&nego(ated&in&reference&to&the&
objec(ves&drive&inves(ga(on&&
•  Supervise&Q°&~&as&conceptual&ahractors&&
•  Ques(on&refinement&:&vague&Q°&n>&&good&Q°&

– RD10:&Responses&should&address&the&concept&
defined&by&the&ques(on:&conceptual&coherence&of&
ques(ons&and&corresponding&answers&
•  Allows&guidance&
•  Prevents&“Google&n&drowning&“&
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Cri(cal&variable&for&guiding&&

•  Good&scien(fic&answer&?&
•  Epistemic&complexity&(K.&Hakkarainen,&2003,&Zhang,&J.,&Scardamalia,&2007)&

– Facts&simple&elaborated&explana(ons&simple&elaborated&

•  Quality&of&answer&&
– Content&independent&&
– Relevant&(Morange&2003)&

Lombard,&F.&E.,&&&Schneider,&D.&K.&(2013).%Good%student%quesLons%in%inquiry%
learning.&Journal-of-Biological-Educa/on,-47(3),&166n174.&doi:&
10.1080/00219266.2013.821749&
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Simple&facts…&to&…&
Elaborated&explanaLons&

•  Reasons,&rela(onships,&or&mechanisms&
elaborated.&&
&

How are the antigen-specific type of lymphocytes activated 
by cytokines, i.e. what is double activation? 
Double activation. Certain T8 responses require T4 : T8 
recognizing antigens on weakly co-stimulatory cells can 
only be activated in presence of T4 linked to the  same APC. 
This happens mainly by way of a T4 recognizing an antigen 
on an activated APC inducing high levels of co-stimulatory 
activity on the APC, which in turn activates T8 to produce 
it’s own IL-2. (Translated from french by author) »  
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Teacher&interven(on&n>phase&change&
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Ques(on&nego(a(on&

•  Ques(ons&mainly&arise&from&resources&and&
ac(vi(es&&

•  Ques(ons&are&revised&during&presenta(ons&
•  Ques(ons&are&supervised&by&T&
•  Q°&framed&by&Objec(ves,&guided&by&paradigm&n&
resources&&
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Teacher&centered&view&
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Studentn&Teacher&share&common&goal&
of&conceptual&knowledge&deepening&&
– Assessment,&feedback&focused&on&improvement&:&&

•  RD23:&Teacher&feedback&encourages&cogni(ve&conflicts&by&
highligh(ng&inconsistencies&or&differences&in&explana(ons&
intrantext&,&interntexts&and&with&external&resources&

•  disappearing&scaffolding&
– Write&n&discuss&cycle&to&learn&

•  RD22:&Many&itera(ons&of&(co)&wri(ng&guided&by&a&
construc(ve&feedback&can&support&knowledge&building&

–  Coopera(ve&structure&(IP&+&RI)&&
•  Student&produc(on&important&for&peers,&shared&produc(on&
•  RD5:&Expose&to&peer&ideas&during&elabora(on&process&and&
encourage&&socioncogni(ve&confronta(on.&
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Focus&on&student&knowledge&
improvement-

•  Tolerate&imperfec(on,&but&progressively&
develop&quality&of&explana(on&

•  Assess&for&progress&not&moral&values&
– Allow&revision&
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What&guidance&?&
–  Firm,&encouraging&pedagogical&authority&allows&
student&autonomy&&
•  RD27:&Educa(onal&authority&is&largely&embedded&in&the&
structure&of&the&design&thus&confirming&the&freedom&of&
students&within&that&framework&and&frees&the&teacher&for&&
conceptual&control&and&rela(onship&management&

–  Conceptual&guidance,&supervision&
•  RD14:&Teacher&insures&at&least&one&ques(on&colonizes&each&
major&sector&of&the&conceptual&field&and&avoids&conceptual&
shadows&&

•  RD16:&The&(me&for&transi(on&between&ac(vi(es&can&be&
established&by&observing&the&coloniza(on&of&the&conceptual&
field&and&the&emergence&of&&epistemic&complexity&

Vous%êtesIvous%senLs%autonomes%mais%suffisamment%encadréIe%
(à%la%fin)%?%
Je%me%suis%senL%désorientéIe%=1%I>%L'autonomie%me%convenait%
bien%=4%

Average&4&years&=&3.41&out&of&4&&sd.=&0.69&N&=&22&&&
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Accept&imperfec(on&of&teacher&

•  Dont&panic&if&they&don’t&work&immediately&
•  Concentrate&on&geHng&THEM&to&work&
•  Don’t&feel&guilty&if&YOU%are&not&teaching&
•  Accept&student&superncompetency&&
•  Let&them&see&what&they&have&
learnt&/&be&proud&of&what&they&learnt,&celebrate&

•  Enjoy&the&taste&of&understanding&&&Astolfi&(2008)&
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Sample&&
•  19&year&old&final&higher&secondary&school&
students&N&~&98&&

•  Wiki&records&106&words&
– Ques(onnaires&&

•  End&of&year&
•  1&year&later&at&university&

•  2002n2014&&
•  Full&year&inquiry&
•  12n16&students&/&4&groups&
•  Normal&(me,&curriculum,&exams&&

T=R&!&&
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Truth&in&science&?&

•  Science&is&models&&
– Hypothe(cal&
– Modifiable&
– Appropriate&for&certain&problems&
– Limited&scope&(Mar(nand,&1996)&

•  Models&are&accepted&for&their&capacity&to&
explain&data&≠&truth&
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Hanign1901&

Didac(cal&transposi(on&

Didac(cal&Transposi(on&&(Chevallard&1991)&&
Loss&of&methods,&uncertainty,&limits,&discussion,&&
n>&defini(ve&conclusion,&visual,&assessable,…&
&

&
Confront&students&to&authen(c&resources&
&
&

Chandrashekar,&J.,&Hoon,&M.&A.,&Ryba,&N.&J.&P.,&&&Zuker,&C.&S.&(2006).&The&receptors&and&cells&for&mammalian&taste.&
Nature,-444(7117),&288n294.&&


