
403

INVESTIGACIÓN DIDÁCTICA

Resumen. !"#$%&'&()&#*%)+,-".# )./*#,./.#$-().#0&#$*%)10*# "*# 1()%.0-,,12(#0&"#/.0&".#,.(,&$)-*"# ,./$"&3.#0&# '&%#414.#&(# "*# 5.%/*,12(#
1(1,1*"# 0&#/*&')%.'#0&# "*# &'$&,1*"10*0#0&#!0-,*,12(#6%1/*%1*7#8&',%19&# "*# %&*"1:*,12(#0&#-(*# 1(4&')1;*,12(#&4*"-*)14*# '.9%&#-(#$%.;%*/*#
0&# "*# *'1;(*)-%*# 0&#810<,)1,*# 0&# "*'#=1&(,1*'#!>$&%1/&()*"&'7#L*# 1(4&')1;*,12(# '&# ,&()%*# &(# ".'# ,*/91.'# @-&# &')1/-"*# &"# $%.;%*/*# &(# "*#
%&$%&'&()*,12(#0&"#/.0&".#/&()*"#0&#'&%#414.#@-&#%&*"1:*#&"#*"-/(*0.#*()&'#A#0&'$-B'#0&#"*#*$"1,*,12(#0&"#$%.;%*/*7#=./.#,.(,"-'1.(&'#'&#
*$.%)*(#*";-(*'#.%1&()*,1.(&'#/&).0."2;1,*'#@-&#$-&0&(#5*4.%&,&%#"*#&4."-,12(#0&"#/.0&".#/&()*"#@-&#)1&(&#&"#*"-/(*0.#'.9%&#".'#'&%&'#414.'#
C*,1*#&"#/.0&".#,.(,&$)-*"#@-&#$%.$.(&#"*#,1&(,1*#,.()&/$.%<(&*7
Palabras clave. =./$"&310*0D#/.0&".#,.(,&$)-*"#'&%#414.D#5.%/*,12(#1(1,1*"#0&#$%.5&'.%*0.D#1(4&')1;*,12(#&4*"-*)14*7

Guidance to favour the presence of the complex conceptual model of 5live being8 in the initial training of teachers
Summary. EC&#*%)1,"&#$%&'&()&0#-'&'D#*'#*#')*%)1(;#$.1()D#)C&#1()%.0-,)1.(#.5#)C&#,./$"&>#,.(,&$)-*"#"14&#9&1(;#/.0&"#1(#)C&#1(1)1*"#)%*1(1(;#.5#
)&*,C&%'#FC.'&#&'$&,1*"1)A#1'#1(#6%1/*%A#!0-,*)1.(7#G)#0&',%19&'#)C&#&4*"-*)14&#1(4&')1;*)1.(#.5#*#$%.;%*//&#.5#*#'-93&,)#1(#810*,)1,#!>$&%1/&()*"#
H,1&(,&'7#EC&#1(4&')1;*)1.(#1'#,&()&%&0#*%.-(0#)C&#,C*(;&'#FC1,C#')1/-"*)&#)C&#$%.;%*//&#1(#)C&#%&$%&'&()*)1.(#.5#)C&#/&()*"#"14&#9&1(;#/.0&"#
FC1,C#1'#,*%%1&0#.-)#9A#)C&#')-0&()'#9&5.%&#*(0#*5)&%#)C&#*$$"1,*)1.(#.5#)C&#$%.;%*//&7#EC&#,.(,"-'1.('#9%1(;#'./&#/&)C.0.".;1,*"#1(01,*)1.('#
FC1,C# ,.-"0# 5*4.-%# )C&# &4."-)1.(#.5# )C&#/&()*"#/.0&"#FC1,C# )C&# ')-0&()'# C*4&# *9.-)# )C&# "14&# 9&1(;'D# ).F*%0'# )C&# ,.(,&$)-*"#/.0&"#FC1,C#
,.()&/$.%*%A#',1&(,&#$%.$.'&'7#
Keywords. =./$"&>1)AD#1(1)1*"#)&*,C1(;D#)%*1(1(;#5.%/*)1.(D#*''&''/&()#%&'&*%,CD#,.(,&$)-*"#/.0&"#.5#I"14&#9&1(;J7

ENSEÑANZA DE LAS CIENCIAS, 2008, 26(3), 403–418

ORIENTACIONES DIDÁCTICAS PARA FAVORECER 
LA PRESENCIA DEL MODELO CONCEPTUAL COMPLEJO 
DE SER VIVO EN LA FORMACIÓN INICIAL DE
PROFESORADO DE EDUCACIÓN PRIMARIA1

#
Bonil, Josep y Pujol, Rosa Maria
8&$7#810K,)1,*#0&#"*#L*)&/K)1,*#1#"&'#=1M(,1&'#!>$&%1/&()*"'D#N(14&%'1)*)#O-)P(./*#0&#B*%,&".(*
3.'&$79.(1"R-*97&'
%.'*/*%1*7$-3."R-*97&'

L*# 5.%/*,12(# 1(1,1*"# 0&"# $%.5&'.%*0.# ,.(')1)-A&# -(#
(S,"&.# '1;(1#,*)14.# 0&# 1(4&')1;*,12(# &(# &"# ,*/$.# 0&#
"*#810<,)1,*#0&#"*'#=1&(,1*'#!>$&%1/&()*"&'#TG1/&(., 
1988;# G/9&%(2(D# VWWXY# 6.%"<(# A# Z14&%.D# X[[\Y# L*%]
)+(#0&"#6.:.#A#6.%"<(D#X[[[Y#L&""*0.D#VWW^). !()%&#"*'#
/S")1$"&'#$%.$-&')*'#$*%*#)%*)*%#&"#)&/*D#'&#&(,-&()%*(#
*@-&""*'# ,&()%*0*'# &(# &"# &')-01.#0&"# ,.(.,1/1&().#01]
0<,)1,.#0&"#,.()&(10.#THC-"/*(D#X[\_`7#a')&#,.(')1)-A&#
-(#'-9'1')&/*#0&()%.#0&"#,.(.,1/1&().#$%.5&'1.(*"#0&"#
0.,&()&#A#&/&%;&#0&"#01<".;.#&()%&#&"#,.(.,1/1&().#0&#
-(*#/*)&%1*#&'$&,+#,*D#&"#,.(.,1/1&().#$'1,.$&0*;2;1]
,.#;&(&%*"#A#&"#,.(.,1/1&().#%&"*)14.#*#,2/.#&('&b*%#
01,C*#/*)&%1*7

8&'0&#&"#,.(.,1/1&().#010<,)1,.#0&"#,.()&(10.#&'#,"*4&#
,.(&,)*%# ".'#/.0&".'# &>$"1,*)14.'# 0&# ".'# 0.,&()&'# ,.(#
*@-&"".'#/.0&".'#,.(,&$)-*"&'#;&(&%*0.'#$.%#"*#,1&(,1*#
,.()&/$.%<(&*7#E*/91B(#'&#C*,&#(&,&'*%1*#-(*#%&#&>12(#
)&2%1,.]$%<,)1,*#'.9%&#"*#5.%/*#0&#01'&b*%D#*$"1,*%#A#&4*]
"-*%#,.()&>).'#&0-,*)14.'#5*4.%&,&0.%&'#0&#"*#$%&'&(,1*#
0&# "*# ,1&(,1*# *,)-*"# &(# "*'# *-"*'7#O/9.'# *'$&,).'# '.(#
'1;(1#,*)14.'# &(# &"# 01'&b.#0&#$%.;%*/*'#0&# 5.%/*,12(#
1(1,1*"#0&"#$%.5&'.%*0.7

L*# 5.%/*,12(# 1(1,1*"# 0&"# $%.5&'.%*0.# &'# -(# $%.,&'.#
,.()1(-*0.# 0&# $"*(1#,*,12(D# *$"1,*,12(# A# /&3.%*# 0&#
".'# $%.;%*/*'# @-&# "*# 1/$-"'*(7# !'# $-&'# 5-(0*/&()*"#

1. INTRODUCCIÓN



INVESTIGACIÓN DIDÁCTICA

404 ENSEÑANZA DE LAS CIENCIAS, 2008, 26(3)

###@-&#B').'D#-(*#4&:#01'&b*0.'#A#*$"1,*0.'D#'&#'./&)*(#*#
$%.,&'.'#&4*"-*)14.'#@-&#$&%/1)*(#,.(.,&%#'-#%&$&%,-'12(#
'.9%&#&"#*"-/(*0.#A#.%1&()*%#"*#)./*#0&#0&,1'1.(&'#$*%*#
/&3.%*%".'7

!(# &')&# *%)+,-".# '&# $%&'&()*(# *";-(.'# *'$&,).'# 9<'1,.'#
0&"#/.0&".#,.(,&$)-*"#0&#'&%#414.#*#"*#"-:#0&"#$*%*01;/*#
0&# "*#,./$"&310*07#6%.$.(&# "*# 1(4&')1;*,12(#&4*"-*)14*#
,-A*#5-(,12(#&'#*'1;(*%#4*".%#*"#$%.;%*/*#0&'*%%.""*0.#A#
.%1&()*%#'-#,*/91.7#8&',%19&#014&%'.'#*'$&,).'#0&#01,C*#
1(4&')1;*,12(#A#$%&'&()*#*";-(.'#0&#".'#%&'-")*0.'#.9)&]
(10.'7#6.%#S")1/.#&>$.(&D#*#/.0.#0&#,.(,"-'12(D#4*%1*'#
'-;&%&(,1*'#$*%*#5*4.%&,&%#".'#$%.,&'.'#0&#/.0&"1:*,12(#
0&"# 5-)-%.# $%.5&'.%*0.# 0&# &0-,*,12(# $%1/*%1*# C*,1*# &"#
/.0&".#,.(,&$)-*"#,./$"&3.#0&#'&%#414.7

2. MARCO TEÓRICO

G()%.0-,1%# &(# &"# *-"*# ".'# /.0&".'# ,.(,&$)-*"&'#
&"*9.%*0.'#$.%#"*#,1&(,1*#,.()&/$.%<(&*#,.(')1)-A&#-(.#
0&#".'#.93&)14.'#5-(0*/&()*"&'#0&#"*#&0-,*,12(#,1&()+#,*#
TG1&%&D# X[[[Y# G-)1B%%&:D# VWWcY# G:@-1&%0.# &)# *"7D# X[[[D#
6-3."D# VWW^Y# H*(/*%)+D# VWWV`7# !').'# /.0&".'# 0&9&(#
5*,1"1)*%#*"#*"-/(*0.#"*#1()&%$%&)*,12(#0&#".'#5&(2/&(.'#
0&"#/-(0.#5+'1,.D#A#""&4*%".#*#@-&#0&'*%%.""&#"*#,*$*,10*0#
0&#&"*9.%*%#$%&01,,1.(&'#A#)./*%#0&,1'1.(&'7#L*#,1&(,1*#
&',."*%#,.(')1)-A&#-(*#*$%.>1/*,12(#)&2%1,*#@-&#$&%/1)&#
C*,&%# 5%&()&# *# 01,C.# .93&)14.# TG:@-1&%0.# &)# *"7D# X[[[`7#
8&'0&# &')*# $&%'$&,)14*D# ".'# $%.,&'.'# 0&# &('&b*(:*# A#
*$%&(01:*3&# '&# $"*()&*(# &(# )B%/1(.'# 0&# /.0&"1:*,12(D#
%&"*,1.(*(0.# ".'#/.0&".'# ,.(,&$)-*"&'# &"*9.%*0.'# $.%#
"*#,1&(,1*#,.(# ".'#/.0&".'#/&()*"&'#0&"# *"-/(*0.7#!(#
01,C.# $%.,&'.D# &"# 0.,&()&# '&# ,.(41&%)&# &(# -(# *;&()&#
@-&D# ,.(.,&0.%# 0&# ".'# ,.()&(10.'# &')%-,)-%*()&'# @-&#
0&#(&(#-(#0&)&%/1(*0.#/.0&".#,.(,&$)-*"D#$"*(1#,*#".'#
$%.,&'.'# 0&# &('&b*(:*]*$%&(01:*3&# ,./.# *,,1.(&'# @-&#
$.'191"1)&(#*"#*"-/(*0.#&"*9.%*%#/.0&".'#/&()*"&'#/<'#
,./$"&3.'#A#,&%,*(.'#*#".'#0&#"*#,1&(,1*#,.()&/$.%<(&*#
T6-3."D#VWW^`7#

L.'# /.0&".'# ,.(,&$)-*"&'# 0&# "*# ,1&(,1*# 0&"# '1;".# xx#
$%&'&()*(#-(*#,"*%*#$%&'&(,1*#0&# "*#,./$"&310*0#Td*%&]
"*D#X[\[Y#=*$%*D#X[[_Y#e.""*(0D#VWWcY# G:@-1&%0.#&)#*"7D#
VWWcY#f*;&('9&%;D#VWWg`7#L.'#/.0&".'#0&#"*#,1&(,1*#C*(#
1(,.%$.%*0.# "*# 41'12(# 0&# "*# -(10*0# ,./.# .%;*(1:*,12(#
TZ.;&%D# VWWW`D# A# ,.(# &"".# C*(# '&b*"*0.# "*# 1/$.%)*(,1*#
5-(0*/&()*"# 0&# "*# %&"*,12(# &()%&# &')*91"10*0#A# ,*/91.7#
8&#&')*#/*(&%*D#"*#*,)1410*0#,1&()+#,*#'&#,&()%*#(.#'2".#
&(#".'#&')*0.'#'1(.#)*/91B(#&(#".'#$%.,&'.'#@-&#$.'191]
"1)*(#&"#$*'.#0&#-(#&')*0.#*#.)%.#A# '&#,.(')1)-A&#,./.#
-(*#,1&(,1*#@-&#,.('10&%*#&"#*:*%#A# "*# 1(0&)&%/1(*,12(#
,./.#&"&/&().'#%&"&4*()&'#&(#"*#&>$"1,*,12(#0&#$%.,&'.'#
.%1&()*0.'#&(#&"# )1&/$.#T6%1;.;1(&D#X[[h`7#N(*#,1&(,1*#
@-&#&')*9"&,&#-(*#,.(')*()&#%&"*,12(#&()%&#/S")1$"&'#,*-]
'*'#A#014&%'10*0#0&#&5&,).'#,./.#5.%/*#0&#0&'&(,*0&(*%#
$%.,&'.'#*-)..%;*(1:*0.%&'#Ti.C('.(D#VWW^`7#

8&'0&#"*#$&%'$&,)14*#0&#"*#,./$"&310*0D#".'#'&%&'#414.'#
'.(#,.(,&910.'#,./.#%&0&'#01(</1,*'#0&(./1(*0*'#0&#
01')1().'#/.0.'j# sistemas complejos adaptativos TG&""#
L*((D#X[[g`D#estructuras disipativas#T6%1;.;1(&D#X[[h`D#

agentes autónomos#Tk*-55/*(D#VWW^`7#!(#).0.'#".'#,*]
'.'#'-#&')-01.#'&#*9.%0*#0&'0&#-(*#2$)1,*#,./$"&3*#@-&D#
'1(#%&(-(,1*%#*#"*'#*$.%)*,1.(&'#%&*"1:*0*'#0&'0&#&"#&(5.]
@-&#0&)&%/1(1')*D#$%&)&(0&#'-$&%*%#'-'#"1/1)*,1.(&'#$*%*#
C*,&%#5%&()&#)*().#*#(-&4*'#,-&')1.(&'#,./.#*#$-().'#0&#
41')*#1((.4*0.%&'#'.9%&#$%.9"&/*'#,"<'1,.'7

=-*(0.#'&#0&#(&#&"#/.0&".#,.(,&$)-*"#0&#'&%#414.#0&'0&#
"*# $&%'$&,)14*# 0&# "*# ,./$"&310*0D# *0@-1&%&(# %&"&4*(,1*#
,.(,&$).'#,./.#I$&%'$&,)14*#'1')B/1,*JD#I,*-'*"10*0JD#
I1%%&4&%'191"10*0# A# *:*%J# &# I1(0&)&%/1(*,12(J# TB.(1"
A#6-3."D#VWW\`7#O"#)./*%#01,C.'#,.(,&$).'#,./.#$-().'#
0&# %&5&%&(,1*D# ".'# '1')&/*'#414.'# '&# '1)S*(#&(# "*# &',*"*#
/&'.D#&()&(010*#,./.#-(#&()%*/*0.#0&#%&"*,1.(&'D#$-&'#
$%&'&()*(#,.(')*()&'#1()&%*,,1.(&'#&()%&#'-#/&01.#1()&%]
(.#l&"#/1,%.l#A#&"#/&01.#&>)&%(.#l&"#/*,%.l7#L*#,.(]
)1(-10*0#0&# ".'# '&%&'# 414.'# '&# ,.(41&%)&# &(#-(#$%.,&'.#
*-).$.AB)1,.#Td*%&"*D#X[\[`#%&'-")*0.#0&#"*#*-)..%;*(1]
:*,12(#;&(&%*0*#$.%#"*#%&"*,12(#'1/-")<(&*#&()%&#014&%'1]
0*0#0&#,*-'*'#A#&5&,).'7#E.0.'#".'#$%.,&'.'#'&#.%1&()*(#
&(# -(# &3&# )&/$.%*"# @-&# &410&(,1*# "*# 1/$.%)*(,1*# 0&# "*#
C1').%1*# 0&"# .%;*(1'/.7#O'1/1'/.D# &"# *:*%# '&# ,.(41&%)&#
&(#-(#&"&/&().#5-(0*/&()*"D#A*#@-&#'&#C*,&#015+,1"#&')*]
9"&,&%#a priori &"#1)1(&%*%1.#0&"#'1')&/*#A#".'#5*,).%&'#@-&#
$.0%+*(#0&)&%/1(*%".7

8&'0&#"*# 1(4&')1;*,12(#&(#"*#810<,)1,*#0&#"*'#=1&(,1*'D#
014&%'.'#*-).%&'#C*(#$"*()&*0.#"*#(&,&'10*0#0&#1()%.0-,1%#
".'#$%1(,1$1.'#0&#"*#,./$"&310*0#&(#"*#5.%/*,12(#010<,)1]
,*#0&"#$%.5&'.%*0.#TG*%,+*D#VWWcD#X[[\Y#G*%,+*#A#L2$&:D#
VWWcY#G:@-1&%0.#&)#*"7#VWWcY#i-(A&()#&)#*"7D#VWW^Y#6-3."D#
VWW^`7#!')*#(&,&'10*0#%&@-1&%&#&"#01'&b.#A#&4."-,12(#0&#
&',&(*%1.'#&0-,*)14.'#5*4.%&,&0.%&'#0&"#$%.,&'.#/.0&]
"1:*0.%#0&"#5-)-%.#$%.5&'.%*0.#C*,1*#$&%'$&,)14*'#@-&#1(]
,.%$.%&(# ".'#$%1(,1$1.'#0&# "*# ,./$"&310*0# TB.(1"# &)# *"7#
VWWc`7#

3. MODALIDAD DE INVESTIGACIÓN

6*%*#0&'*%%.""*%#"*#1(4&')1;*,12(#@-&#'&#$%&'&()*#'&#.$)2#
$.%# "*#/.0*"10*0# 0&# 1(4&')1;*,12(# &4*"-*)14*D# $-&'# B')*#
$.'191"1)*# .%1&()*%# &"# ,*/91.# A# .5%&,&# 1(5.%/*,12(# @-&#
$&%/1)&#3-')1#,*%#"*#)./*#0&#0&,1'1.(&'7#!')&#)1$.#0&#1(]
4&')1;*,12(#'&#'1)S*#0&()%.#0&#".'#$*%*01;/*'#'.,1.,%+)1,.'#
T=*%%D#k&//1'D#X[\\Y#8&#L1;-&"D#X[\\`#A#&')*9"&,&#-(#
01<".;.#&()%&#/&).0.".;+*'#,-*()1)*)14*'#A#,-*"1)*)14*'7#

L*#1(4&')1;*,12(#&4*"-*)14*#5*,1"1)*#"*#.9)&(,12(#0&#1(5.%]
/*,12(#4<"10*#A##*9"&#@-&#$&%/1)&#3-')1#,*%#"*'#0&,1'1.(&'#
0&# ,*/91.# %&"*)14*'# *"# .93&).# &4*"-*0.# TL*)&.# A#d10*"D#
X[[h`7#=.(""&4*D#$.%#)*().D#-(#$%.,&'.#0&#%&,.;10*#A#*(<]
"1'1'#'1')&/<)1,.#0&#1(5.%/*,12(#A#"*#*$"1,*,12(#0&#,%1)&%1.'#
@-&#;*%*()1,&(#"*#'."10&:#0&#".'#3-1,1.'#&/1)10.'7

8&()%.# 0&# "*# 1(4&')1;*,12(# &4*"-*)14*# '&# C*(# 0&#(10.#
/S")1$"&'# .%1&()*,1.(&'# &(# 5-(,12(# 0&"# .93&).# 0&# &4*]
"-*,12(#&',.;10.# TZ.''1#A#m%&&/*(D#X[[^Y H<&:D#X[[gY#
E1*(*D#X[[hY#B.%%&""#A#=C*4*%%1*D#X[[\`7#!(# "*#$%&'&(]
)&# 1(4&')1;*,12(#&"#.93&).#*#&4*"-*%#5-&#&"#$%.;%*/*#0&#
"*#*'1;(*)-%*#0&#810<,)1,*#0&#"*'#=1&(,1*'#&(#5.%/*,12(#
1(1,1*"#0&#/*&')%.'D#$.%#".#,-*"#'&#.$)2#$.%#"*#/.0*"10*0#



INVESTIGACIÓN DIDÁCTICA

405ENSEÑANZA DE LAS CIENCIAS, 2008, 26(3)

0&#1(4&')1;*,12(#0&(./1(*0*#&4*"-*,12(#0&#$%.;%*/*'7#
a')*#5*,1"1)*#"*#)./*#0&#0&,1'1.(&'#%&'$&,).#*#-(#$%.;%*]
/*#*#$*%)1%#0&#"*#%&,.;10*#A#*(<"1'1'#0&#1(5.%/*,12(##*9"&#
A#4<"10*#T6B%&:#i-')&'D#X[[c`7#!(#,.(,%&).D#"*#&4*"-*,12(#
@-&#'&#$%&'&()*#&'#0&#,*%<,)&%#5.%/*)14.D#A*#@-&#$%&)&(0&#
.%1&()*%#"*#)./*#0&#0&,1'1.(&'#%&'$&,).#*#".'#,*/91.'#*#
%&*"1:*%#&(#&"#$%.;%*/*D#,.(#&"##(#0&#/&3.%*%".7

4. OBJETIVOS Y CONTETTO DE LA INVESTI-
GACIÓN

L*# 1(4&')1;*,12(#@-&# '&#$%&'&()*# *9.%02# ".'# '1;-1&()&'#
.93&)14.'j

l#O'1;(*%#&"#4*".%#@-&#)1&(&#&"#$%.;%*/*#0&#"*#*'1;(*)-%*#
I810<,)1,*# 0&# "*'# =1&(,1*'# !>$&%1/&()*"&'JD# $*%*# &')1]
/-"*%#&(#".'#5-)-%.'#/*&')%.'#"*#&4."-,12(#0&#'-#/.0&".#
/&()*"#0&#'&%#414.#C*,1*#&"#/.0&".#,.(,&$)-*"#,./$"&3.7

l#8&#(1%#.%1&()*,1.(&'#010<,)1,*'#5*4.%&,&0.%*'#0&"#$%.]
,&'.#0&#/.0&"1:*,12(#0&#".'#5-)-%.'#/*&')%.'#C*,1*#/.]
0&".'#,.(,&$)-*"&'#,./$"&3.'7

!"# .93&).# 0&# &4*"-*,12(# 5-&# &"# $%.;%*/*# 0&#810<,)1,*#
0&#"*'#=1&(,1*'# 1/$*%)10.#&(#&"# )&%,&%#,-%'.#0&#"*#)1)-"*]
,12(#0&#!0-,*,12(#6%1/*%1*#,.%%&'$.(01&()&#*#"*#m*,-")*0#
0&#=1M(,1&'#0&#"n!0-,*,12#0&#"*#N(14&%'1)*)#O-)P(./*#0&#
B*%,&".(*7#N(#$%.;%*/*#*(-*"#,.(#-(*#,*%;*#"&,)14*#0&#\#
,%B01).'#0141010.'#&(#^Dg#,%B01).'#)&2%1,.'#@-&#'&#0&'*%%.]
""*(#&(#&"#*-"*#A#cDg#,%B01).'#$%<,)1,.'#@-&#'&#%&*"1:*(#&(#
&"#"*9.%*).%1.7#81,C.#$%.;%*/*#)&(+*#,./.#&3&#)&/<)1,.#&"#
/.0&".#,.(,&$)-*"#0&#'&%#414.#&"*9.%*0.#0&'0&#"*#,1&(]
,1*#,.()&/$.%<(&*#TEC./'.(D#X[\[Y#G&""#L*((D#X[[gY#
k*-55/*(D#VWW^Y#e.""*(0D#VWWc`7#=.(#"*#&4*"-*,12(#0&"#
$%.;%*/*#'&#9-',*9*#,.(.,&%#'-#$.)&(,1*"10*0#$*%*#5*]
4.%&,&%#"*#&4."-,12(#0&#".'#/.0&".'#/&()*"&'#0&"#5-)-%.#
$%.5&'.%*0.# C*,1*# /.0&".'# ,.(,&$)-*"&'# ,./$"&3.'# A#
0&#(1%# *";-(*'# .%1&()*,1.(&'# 010<,)1,*'# @-&# 5*,1"1)*%*(#
'-#/&3.%*7#

!"#$%.;%*/*#)&(+*#)%&'#;%*(0&'#.93&)14.'#,-A.#(&>.#,.]
/S(#&%*# "*# 1((.4*,12(#@-&#'-$.(+*# "*# 1()%.0-,,12(#0&"#
/.0&".# ,.(,&$)-*"# '&%# 414.# &"*9.%*0.# *# $*%)1%# 0&# ".'#
$%1(,1$1.'#0&#"*#,./$"&310*07

!"#$%1/&%#.93&)14.#&%*#".;%*%#@-&#&"#5-)-%.#$%.5&'.%*0.#
5-&%*#,*$*:#0&#,.(')%-1%#/.0&".'#&>$"1,*)14.'#'.9%&#".'#
'&%&'#414.'D# 1(,.%$.%*(0.#$*%*#&"".# ".'#$%1(,1$1.'#0&#"*#
,./$"&310*07#!(#&')*#)*%&*#%&'-")*9*#1/$%&',1(019"&#@-&#
".'#/.0&".'# ,.(,&$)-*"&'# ,./$"&3.'# )-41&%*(# -(*# $%&]
'&(,1*#'1;(1#,*)14*#&(#&"#0+*#*#0+*#0&#'-#$%.,&'.#0&#5.%]
/*,12(#-(14&%'1)*%1*7

=./.#'&;-(0.#.93&)14.#0&"#$%.;%*/*#'&#$"*()&2#@-&#".'#
&')-01*()&'# 0&#/*;1')&%1.# 5-&%*(# ,*$*,&'# 0&# &')*9"&,&%#
,.(&>1.(&'#'1;(1#,*)14*'#&()%&#".'#/.0&".'#&>$"1,*)14.'#
,.(')%-10.'#&(#"*'#,"*'&'#0&#"*#5*,-")*0#A#&"#)%*9*3.#%&*]
"1:*0.#&(#"*'#*-"*'#0&#!0-,*,12(#6%1/*%1*7#!"".#0&/*(]
0*9*# -(*# ,.()1(-*# %&#&>12(# '.9%&# &3&/$".'# ,.(,%&).'#
0&#&>$&%1&(,1*'#0&#*-"*#@-&#1(,.%$.%*9*(#".'#$%1(,1$1.'#
)&2%1,.'#0&#"*#,./$"&310*07

m1(*"/&()&D#&"#$%.;%*/*#)&(+*#,./.#)&%,&%#.93&)14.#*/]
$"1*%# "*'#,./$&)&(,1*'#0&# ".'#&')-01*()&'#0&#/*;1')&%1.#
$*%*#01'&b*%#*,)-*,1.(&'#010<,)1,*'#,.(,%&)*'#*$"1,*9"&'#
*# "*'# *-"*'# 0&# !0-,*,12(# 6%1/*%1*7# 6*%*# &"".# %&'-")*9*#
(&,&'*%1.# @-&# ".'# ;%-$.'# 0&# )%*9*3.# &(# @-&# '&# .%;*(1]
:*9*# "*# ,"*'&# 0&'*%%.""*%*(# -(10*0&'# 0&# $%.;%*/*,12(
A#%&#&>1.(*%*(#'.9%&#'-#&"*9.%*,12(D#5*4.%&,1&(0.#*'+#"*#
%&,.(')%-,,12(#0&"#01'&b.#010<,)1,.#$%.$1.7#

!"#$%.;%*/*#'&#0&'*%%.""2#&(#0.'#,.()&>).'#015&%&(,1*]
0.'7#N(#,.()&>).#$%&'&(,1*"#&(#&"#@-&#'&#)%*9*32#&(#;%*(#
;%-$.#A#-(#,.()&>).#(.#$%&'&(,1*"#&(#&"#@-&#".'#;%-$.'#0&#
)%*9*3.#&"*9.%*9*(#'-#$%.$-&')*#0&#-(10*0#0&#$%.;%*/*]
,12(7#!(#*/9.'#,.()&>).'#&"#&3&#0&"#)%*9*3.#5-&#&"#/.0&".#
,.(,&$)-*"#'&%#414.7

!"# )%*9*3.# ,.(# ).0.# &"# ;%-$.# ,"*'&# '&# %&*"1:2# 0-%*()&# &"#
'&;-(0.#,-*)%1/&')%&7#!"#C1".#,.(0-,).%#0&#"*'#,"*'&'#$%<,]
)1,*'# 5-&# &"# ,%&,1/1&().# A# 0&'*%%."".# C-/*(.7#E./*(0.#
,./.#$-().#0&#$*%)10*#"*#$%&;-()*j#Io=2/.#""&;*#&"#,*",1.#
0&#"*#"&,C&#*#/1'#C-&'.'pJ#'&#$%&'&()*%.(#"*'#'-9$%&;-(]
)*'j#Io=./.#'*9&/.'#@-&#"*#"&,C&#)1&(&#,*",1.pJD#Ioq-B#
,*/1(.#'1;-&#"*#"&,C&#&(#&"#1()&%1.%#0&"#,-&%$.pJ#6*%*#%&]
'."4&%#"*'#,-&')1.(&'#$"*()&*0*'#'&#$"*(1#,*%.(#*,)1410*]
0&'#$%<,)1,*'#@-&#)%*)*9*(#,.()&(10.'#%&"*)14.'#*#"*'#1()&]
%*,,1.(&'#&()%&#&"#/&01.#&>)&%(.#A#&"#/&01.#1()&%(.#0&#-(#
'1')&/*#414.D#"*#014&%'10*0#0&#&',*"*'D#0&#/*,%.#*#/1,%.D#
@-&#$&%/1)&(#&>$"1,*%#".'#5&(2/&(.'#A#".'#$%.,&'.'#*-).]
.%;*(1:*0.%&'#@-&#%&*"1:*(#".'#'1')&/*'#414.'7

!"#)%*9*3.#&(#$&@-&b.'#;%-$.'#'&#0&'*%%.""2#0-%*()&#).0.#
&"#,-%'.7#8-%*()&#&"#$%1/&%#,-*)%1/&')%&#'&#$%.$-'.#*#".'#
&')-01*()&'# &',.;&%# -(# *(1/*"# @-&# $-01&%*#/*()&(&%'&#
414.#&(#-(#*-"*#0&#$%1/*%1*D#A#,-10*%".#0-%*()&#).0.#&"#
,-%'.# *,*0B/1,.7# O"# #(*"1:*%# &"# $%1/&%# ,-*)%1/&')%&D#
,*0*#;%-$.#0&9+*#01'&b*%#-(*#-(10*0#010<,)1,*#'.9%&#&"#
'&%# 414.# &"&;10.7#O# ".# "*%;.# 0&"# '&;-(0.# ,-*)%1/&')%&#
,*0*#;%-$.#0&9+*#%&5.%/-"*%#'-#$%.$-&')*#0&#-(10*0#01]
0<,)1,*D#*$"1,*(0.#".'#(-&4.'#,.(.,1/1&().'#*0@-1%10.'D#
&()%&#&"".'#".'#0&"#/.0&".#,./$"&3.#0&#'&%#414.7#L*#&']
)%-,)-%*#0&#*/9.'#)%*9*3.'#&')*9*#*91&%)*#*#"*'#'-;&%&(]
,1*'#0&"#*"-/(*0.Y#"*#S(1,*#,.(01,12(#&')*9"&,10*#&%*#"*#
0&#$%&'&()*%".'#&(#-(#0.,-/&().#01;1)*"#,./$-&').#$.%#
01*$.'1)14*'#@-&#1()&;%*%*(#)&>).#&#1/<;&(&'7#

L.'#)%*9*3.'#%&,.;10.'#&%*(#*%,C14.'#0&#6.F&%#6.1()#,.(#
0.'#$*%)&'#015&%&(,1*0*'7#!(#"*#$%1/&%*#$*%)&#&"#*"-/(*0.#
C*,+*#-(*#$%&'&()*,12(#0&"#'&%#414.#.93&).#0&#)%*9*3.7#!(#
"*#'&;-(0*#$%&'&()*9*#"*'#$%.$-&')*'#010<,)1,*#,.(,%&)*'#
@-&#'&#,./$.(+*(#0&#$%&;-()*'#A# )1$.'#0&#*,)1410*0&'7#
81,C.'#)%*9*3.'#'1%41&%.(#,./.#/-&')%*'#$*%*#&"#0&'*%%.]
"".#0&#"*#1(4&')1;*,12(7

4.1. Muestras y dimensiones de análisis 

E*"#,./.#'&#C*#,./&()*0.D#$*%*#%&*"1:*%#"*#1(4&')1;*,12(#
&4*"-*)14*#0&"#$%.;%*/*#'&#'&"&,,1.(*%.(#,./.#/-&')%*'#
"*'#-(10*0&'#010<,)1,*'#1(1,1*"&'#A##(*"&'#%&*"1:*0*'#$.%#
&"#*"-/(*0.7#H.9%&#-(#).)*"#0&#.(,&#;%-$.'D#'&#'&"&,,1.]
(*%.(#*"#*:*%#"*'#$%.0-,,1.(&'#0&#,-*)%.#,.(')1)-10*'#$.%#
\#)%*9*3.'D#c#1(1,1*"&'#TOLG7#=GD#GGD#!mG`#A#,-*)%.##(*"&'#
TOLm7#=mD#GmD#!mm`#,-A.'#(./9%&#,.%%&'$.(0+*(#*#".'#
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###*(1/*"&'# .93&).# 0&# &')-01.j# $*).#/-0.D# ,.(&3.D# ;-$$A
A#&',*%*9*3.#0&#"*#C*%1(*#%&'$&,)14*/&()&7#!"#*(<"1'1'#'&#
5.,*"1:2#&(#"*'#015&%&(,1*'#C*""*0*'#&()%&#"*'#$%.0-,,1.]
(&'#1(1,1*"&'#A##(*"&'#0&#".'#,-*)%.#;%-$.'#&',.;10.'7

L*# 1(5.%/*,12(# *(*"1:*0*# &(# ,*0*# /-&')%*# *0@-1%12#
0.'# 01/&('1.(&'# Tm1;-%*# X`7# L*# $%1/&%*D# "*# 0&# "*'#
%&$%&'&()*,1.(&'#0&"#/.0&".#0&#'&%#414.#&"*9.%*0*'#$.%#
&"#*"-/(*0.#&(#'-'#$%.0-,,1.(&'Y#A#"*#'&;-(0*D#,&()%*0*#
&(#"*'#$%.$-&')*'#0&#-(10*0&'#0&#$%.;%*/*,12(#%&*"1:*0*'#
$.%#&"#*"-/(*0.7

!(# %&"*,12(# ,.(# "*# $%1/&%*# 01/&('12(D# &"# *(<"1'1'# '&#
,&()%2#&(#0&)&,)*%D#*()&'#A#0&'$-B'#0&#"*#*$"1,*,12(#0&"#
$%.;%*/*D# "*# $.'19"&# 01')*(,1*# &()%&# "*# %&$%&'&()*,12(#
0&"#/.0&".#/&()*"#0&"#*"-/(*0.#A#"*'#,*%*,)&%+')1,*'#0&"#
/.0&".#,.(,&$)-*"#,./$"&3.#0&#'&%#414.7#=.(#%&'$&,).#
*#"*#'&;-(0*#01/&('12(#'&#.$)2#$.%#5.,*"1:*%#&"#*(<"1'1'#
&(#"*#,./$*%*,12(#&()%&#"*'#$%&;-()*'#$%.$-&')*'#$.%#&"#
*"-/(*0.#&(#'-'#-(10*0&'#010<,)1,*'#A#".'#*'$&,).'#0&"#
/.0&".#'&%#414.#@-&#B')*'#$.0+*(#$.(&%#0&#/*(1#&').7

5. DISEXO DEL INSTRUMENTO DE EVALUA-
CIÓN

8&)&%/1(*0*'#"*'#/-&')%*'#0&#*(<"1'1'D#&"#'1;-1&()&#$*'.#5-&#
01'&b*%#-(# 1(')%-/&().#0&#&4*"-*,12(7#8&#*,-&%0.#,.(# "*#
$%.$-&')*#0&#,.(.,1/1&().#010<,)1,.#0&"#,.()&(10.#THC-"]
/*(D#X[\_Y#L*%)+(#0&"#6.:.#A#6.%"<(D#X[[[`D#&(#&"#01'&b.#'&#
,.()&/$"*%.(#0.'#)1$.'#0&#-(10*0&'#0&#*(<"1'1'j#"*'#%&5&%&(]
)&'#*"#,.(.,1/1&().#0&#"*#/*)&%1*#&'$&,+#,*#A#"*'#%&"*)14*'#*"#
,.(.,1/1&().#0&#,2/.#&('&b*%#01,C*#/*)&%1*7

5.1. Unidades de análisis relativas al conocimiento 
de la materia especY ca

L*'#-(10*0&'#0&#*(<"1'1'#%&"*)14*'#*"#,.(.,1/1&().#0&#"*#
/*)&%1*# '&# ,&()%*%.(# &(# &"# *(<"1'1'# 0&# "*# %&"*,12(# &()%&#
"*#%&$%&'&()*,12(#0&"#/.0&".#/&()*"#0&"#*"-/(*0.#A#&"#
/.0&".#,.(,&$)-*"#,./$"&3.#0&#'&%#414.7#81,C*'#-(10*]
0&'#0&#*(<"1'1'#'&#&')%-,)-%*%.(#&(#-(#,.()+(--/#@-&#19*#
0&'0&#-(*#$&%'$&,)14*#;&(&%*"#*#-(*#&'$&,+#,*#A#'&#.%;*]
(1:*%.(#&(#ámbitos, categorías e indicadoresD#0&)&%/1]
(*(0.#)%&'#(14&"&'#0&#*(<"1'1'#TB.(1"#A#6-3."D#VWW\`7

L.'#ámbitos# 5-&%.(# ,%&*0.'#$*%*# &')*9"&,&%# &"# $%1/&%#
(14&"#0&#*(<"1'1'7#=.(')1)-A&(#&"&/&().'#,"*4&#@-&#,*]
%*,)&%1:*(#".'#/.0&".'#,.(,&$)-*"&'#,./$"&3.'#A#$-&]
0&(#*$*%&,&%#,./.#*'$&,).'#'1;(1#,*)14.'#0&"#,.()&(10.#
0&"#$%.;%*/*#*#&4*"-*%7#H&#0&#(1&%.(#,-*)%.#</91).'j
*`#Perspectiva sistémica, 9` Causalidad, ,`# Irreversi-
bilidad,#0` Azar e indeterminación. H-#-'.#0-%*()&# "*#
&4*"-*,12(#0&"#$%.;%*/*#$&%/1)12#*;%-$*%#"*# 1(5.%/*]
,12(#.9)&(10*#&(#,-*)%.#;%*(0&'#9".@-&'#'1;(1#,*)14.'#
$*%*# "*# ,.(')%-,,12(#0&"#/.0&".# ,.(,&$)-*"# ,./$"&3.#
0&#'&%#414.7#

L*'# categorías# '&# &')*9"&,1&%.(# $*%*# 0&)&%/1(*%# &"# '&]
;-(0.# (14&"# 0&# *(<"1'1'7# H&# 0&#(1&%.(# ,./.# *@-&"".'#
&"&/&().'#/<'#'1;(1#,*)14.'#A#%&"&4*()&'#0&()%.#0&#,*0*#
</91).7#!"#-'.#0&#,*)&;.%+*'#5*,1"1)2#$%.5-(01:*%#&(#".'#
$%1(,1$1.'#)&2%1,.'#0&#,*0*#</91).#A#*$"1,*%".'#*"#*(<"1'1'#
0&#"*'#/-&')%*'7#

L.'#indicadores#'&#&')*9"&,1&%.(#$*%*#,.(,%&)*%#-(#)&%,&%#
(14&"#0&#*(<"1'1'7#H&#0&#(1&%.(#,./.#"*#1(5.%/*,12(#/<'#
%&"&4*()&#A#.$.%)-(*#&(#%&"*,12(#,.(#"*'#,*)&;.%+*'#$%.]
$-&')*'#A#$&%/1)1&%.(#-(*#*$%.>1/*,12(#.$&%*)14*#&()%&#
"*'# /-&')%*'# '&"&,,1.(*0*'# A# &"# %&5&%&()&# )&2%1,.# @-&#
.%1&()2# "*# 1(4&')1;*,12(7# H-# *$"1,*,12(# *"# *(<"1'1'# $&%]
/1)12#'&b*"*%#".'#&"&/&().'#'1;(1#,*)14.'#0&#"*#/-&')%*#
A#%&*"1:*%#-(*#$%1/&%*#'&"&,,12(#0&#"*#1(5.%/*,12(#@-&D#
&(#5*'&'#'-,&'14*'#0&#%&&"*9.%*,12(D#""&4*%+*#*#0&#(1%#&"#
4*".%#0&"#$%.;%*/*7

!"#*(<"1'1'#,.(3-().#0&#".'#0*).'#.9)&(10.'#*"#*$"1,*%#".'#
</91).'D#"*'#,*)&;.%+*'#A#".'#1(01,*0.%&'#*"#*(<"1'1'#0&#"*'#
/-&')%*'#5*,1"1)2#"*#.9)&(,12(#0&#0*).'#$&%)1(&()&'#$*%*#
&"*9.%*%#"*#&4*"-*,12(#0&"#$%.;%*/*7

5.2. Unidades de análisis relativas a cómo ense[ar 
la materia

!"#*(<"1'1'#0&#".'#0*).'#,.(#%&"*,12(#*#,2/.#&('&b*%#"*#
/*)&%1*#'&#,&()%2#&(#&"#"*#$%.$-&')*#0&#$%&;-()*'#0&#1(]
)&%B'#,1&()+#,.#@-&#&"#*"-/(*0.#$%.$-'.#&(#"*'#-(10*0&'#
0&#$%.;%*/*,12(#@-&#,.(')1)-+*(#"*#/-&')%*7

6*%*# .9)&(&%# 1(5.%/*,12(# '1;(1#,*)14*D# *# "*'# -(10*0&'#
0&#*(<"1'1'#'.9%&#&"#,.(.,1/1&().#0&#"*#/*)&%1*#'&#,.(]
'10&%*%.(# "*'# C*91"10*0&'# ,.;(1)14.]"1(;r+')1,*'# @-&# "*'#
$%&;-()*'#$%./.4+*(7#H&#*(*"1:*%.(#*'+# "*'#C*91"10*0&'#
0&j#describir, de! nir, explicar# A justi! car# Ti.%9*# &)# *"7D#
X[[\`#A#'&#&')*9"&,1&%.(#%&"*,1.(&'#,.(#"*'#-(10*0&'#'1;]
(1#,*)14*'#$*%*#&"#&')-01.D# )./*(0.#,./.#%&5&%&(,1*# "*#
1(5.%/*,12(#$%&'&()*0*#&(#"*##;-%*#V#

O#".#"*%;.#0&#"*#1(4&')1;*,12(#'&#*'1;(2#*#,*0*#$%.$-&')*#
0&#$%&;-()*'#)1$.".;+*'#0&#C*91"10*0&'#,.;(1)14.]"1(;r+']
)1,*'#&#1(01,*0.%&'D#,*)&;.%+*'#A#</91).'#0&"#/.0&".#,.(]
,&$)-*"#'&%#414.7#!')&#$%.,&'.#'1%412#$*%*#.%;*(1:*%# "*'#
$%&;-()*'#A#%&"*,1.(*%"*'#,.(#"*'#-(10*0&'#0&#*(<"1'1'D#".#
@-&#5*,1"1)2#&"#)%*)*/1&().#0&#"*#1(5.%/*,12(#A#"*#.9)&(]
,12(#0&#,.(,"-'1.(&'7

m1;-%*#X
Información analizada en cada una de las muestras.

Dimensión 1:

Representación 
modelo
ser vivo

Dimensión 2:

Propuesta de 
preguntas en 
la unidad de 
programación

Dimensión 1:

Representación 
modelo ser 

vivo

Dimensión 2:

Propuesta de 
preguntas en 
la unidad de 
programación

E%*9*3.#1(1,1*" E%*9*3.##(*"
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6. ANÁLISIS DE LA INFORMACIÓN

!"#*(<"1'1'#0&#"*#1(5.%/*,12(#'&#0&'*%%.""2#&(#)%&'#5*'&'7#
L*# $%1/&%*# 5*'&D# 0&# %&,.;10*# 0&# 0*).'D# '1%412# $*%*# 0&]
)&,)*%#"*#1(5.%/*,12(#'1;(1#,*)14*#0&()%.#0&#"*'#$%.0-,]
,1.(&'#1(1,1*"&'#A##(*"&'#0&"#*"-/(*0.7#L*#'&;-(0*D#0&#
)%*)*/1&().# 0&# "*# 1(5.%/*,12(D# $&%/1)12# %&&"*9.%*%# ".'#
0*).'#.9)&(10.'#,.(#"*##(*"10*0#0&#&>)%*&%#1(5.%/*,12(#
%&"&4*()&# $*%*# "*# &4*"-*,12(# 0&"# $%.;%*/*7# m1(*"/&()&#
"*#)&%,&%*D#0&#.9)&(,12(#0&#%&'-")*0.'D#$.'191"1)2#"*#'+()&]
'1'#%1;-%.'*#0&#".'#0*).'#$*%*#.9)&(&%#-(*#1()&%$%&)*,12(#
#(*"#@-&# 5*,1"1)*%<# "*#&"*9.%*,12(#0&# 3-1,1.'#0&#4*".%#A#
$%.$.(&%#.%1&()*,1.(&'#$*%*#&"#,*/91.7

O#,.()1(-*,12(#'&#$%&'&()*#0&#5.%/*#0&',%1$)14*#&"#*(<"1]
'1'#0&#"*#1(5.%/*,12(7#H1#91&(#"*#1(4&')1;*,12(#'&#%&*"1:2#
'.9%&#,-*)%.#/-&')%*'D#$*%*#5*,1"1)*%#"*#,./$%&('12(#0&"#
$%.,&'.#&4*"-*)14.# ".'#&3&/$".'# '&#,&()%*(# )*(#'2".#&(#
-(#5%*;/&().#0&"#*(<"1'1'#,.%%&'$.(01&()&#*#"*'#/-&')%*'#
T=G#A#=m`7#!(#,.(,%&).#'&#C*(#)./*0.#".'#0*).'#,.%%&']
$.(01&()&'# *"# </91).# I$&%'$&,)14*# '1')B/1,*J7 O-(@-&#
0&()%.#0&#01,C.#</91).#'&#0&#(1&%.(#'&1'#,*)&;.%+*'#0&#
*(<"1'1'#Tm1;-%*#^`D#&(#&"#&3&/$".#0*0.#'&#,.('10&%*#S(1]
,*/&()&# "*#,*)&;.%+*#Oj#El fenómeno se explica por la 
interacción de un conjunto de elementos7#

6.1. Primera fase: recogida de datos

!(# &')*# 5*'&# '&# )./*%.(# ,./.# %&5&%&(,1*# "*'#/-&')%*'#
0&#*(<"1'1'#,.(#"*##(*"10*0#0&#'&"&,,1.(*%#*@-&""*#1(5.%]
/*,12(#@-&# 5-&%*# %&"&4*()&#$*%*#*",*(:*%# ".'#.93&)14.'#
$%.$-&').'#&(#"*#1(4&')1;*,12(7#6*%*#&"".#'&#%&,.;1&%.(#
".'# 0*).'# &(# -(*# )*9"*# 0.(0&# '&# 0&',%19+*# "*# $%&'&(]

m1;-%*#V
Habilidades cognitivo-lingüísticas centradas en el modelo ser vivo

Adaptación de Pujol a partir de Jorba, 1998.

^ABILIDAD PREGUNTAS

8&',%191%#

=*%*,)&%+')1,*'#&')%-,)-%*"&'#
oq-B#)1&(&p#o=2/.#&'p

=*%*,)&%+')1,*'#01(</1,*'#&'$*,1*"&'
oq-B#$*'*p

=*%*,)&%+')1,*'#01(</1,*'#)&/$.%*"&'
o=-<(0.#$*'*p

G()&%*,,1.(&'#
o=2/.#$*'*p

8&#(1%

=*%*,)&%+')1,*'#&')%-,)-%*"&'#
oq-B#&'p

=*%*,)&%+')1,*'#01(</1,*'#&'$*,1*"&'
oq-B#$*'*p

=*%*,)&%+')1,*'#01(</1,*'#)&/$.%*"&'
o=-<(0.#$*'*p

G()&%*,,1.(&'
o=2/.#$*'*p

!>$"1,*%

6%.,&'.'
o=2/.#5-(,1.(*p
oq-B#C*,&#@-&777p
oq-B#$*'*%+*#'1777p
oq-B#(&,&'1)*#$*%*777p

i-')1#,*%#
6%.,&'.'
o6.%#@-B777p
o=2/.#$-&0&#'&%#@-&777p

O7#!"# 5&(2/&(.# '&# &>$"1,*# $.%# "*# 1()&%*,,12(#0&# -(# ,.(3-().# 0&#
&"&/&().'7

B7#!"#'1')&/*#)1&(&#&')%-,)-%*D##-3.#T/*)&%1*#A#&(&%;+*`#A#5-(,1.(&'7

=7#L.'#'1')&/*'#(*)-%*"&'#&')<(#&(#1()&%*,,12(#,.(#&"#/&01.7#

87#!"#'1')&/*#'&#*-)..%;*(1:*#,./.#%&'$-&')*#*#"*'##-,)-*,1.(&'#
0&"#&().%(.7#

!7#!"#'1')&/*#$%&'&()*#"+/1)&'#A#&/&%;&(,1*'7#

m7#=.(,1&(,1*#0&#"*#&>1')&(,1*#0&#015&%&()&'#(14&"&'#'1')B/1,.'#@-&#
$-&0&(#'&%#&')-01*0.'#0&#5.%/*#,.(3-()*7#

m1;-%*#^
Categorías del ámbito «perspectiva sistémica».
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###,1*#0&#".'#1(01,*0.%&'#0&#&4*"-*,12(#&(#,*0*#-(*#0&#"*'#
/-&')%*'#Tm1;-%*#c`D#)*().#".'#%&"*)14.'#*"#/.0&".#/&()*"#
,./.#*#"*#$%.$-&')*#0&#$%&;-()*'7#=./.#'&#.9'&%4*#&(#
&"#&3&/$".D#&"#(S/&%.#0&#"*#,."-/(*#C*,&#%&5&%&(,1*#*#"*#
01*$.'1)14*#*(*"1:*0*D#/1&()%*'#@-&#&"#(S/&%.#1(1,1*"#0&"#
)&>).#C*,&#%&5&%&(,1*#*"#1(01,*0.%#0&#&4*"-*,12(#@-&#'&#
,.('10&%*#%&"&4*()&D#A#&"#)&>).#0&',%19&#"*#$%&'&(,1*#0&"#
1(01,*0.%#&(#"*#/-&')%*7#

L*# '&;-(0*# .$&%*,12(# ,.('1')12# &(# "*# &"*9.%*,12(# 0&#
-(*#)*9"*#%&'-/&(#0&#).0*#"*#1(5.%/*,12(#.9)&(10*7#!(#
"*##;-%*#g#'&#/-&')%*#-(#&3&/$".7#!(#&""*#'&#-'*#"*#"&)%*#
L#$*%*# "*'# %&5&%&(,1*'#*# "*# %&$%&'&()*,12(#0&"#/.0&".#
A#"*#"&)%*#6#$*%*#"*'#%&5&%&(,1*'#*#"*'#$%.$-&')*'#0&#$%&]
;-()*'7#L*'##"*'#1(01,*(#&"#(S/&%.#0&#01*$.'1)14*#*(*"1]
:*0*'#A#"*'#,."-/(*'#"*#%&5&%&(,1*#*#".'#1(01,*0.%&'#0&#
&4*"-*,12(7

6.2. Segunda fase: tratamiento de la información 

6*%*#)%*)*%#"*#1(5.%/*,12(#'&#)./*%.(#,./.#$-().#0&#%&5&]
%&(,1*#".'#0*).'#.9)&(10.'#&(#"*#5*'&#*()&%1.%7#!"#.93&)14.#
5-(0*/&()*"#5-&#%&*;%-$*%#"*#1(5.%/*,12(#,.(#"*##(*"10*0#
0&#5*4.%&,&%#"*#.9)&(,12(#0&#%&'-")*0.'7#

!(#$%1/&%# "-;*%#'&#*;%-$2# "*# 1(5.%/*,12(#%&,.;10*#A#'&#
.%;*(1:2#)./*(0.#,./.#%&5&%&(,1*#".'#1(01,*0.%&'#0&#&4*]
"-*,12(#Tm1;-%*#_`7#

O# ,.()1(-*,12(# '&# %&*"1:2# -(*# %&0-,,12(# 0&# 0*).'# @-&#
$&%/1)12# .9)&(&%# "*# %&"&4*(,1*# 0&# ,*0*# ,*)&;.%+*7# L.'#
0*).'# .9)&(10.'# '&# .%;*(1:*%.(# 0&# *,-&%0.# ,.(# "*'# 01]
/&('1.(&'#0&#*(<"1'1'j#%&$%&'&()*,12(#0&"#/.0&".#/&()*"#
A#$%.$-&')*#0&#$%&;-()*'# )*"# ,./.# '&#/-&')%*# *# ,.()1]
(-*,12(j
#
A. El fenómeno se explica por la interacción de un con-
junto de elementos.
Esta categoría aparece a nivel de modelo y tipos de pre-
guntas.

En relación con el modelo, se presenta el conejo como 
un sistema vivo, ya que presenta de forma explícita el 
conejo como un espacio de interacción entre diversidad 
de elementos.

En relación con las preguntas, se presentan básicamente 
dos tipos:

16 17

A. El fenómeno 
se explica por la 
interacción de un 
conjunto de ele-
mentos.

^7# !(# %&5&%&(,1*# *"# mo-
deloD# '&# $%&'&()*# "*# %&]
"*,12(# &()%&# ,%&,1/1&().#
A#(-)%1,12(# *# $*%)1%# 0&# "*#
1()&%*,,12(# 1(01410-.s
/&01.D# "*'# ,*%*,)&%+')1,*'#
0&# ,*0*# &"&/&().# A# ".'#
/&,*(1'/.'# @-&# )1&(&(#
".'#1(01410-.'#$*%*#,*$)-]
%*%#A#)%*('5.%/*%#/*)&%1*#
A#&(&%;+*7

^7# !(# %&5&%&(,1*#
*# "*'# preguntas, 
"*# $%.$-&')*# &')*]
9"&,&# "*# %&"*,12(#
&()%&# ,%&,1/1&().#
A#(-)%1,12(#*#$*%)1%#
0&# "*# 1()&%*,,12(#
1(01410-.s/&01.D#
"*'# ,*%*,)&%+')1,*'#
0&# ,*0*# &"&/&().#
A# ".'# /&,*(1'/.'#
@-&# )1&(&(# ".'# 1(]
01410-.'#$*%*#,*$]
)-%*%#A#)%*('5.%/*%#
/*)&%1*#0&"#/&01.7

m1;-%*#c
Tabla cualitativa de recogida de datos.

m1;-%*#g
Tabla cuantitativa de recogida de datos.

A. El fenómeno se explica por la interacción
de un conjunto de elementos.

^7L*#%&"*,12(j#
^7X7H+#'&#&>$"1,1)*#
7̂V7t.#'&#&>$"1,1)*

=.(#%&"*,12(#*"#modeloD "*#$%&'&()*,12(#0&"#,.(&3.#
'&#C*,&# )&(1&(0.#&(#,-&()*# "*'#,*%*,)&%+')1,*'#0&#
'-# /&01.# 1()&%(.# &(# 5.%/*# 0&# /&,*(1'/.# @-&D#
&(# 1()&%*,,12(D# $&%/1)&# %&*"1:*%# "*# 5-(,12(# 0&#
(-)%1,12(#,./.#%&"*,12(#&>$"+,1)*#&()%&#&"&/&().'#
@-&#5.%/*(#&"#,.(&3.7#T81*$7#Xg#A#X_`7

=.(#%&"*,12(#*#"*'#preguntas: Io=2/.#".#C*,&#&"#
,-&%$.#0&"#,.(&3.#$*%*#)%*('5.%/*%#".'#*"1/&().'#
&(#&>,%&/&().'#A#&(#.%1(*#A#*$%.4&,C*%#*@-&"".#
@-&#(&,&'1)*#$*%*# ,%&,&%pJ# T81*$7#Xh#A#X\`7#L*#
,-&')12(# 5*4.%&,&# -(*# 41'12(# &>$"+,1)*# 0&# ".'#
&"&/&().'#@-&#5.%/*(#&"#,.(&3.#)./*(0.#,./.#
%&5&%&(,1*#"*#(-)%1,12(D#A*#@-&#$-&0&#5*,1"1)*%#@-&#
&(#"*#%&'$-&')*#'&#1()&;%&#"*#&()%*0*#0&#*"1/&().#A#
"*#'*"10*#0&#&>,%&/&().'#A#"*#5-(,12(#0&#(-)%1,12(#
,./.# 5-(,12(# @-&# 5*,1"1)*# &')*# )%*('5.%/*,12(7#
I=-*(0.#-(#,.(&3.#0&3*#0&#,%&,&%#0&#)*/*b.D#o"&#
'1;-&#,%&,1&(0.#&"#$&".pJ#T81*$7#Xh`7#L*#,-&')12(#
5*4.%&,&#-(*#41'12(#&>$"+,1)*#0&#"*#%&"*,12(#&()%&#
".'# &"&/&().'# @-&# 5.%/*(# &"# ,.(&3.D# A*# @-&#
$-&0&#$&%/1)1%#&"#&')*9"&,1/1&().#0&#,.(&>1.(&'#
&()%&#-(*#$*%)&#0&"#,.(&3.#A#'-#;".9*"10*0#,./.#
1(01410-.#*#$*%)1%#0&#'-#,%&,1/1&().7

m1;-%*#_
Tabla de agrupación de información por indicadores.

PERSPECTIVA SISTbMICA

0 A1 A2 A3

8

9

10 P

11

12

13

14

15 M

16 M

17 P
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Las preguntas del tipo: «¿qué signi! ca este dibujo para 
ti?, ¿tiene aparato digestivo?, ¿cómo funciona?» están 
centradas en un único nivel sistémico, lo cual puede fa-
vorecer la identi! cación de elementos pero difícilmente 
la interacción, ya que se focalizan en una única escala.

Las preguntas: «¿qué relación estableces entre el conejo 
y el campo de zanahorias?, cuando el conejo crece de ta-
maño, ¿qué ha crecido en su interior?, cuando el conejo 
deja de crecer en tamaño, ¿le sigue creciendo el pelo?, 
cuando el conejo crece, ¿sólo le crecen los huesos?; 
si crees que no, ¿qué le crece? y ¿qué tiene la comida 
del conejo para que los huesos le crezcan?, ¿hay calcio 
dentro de los huesos?, ¿dónde está?, piden que el alum-
nado establezca relaciones entre dos niveles sistémicos, 
ya que la elaboración de las respuestas puede favorecer 
el establecimiento de interacciones entre los elementos 
que forman el sistema para explicar los procesos que se 
presentan.
 
H&;-10*/&()&#'&#$%.,&012#*#)%*)*%#"*#1(5.%/*,12(#%&"*)14*#
*#"*'#%&$%&'&()*,1.(&'#0&"#/.0&".#/&()*"#T,.(.,1/1&().#
0&#"*#/*)&%1*`#A#"*#0&#"*'#$%.$-&')*'#0&#$%&;-()*'#T,.(.]
,1/1&().#'.9%&#"*#5.%/*#0&#&('&b*%`#0&#/*(&%*#015&%&(]
,1*0*7#O'+D#,.(#%&'$&,).#*#"*#%&$%&'&()*,12(#0&"#/.0&".#
/&()*"#'&#,./$*%*%.(#".'#0*).'#.9)&(10.'#&(#&"#*(<"1'1'#
0&# ".'# )%*9*3.'# 1(1,1*"&'#A##(*"&'#0&# "*#/1'/*#/-&')%*#
*;%-$*0.'#$.%#,*)&;.%+*'#-)1"1:*(0.#-(*#)*9"*#0&#,./$*]
%*,12(#Tm1;-%*#h`7#

L*#"&,)-%*#0&#"*#)*9"*#$&%/1)12#.9'&%4*%#,2/.#&(#%&"*,12(#
,.(# "*#,*)&;.%+*#O#&"# )%*9*3.##(*"#$%&'&()*9*#-(#*4*(,&#
'1;(1#,*)14.#%&'$&,).#*"#1(1,1*"D#$-&'#'&#$*'*9*#0&#-(*#41]
'12(#&')%-,)-%*"#T$%&'&()&#&(#&"#)%*9*3.#1(1,1*"`#*#-(*#@-&#
)./*9*#,./.#$-().#0&#%&5&%&(,1*#"*'#1()&%*,,1.(&'#T,./.#
'&#.9'&%4*#&(#&"#)%*9*3.##(*"`7

=.(#%&"*,12(#*#"*'#$%.$-&')*'#0&#$%&;-()*'#'&#%&*"1:2#-(#
*(<"1'1'#@-&#$&%/1)12#*'1;(*%#,*)&;.%+*'#A#</91).'#*#,*0*#
$%.$-&')*7#6*%*#&"*9.%*%".#'&#01'&b2#-(*#(-&4*#)*9"*#Tm1]
;-%*# \`D# ,-A*'##"*'# %&$%&'&()*(# "*'# $%.$-&')*'# 0&# $%&]

;-()*'D# A# "*'# ,."-/(*'D# "*'# ,*)&;.%+*'# 0&#(10*'# 0&()%.#
0&#,*0*#</91).7#=-*(0.#&(#-(*#$%&;-()*#%&'-")*9*#'1;(1]
#,*)14*#"*#$%&'&(,1*#0&#"*#,*)&;.%+*#,.%%&'$.(01&()&D#'&#
'./9%&*9*#-(*#,*'1""*7

6.')&%1.%/&()&# '&# *'1;(2# -(*# )1$.".;+*# ,.;(1)14.]"1(]
;r+')1,*#*#,*0*#$%&;-()*7#6*%*#C*,&%".#'&#%&,-%%12#0&#(-&]
4.#*"#)&>).#3-')1#,*)14.#,./.#&"#@-&#'&#/-&')%*#*#,.()1]
(-*,12(j 

La pregunta: «cuando un conejo crece en tamaño, ¿qué 
ha crecido en su interior?» puede favorecer la identi! -
cación del conejo como un sistema (categoría A), ya que 
parte de una visión integradora de los elementos estruc-
turales que forman el conejo. Se puede categorizar como 
una pregunta para explicar procesos vitales, ya que su 
! nalidad es que el alumnado produzca razones o argu-
mentos de manera ordenada, estableciendo relaciones 
causales entre diversidad de niveles sistémicos.

6.%#S")1/.D# '&#*'1;(2#*#,*0*#$%.$-&')*#0&#$%&;-()*# '1]
/-")<(&*/&()&#-(*#,*)&;.%+*#A#-(*#)1$.".;+*#,.;(1)14.]
"1(;r+')1,*#Tm1;-%*#[`7#

O'+D#$.%# &3&/$".D#$-&0&#4&%'&#@-&# "*#$%&;-()*#«Cuan-
do un conejo crece en tamaño, ¿qué ha crecido en su 
interior?»# 5*4.%&,&# "*#$%&'&(,1*#0&# "*#,*)&;.%+*#Oj#IEl 
fenómeno se explica por la interacción de un conjunto 
de elementos»#AD#*#'-#4&:D#&"".#%&'$.(0&#*# "*#C*91"10*0#
,.;(1)14.]"1(;r+')1,*#0&#Iexplicar procesos vitales»7#8&#
&')&#/.0.#'&#%&"*,1.(*(#"*'#,*)&;.%+*'#'1;(1#,*)14*'#,.(#
"*'#C*91"10*0&'#,.(;(1)14.]"1(;r+')1,*'#@-&#5*4.%&,&(#'-#
$%&'&(,1*7

PERSPECTIVA SISTbMICA
Inicial fCIg Final fCFg

A. El fenómeno se explica por la 
interacción de un conjunto de 
elementos. 

A. El fenómeno se explica por 
la interacción de un conjunto 
de elementos.

L*#$%&'&(,1*#0&"#'1')&/*#'&#,&()%*#
&(#"*#10&()1#,*,12(#0&#".'#&"&/&(]
).'# &')%-,)-%*"&'# ,*%*,)&%+')1,.'#
0&"#,.(&3.#T$&".D#/*'*D#.3.'`#A#&(#
"*'# %&5&%&(,1*'# ,.()1(-*0*'# *# "*#
4*%1*,12(# 0&#/*'*# ,./.# *'$&,).#
0&)&%/1(*()&#0&"# ,%&,1/1&().#0&"#
,.(&3.7

H&# $%&'&()*# &"# ,.(&3.# ,./.# -(#
'1')&/*#414.D#A*#@-&#$%&'&()*#0&#
5.%/*# &>$"+,1)*# &"# ,.(&3.# ,./.#
-(# &'$*,1.# 0&# 1()&%*,,12(# &()%&#
014&%'10*0#0&#&"&/&().'7#

m1;-%*#h
Tabla de comparación de datos entre trabajos iniciales y fi nales.

PREGUNTA A
oq-B# '1;(1#,*# &')&# 019-3.# $*%*# )1p# oq-B# %&"*,12(# &')*9"&,&'#
&()%&#&"#,.(&3.#A#&"#,*/$.#0&#:*(*C.%1*'p#
=-*(0.# -(# ,.(&3.# ,%&,&# &(# )*/*b.D# o@-B# C*# ,%&,10.# &(# '-#
1()&%1.%p#

m1;-%*#\
Tabla de asignación de categorías a cada pregunta.

PREGUNTA A TIPOLOGhA

oq-B#'1;(1#,*#&')&#019-3.#$*%*#)1p#
oq-B# %&"*,12(# &')*9"&,&'# &()%&# &"#
,.(&3.#A#&"#,*/$.#0&#:*(*C.%1*'p#

8&',%191%#1()&%*,,1.(&'7

=-*(0.#-(#,.(&3.#,%&,&#0&#)*/*]
b.D#o@-B#C*#,%&,10.#&(#'-#1()&%1.%p !>$"1,*%#$%.,&'.'#41)*"&'7

oE.0.#".#@-&#,./&#".#,.(41&%)&#&(#
&>,%&/&().'#A#.%1(*p#o6.%#@-Bp i-')1#,*%#$%.,&'.'#41)*"&'7

m1;-%*#[
Tabla de asignación de categorías y tipologías 

cognitivo-lingüísticas a cada pregunta.
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###6.3. Tercera fase: obtención de resultados con rela-
ción a la representación del modelo ser vivo

!"# $%.,&'.# '&;-10.# $*%*# .9)&(&%# %&'-")*0.'# %&"*)14.'# *#
"*'#%&$%&'&()*,1.(&'#0&"#/.0&".#/&()*"#0&"#*"-/(*0.#'&#
/-&')%*#&(#"*##;-%*#XW7

6*%*#.9)&(&%#".'#%&'-")*0.'##(*"&'#%&"*)14.'#*#"*'#%&$%&'&(]
)*,1.(&'#0&"#/.0&".#/&()*"#0&"# *"-/(*0.D# '&#*(*"1:2# "*#
1(5.%/*,12(#&(#%&"*,12(#,.(#"*'#,*)&;.%+*'D#$*%*#0&'$-B'#
*(*"1:*%#"*#1(5.%/*,12(#%&"*)14*#*#,*0*#-(.#0&#".'#</91]
).'7#

=./.#1(')%-/&().#'&#-)1"1:2#-(#;%<#,.#@-&#$&%/1)+*#%&]
$%&'&()*%#"*#)&(0&(,1*#*"#,*/91.#&()%&#&"#)%*9*3.#1(1,1*"#
A#&"##(*"#Tm1;-%*#XX`7#!(#01,C.#;%<#,.#&"#'&()10.#0&#"*#
#&,C*#1(01,*#&(#@-B#)%*9*3.#&'#/<'#*")*#"*#$%&'&(,1*#0&#
"*#,*)&;.%+*7#H1#"*#$%&'&(,1*#&'#&@-14*"&()&#&(#*/9.'D#'&#
'&b*"*#"*#,*)&;.%+*#,.(#-(#,+%,-".7#

6*%*#5*,1"1)*%#"*#,./$%&('12(#0&#"*#1(5.%/*,12(#'&#*03-(]
)2#-(#)&>).#0&#,*%<,)&%#3-')1#,*)14.#,./.#&"#'1;-1&()&j#

«La categoría A aumenta su presencia en el trabajo ! nal res-
pecto al trabajo inicial. En el trabajo inicial hay una visión 
muy estructurada de ser vivo que se reduce a la presencia 
sumativa de características estructurales. En el trabajo ! nal 
se observa la presencia de un modelo en el que los diferentes 
elementos que nos permiten entender el animal como un sis-
tema vivo se presentan en interacción» @-&#'&%4+*#0&#,./$"&]
/&().#*#"*#1(5.%/*,12(#%&$%&'&()*0*#&(#&"#;%<#,.7

N(*# 4&:# *;%-$*0*# "*# 1(5.%/*,12(# &(# ,*)&;.%+*'D# &"# '1]
;-1&()&#$*'.#5-&#%&.%;*(1:*%"*#&(#</91).'7#6*%*#&"".#'&#
-)1"1:2#"*#/1'/*#)1$.".;+*#0&#;%<#,.'#@-&#&(#&"#*(<"1'1'#
$.%#,*)&;.%+*'7

L*#1(5.%/*,12(#.9)&(10*#'&#*;%-$2#&(#-(*#)*9"*#Tm1;-]
%*#XV`D#,-A*'##"*'#,.%%&'$.(0&(#*#".'#015&%&()&'#</91).'#
@-&#.%1&()*(#"*#&4*"-*,12(D#A#"*'#,."-/(*'D#*#"*'#/-&']
)%*'7#!(#,*0*#,&"0*#'&#,.".,*#-(#'+/9.".#@-&#%&$%.0-,&#
".'# -)1"1:*0.'# &(# ".'# ;%<#,.'# @-&# '&# ,./$"&/&()*# ,.(#
1(5.%/*,12(#)&>)-*"7#L*#1(5.%/*,12(#%&,.;10*#&(#"*#)*9"*#
.5%&,&#-(*#41'12(#0&#,.(3-().#@-&#$&%/1)&#""&;*%#*#,.(]
,"-'1.(&'#;&(&%*"&'#'.9%&#"*'#/-&')%*'#*(*"1:*0*'7

m1;-%*#XW
Obtención de datos en relación con la representación del modelo ser vivo.

Z&$&%'&()*,1.(&'
/.0&".#/&()*"

=./$*%*,12(
1()%*/-&')%*'
$.%#,*)&;.%+*'

=./$*%*,12(
1()%*/-&')%*'
$.%#</91).'

=./$*%*,12(
1()%*/-&')%*'
$.%#,*)&;.%+*'

=./$*%*,12(
1()%*/-&')%*'
$.%#</91).'

m1;-%*#XX
Gráfi co para representar la tendencia al cambio respecto a las categorías.

O7#!"#5&(2/&(.#'&#&>$"1,*#$.%#"*#1()&%*,,12(#&()%&#-(##,.(]
3-().#0&#&"&/&().'7#
B7# !"# '1')&/*# )1&(&# &')%-,)-%*D##-3.# T/*)&%1*# A# &(&%;+*`# A#
5-(,1.(&'7#
=7#L.'#'1')&/*'#(*)-%*"&'#&')<(#&(#1()&%*,,12(#,.(#&"#/&01.7#
87#!"#'1')&/*#'&#*-)..%;*(1:*#,./.#%&'$-&')*#*#"*'##-,)-*]
,1.(&'#0&"#&().%(.7#
!7#!"#'1')&/*#$%&'&()*#"+/1)&'#A#&/&%;&(,1*'7#
m7# !>1')&# ,.(,1&(,1*# 0&# "*# &>1')&(,1*# 0&# 015&%&()&'# (14&"&'#
'1')B/1,.'#@-&#$-&0&(#&')-01*%'&#0&#5.%/*#,.(3-()*7#

E%*9*3.#=j#G<#,.#,./$*%*)14.#%&$%&'&()*,12(#0&"#/.0&".7
u/91).j#6&%'$&,)14*#'1')B/1,*7

O B = 8 ! m

E%*9*3.##(*"

=*)&;.%+*'

E%*9*3.#1(1,1*"
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MUESTRAS
AM fpato mudog C fconejog G fguppyg EF fescarabajo g

u
L
BG
EO
H

6H

!
H&# *4*(:*# C*,1*# "*# $%&'&(,1*# '1;]
(1#,*)14*# 0&# "*# $&%'$&,)14*# 01(<]
/1,*D#0*0*#"*#%&"&4*(,1*#0&#"+/1)&'#
A#&/&%;&(,1*'D#&')*9"&,1&(0.#%&"*]
,1.(&'#&()%&#&',*"*'7#

!
e*A# $%&'&(,1*# '1;(1#,*)1]
4*#0&#).0*'#"*'#,*)&;.%+*'#
-)1"1:*0*'#&(#&"#*(<"1'1'7#

!
H&# *4*(:*# C*,1*# "*# $%&'&(,1*# '1;(1]
#,*)14*# 0&# "*# %&"*,12(# &()%&# ".'# &"&]
/&().'#@-&#5.%/*(#&"#'1')&/*D#0&'0&#
-(*#$&%'$&,)14*#01(</1,*#A#,.(#%&"&]
4*(,1*#0&#"+/1)&'#A#&/&%;&(,1*'7#

!
H&#*4*(:*#C*,1*#"*#$%&'&(]
,1*# '1;(1#,*)14*# 0&# ).0*'#
"*'#,*)&;.%+*'#0&#*(<"1'1'7#

=

!
H&#*4*(:*#0&#"*#,*-'*"10*0#"1(&*"#*"#
&')*9"&,1/1&().#0&#%&"*,1.(&'#/-"]
)1,*-'*"&'#,.(#-(#S(1,.#&5&,).7#

!
H&#*4*(:*#0&#"*#,*-'*"10*0#
"1(&*"# *"# &')*9"&,1/1&().#
0&# %&"*,1.(&'#/-")1,*-'*]
"&'#,.(#-(#S(1,.#&5&,).7

!
H&#*4*(:*#0&# "*#,*-'*"10*0# "1(&*"#*"#
&')*9"&,1/1&().#0&#%&"*,1.(&'#/-")1]
,*-'*"&'#,.(#/-")1&5&,).'7#

!
H&#*4*(:*#0&#"*#,*-'*"10*0#
"1(&*"# *"# &')*9"&,1/1&().#
0&# %&"*,1.(&'#/-")1,*-'*]
"&'#,.(#-(#S(1,.#&5&,).7

G

!
H&# *4*(:*# C*,1*# "*# $%&'&(,1*# 0&"#
&3&# )&/$.%*"# 0&'0&# -(*# $&%'$&,]
)14*# '1;(1#,*)14*# .%1&()*0.%*# 0&"#
5&(2/&(.#0&#&')-01.7

"
t.#'&#*4*(:*#&(#"*#$%&'&(]
,1*#0&#&')&#</91).7

!
H&# *4*(:*# C*,1*# "*# $%&'&(,1*# 0&'0&#
-(*#$&%'$&,)14*#'1;(1#,*)14*#.%1&()*]
0.%*#0&"#5&(2/&(.#0&#&')-01.7

"
t.#'&#*4*(:*#&(#"*#$%&'&(]
,1*#0&#&')&#</91).7

O1#G
"
!"# )%*9*3.# $.'&&# -(*# $&%'$&,)14*#
0&)&%/1(1')*7

!
!"#)%*9*3.#$.'&&#-(*#$&%']
$&,)14*#0&)&%/1(1')*7#

"
!"#)%*9*3.#$.'&&#-(*#$&%'$&,)14*#0&]
)&%/1(1')*7

!
!"#)%*9*3.#$.'&&#-(*#$&%']
$&,)14*#0&)&%/1(1')*7#

m1;-%*#XV
Tabla resumen de los datos obtenidos en cada uno de los ámbitos.

L*#"&,)-%*#0&#"*#)*9"*#$&%/1)&#.9'&%4*%#,2/.#&(#&"#,*'.#0&#"*#
/-&')%*#=#&"#</91).#I$&%'$&,)14*#'1')B/1,*J (PS) *0@-1&%&#
-(*#/*A.%#$%&'&(,1*#&(#&"#)%*9*3.##(*"#@-&#&(#&"#1(1,1*"7#!(#
%&5&%&(,1*#*"#</91).#I,*-'*"10*0J (C),#&"#,*/91.#&'#/-A#$-(]
)-*"7#!(#%&"*,12(#,.(#&"#</91).#I1%%&4&%'191"10*0J (I), $-&0&#
4&%'&#@-&#)1&(&#-(*#/*A.%#$%&'&(,1*#&(#&"#)%*9*3.##(*"D#/1&(]
)%*'#@-&#&(#&"#</91).#I*:*%#&#1(0&)&%/1(*,12(J (AeI)#(.#'&#
.9'&%4*#(1(;S(#,*/91.#&()%&#".'#)%*9*3.'#1(1,1*"&'#A##(*"&'7

6.4. Tercera fase: obtención de resultados en relación 
con la propuesta de preguntas

!"# $%.,&'.# '&;-10.# $*%*# .9)&(&%# %&'-")*0.'# %&"*)14.'# *#
"*'#$%.$-&')*'#0&#$%&;-()*'#@-&#%&*"1:*#&"#*"-/(*0.#'&#
/-&')%*#&(#"*##;-%*#X^7

6*%*#.9)&(&%# %&'-")*0.'##(*"&'# %&"*)14.'#*# "*#$%.$-&']
)*#0&#$%&;-()*'D#'&#%&*"1:2#-(#*(<"1'1'#@-&#)./2#,./.#

%&5&%&()&'# "*'# ,*)&;.%+*'# A# </91).'D# A# '-# %&"*,12(# ,.(#
"*'#)1$.".;+*'#0&#C*91"10*0&'#,.;(1)14.]"1(;r+')1,*'7#L*#
$%&'&()*,12(#0&#"*#1(5.%/*,12(#'&#&')%-,)-%2#&(#0.'#(1]
4&"&'j# "*'#,*)&;.%+*'#*;%-$*0*'#$.%#</91).'#A# ".'#</]
91).'7

!(# ,-*().# *# "*'# ,*)&;.%+*'# *;%-$*0*'# $.%# </91).'D# &"#
&3&/$".#.5%&,10.#&(# "*##;-%*#Xc#$&%/1)&#.9'&%4*%#@-&D#
&(#"*#/-&')%*#=D#&"#*"-/(*0.#S(1,*/&()&#$%.$.(&#$%&]
;-()*'#5*4.%&,&0.%*'#0&#"*#$%&'&(,1*#0&"#/.0&".#0&#'&%#
414.#,./$"&3.#&(#&"#)%*9*3.##(*"D#$.')&%1.%#*"#0&'*%%."".#
0&"#$%.;%*/*7#O"#*(*"1:*%# "*#$%.$-&')*#0&#$%&;-()*'#'&#
.9'&%4*#@-&D#0&()%.#0&#".'#1()&%%.;*()&'#5.%/-"*0.'#$.%#
&"#*"-/(*0.D#".'#@-&#5*,1"1)*(#/*A.%#$%&'&(,1*#0&#,*)&]
;.%+*'#$&%)&(&,1&()&'#*"#</91).#I$&%'$&,)14*#'1')B/1,*J#
'.(#*@-&"".'#,&()%*0.'#&(#"*#0&',%1$,12(#0&#1()&%*,,1.(&'#
TOD#BD#=D#8D#m`D#&(#"*#&>$"1,*,12(#0&#$%.,&'.'#41)*"&'#TOD#
BD#=D#8D#!D#m`#A#&(#"*#3-')1#,*,12(#0&#$%.,&'.'#41)*"&'#TBD#
=D#8D#!D#m`7

m1;-%*#X^
Obtención de datos en relación con la propuesta de preguntas.

6%.$-&')*
0&#$%&;-()*'

6%&'&(,1*#0&#)1$.".;+*#
0&#$%&;-()*'
&(#".'#)%*9*3.'

Z&$%&'&()*,12(#
;%<#,*#0&#&"&/&().'#
'1;(1#,*)14.'#
$.%#,*)&;.%+*'

Z&$%&'&()*,12(#
;%<#,*#0&#&"&/&().'#
'1;(1#,*)14.'#
$.%#</91).'
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###

TIPOLOGhA
CATEGORhAS

A B C D E F

*7#8&',%191%#"*'#,*%*,)&%+')1,*'#&')%-,)-%*"&'#0&#".'#'&%&'#414.'7 Gm Gm Gm

97#8&',%191%#,*%*,)&%+')1,*'#&')%-,)-%*"&'#0&#$*%)&'#0&"#/&01.#1()&%(.#0&#".'#'&%&'#414.'7 =Xm =Xm

,7#8&',%191%#,*%*,)&%+')1,*'#&')%-,)-%*"&'#0&#$*%)&'#0&"#/&01.#&>)&%(.#0&#".'#'&%&'#414.'7

07#8&',%191%#,*)&;.%+*'#01(</1,*'#&'$*,1*"&'#0&#".'#'&%&'#414.'7 =Xm
!mVm

OLm
=Xm
!mVm

=Xm

&7#8&',%191%#,*%*,)&%+')1,*'#01(</1,*'#&'$*,1*"&'#0&#$*%)&'#0&"#/&01.#1()&%(.#0&#".'#'&%&'#414.'7#

57#8&',%191%#,*%*,)&%+')1,*'#01(</1,*'#&'$*,1*"&'#0&#$*%)&'#0&"#/&01.#&>)&%(.#0&#".'#'&%&'#414.'7#

;7#8&',%191%#,*%*,)&%+')1,*'#01(</1,*'#)&/$.%*"&'#0&#".'#'&%&'#414.'7# !mVm
OLm
!mVm

C7#8&',%191%#1()&%*,,1.(&'7# =Xm =Xm =Xm
Gm =Xm Gm =Xm

17#!>$"1,*%#$%.,&'.'#41)*"&'7# =Xm =Xm

Gm

=Xm
!mVm
Gm

OLm
=Xm
!mVm
Gm

=Xm
!mVm
Gm

OLm
=Xm
!mVm
Gm

37#i-')1#,*%#$%.,&'.'#41)*"&'7# =Xm =Xm
Gm

=Xm =Xm
Gm

=Xm
Gm

m1;-%*#Xc
Tabla de asignación de categorías del ámbito «perspectiva sistémica» a las tipologías cognitivo-lingüísticas.

TIPOLOGhA
ÁMBITOS

PS C A e I I

*7#8&',%191%#"*'#,*%*,)&%+')1,*'#&')%-,)-%*"&'#0&#".'#'&%&'#414.'7 Gm

97#8&',%191%#,*%*,)&%+')1,*'#&')%-,)-%*"&'#0&#$*%)&'#0&"#/&01.#1()&%(.#0&#".'#'&%&'#414.'7 =Xm

,7#8&',%191%#,*%*,)&%+')1,*'#&')%-,)-%*"&'#0&#$*%)&'#0&"#/&01.#&>)&%(.#0&#".'#'&%&'#414.'7

07#8&',%191%#,*)&;.%+*'#01(</1,*'#&'$*,1*"&'#0&#".'#'&%&'#414.'7
OLm
=Xm
!mVm

OLm

&7#8&',%191%#,*%*,)&%+')1,*'#01(</1,*'#&'$*,1*"&'#0&#$*%)&'#0&"#/&01.#1()&%(.#0&#".'#'&%&'#414.'7#

57#8&',%191%#,*%*,)&%+')1,*'#01(</1,*'#&'$*,1*"&'#0&#$*%)&'#0&"#/&01.#&>)&%(.#0&#".'#'&%&'#414.'7#

;7#8&',%191%#,*%*,)&%+')1,*'#01(</1,*'#)&/$.%*"&'#0&#".'#'&%&'#414.'7# OLm
!mVm !mVm !mVm

C7#8&',%191%#1()&%*,,1.(&'7# =Xm
Gm

17#!>$"1,*%#$%.,&'.'#41)*"&'7#

OLm
=Xm
!mVm
Gm

OLm
=Xm
!mVm
Gm

=Xm
OLm

37#i-')1#,*%#$%.,&'.'#41)*"&'7# =Xm
Gm

=Xm
Gm

=Xm
!mVm

m1;-%*#Xg
Tabla de asignación de ámbitos a las tipologías cognitivo-lingüísticas.



INVESTIGACIÓN DIDÁCTICA

413ENSEÑANZA DE LAS CIENCIAS, 2008, 26(3)

!(#%&"*,12(#,.(#".'#</91).'D#,./.#$-&0&#.9'&%4*%'&#&(#"*#
#;-%*#XgD#&(#"*#/-&')%*#=#&"#*"-/(*0.#S(1,*/&()&#$%.$.(&#
$%&;-()*'#5*4.%&,&0.%*'#0&#"*#$%&'&(,1*#0&"#/.0&".#0&#'&%#
414.#,./$"&3.#&(#&"#)%*9*3.##(*"D#$.')&%1.%#*"#0&'*%%."".#0&"#
$%.;%*/*7#H&#.9'&%4*#@-&D#&()%&#".'#1()&%%.;*()&'#'-;&%10.'#
$.%#&"#*"-/(*0.D#".'#@-&#5*,1"1)*(#/*A.%#$%&'&(,1*#0&#</91]
).'#'1;(1#,*)14.'#'.(#".'#%&"*)14.'#*#"*#&>$"1,*,12(#0&#$%.,&]
'.'#41)*"&'#(PS, C, I, AeI)#A#".'#,&()%*0.'#&(#"*#3-')1#,*,12(#
0&#$%.,&'.'#41)*"&'#(PS, C, AeI)7

7. DISCUSIÓN DE LOS RESULTADOS

!"#$%.,&'.#0&#&4*"-*,12(#0&"#$%.;%*/*#C*#$.'191"1)*0.#.9]
)&(&%#%&'-")*0.'#@-&#$&%/1)&(#&/1)1%#3-1,1.'#&(#%&5&%&(,1*#
*#".'#0.'#.93&)14.'#@-&#.%1&()*(#"*#1(4&')1;*,12(j#&"#4*".%#
@-&#)./*#&"#$%.;%*/*#A#"*#&"*9.%*,12(#0&#*";-(*'#.%1&(]
)*,1.(&'#$*%*#5*4.%&,&%#"*#$%&'&(,1*#0&"#/.0&".#,.(,&$]
)-*"#'&%#414.#&(#"*#5.%/*,12(#0&#$%.5&'.%*0.#0&#!0-,*,12(#
6%1/*%1*7#O#,.()1(-*,12(#'&#$%&'&()*# "*#01',-'12(#0&# ".'#
%&'-")*0.'#&(# %&5&%&(,1*#*#,*0*#-(.#0&# ".'#.93&)14.'#*(]
)&%1.%&'7#

7.1. Discusión de los resultados respecto al valor 
iue toma el programa

L.'#%&'-")*0.'#.9)&(10.'#$&%/1)&(#10&()1#,*%#"*'#,*)&;.]
%+*'# %&'$&,).# *# "*'# @-&# &"# $%.;%*/*# 5*4.%&,&# ,*/91.'D#
)*().#&(#%&5&%&(,1*#*#"*#%&$%&'&()*,12(#0&"#/.0&".#/&(]
)*"#0&"#*"-/(*0.#,./.#%&'$&,).#*"#)1$.#0&#$%&;-()*'#@-&#
$%&'&()*#&"#*"-/(*0.#&(#'-'#$%.0-,,1.(&'7#

=.(#%&'$&,).#*# "*# %&$%&'&()*,12(#0&"#/.0&".#/&()*"#0&"#
*"-/(*0.D#".'#%&'-")*0.'#;".9*"&'#.9)&(10.'#&(#"*#1(4&']
)1;*,12(#/-&')%*(#@-&#".'#,*/91.'#'1;(1#,*)14.'#'&#$%.]
0-,&(#&(# ".'#</91).'#I$&%'$&,)14*#'1')B/1,*J#A#I,*-'*]
"10*0JD# /1&()%*'# @-&# &(# ".'# </91).'# I1%%&4&%'191"10*0J
A#I*:*%#&#1(0&)&%/1(*,12(J#(.#'&#/*(1#&')*(#,*/91.'#'1;]
(1#,*)14.'.#=-*(0.#,&()%*/.'#&"#5.,.#0&#01',-'12(#&(#"*'#
,*)&;.%+*'#-)1"1:*0*'#$*%*#&"#*(<"1'1'#'&#$-&0&#.9'&%4*%j

Z&'$&,).#*"#</91).#I$&%'$&,)14*#'1')B/1,*JD &"#0&'*%%."".#
0&"#$%.;%*/*#$&%/1)&#*4*(:*%#C*,1*#"*#%&$%&'&()*,12(#0&#
-(#/.0&".#@-&#5*4.%&,&#"*#%&"*,12(#&()%&#&')%-,)-%*D##-3.#
A#5-(,12(7#!')1/-"*#"*#$%&'&(,1*#0&#"*#$&%'$&,)14*#'1')B/1]
,*#,.('10&%*(0.#"*#1()&%*,,12(#0&"#1(01410-.#,.(#&"#/&01.#
0&'0&#-(*#$&%'$&,)14*#01(</1,*#0.(0&#(.#C*A#$%&'&(,1*#
0&#$%.,&'.'#*-)..%;*(1:*0.%&'7#H&#/*(1#&')*#-(*#1()&%%&]
"*,12(#&()%&#".'#(14&"&'#'1')B/1,.'#/*,%.D#/&'.#A#/1,%.D#
*-(@-&#&(#).0.'#".'#,*'.'#"*#1()&%%&"*,12(#'&#.%1&()*#C*,1*#
&"#/&'.7#!"#$%.;%*/*#(.#$.'191"1)*#"*#.9'&%4*,12(#0&"#'1']
)&/*#,./.#-(#,.(3-().#0&#&"&/&().'#@-&# 1()&%*,,1.(*(#
&()%&#'+#*#$*%)1%#0&#-(*#%&0#0&#%&"*,1.(&'7

=.(#%&"*,12(#*"#</91).#I,*-'*"10*0J '&#0&)&,)*#-(#*4*(,&#
C*,1*# "*# %&$%&'&()*,12(# 0&"#/.0&".# '&%# 414.# &(# &"# @-&#
,.(4&%;&(# 014&%'10*0# 0&# ,*-'*'# $*%*# &>$"1,*%# -(# &5&,]
).# 0&'0&# -(*# $&%'$&,)14*# -(101%&,,1.(*"# ,&()%*0*# &(# &"#
/&'.7#t.#'&#.9'&%4*#"*#$%&'&(,1*#0&#%&"*,1.(&'#'1/-")<]
(&*'#&()%&#/-")1,*-'*'#A#/-")1&5&,).'#0&'0&#$&%'$&,)14*'#
%&)%.*,)14*'#As.#%&,-%'14*'7

!(#,-*().#*#".'#</91).'#I1%%&4&%'191"10*0J A#I*:*%#&#1(]
0&)&%/1(*,12(J, (.# '&#/-&')%*(# ,*/91.'# '1;(1#,*)14.'#
&()%&#".'#)%*9*3.'#1(1,1*"&'#A##(*"&'7#!(#"*#%&$%&'&()*,12(#
0&"#/.0&".#'&%#414.#@-&#%&*"1:*#&"#*"-/(*0.#&"# )1&/$.#
(.#*$*%&,&#,./.#-(*#4*%1*9"&#%&"&4*()&#$*%*#&()&(0&%#&"#
5&(2/&(.7#!(#"*'#%&$%&'&()*,1.(&'#'&#&>$"1,*(#".'#$%.,&]
'.'#0&'0&#-(*#$&%'$&,)14*#0&)&%/1(1')*7#

=.(# %&'$&,).#*# "*'#$%.$-&')*'#0&#$%&;-()*'D# &"# %&'-")*]
0.#;".9*"#0&"#*(<"1'1'#*$"1,*0.#*"#,.(3-().#0&#).0*'#"*'#
/-&')%*'# *(*"1:*0*'# $&%/1)&# .9'&%4*%# @-&# &"# $%.;%*/*#
5*4.%&,&#"*#$%&'&(,1*#0&#".'#</91).'#I$&%'$&,)14*#'1')B]
/1,*J A#I,*-'*"10*0J#A#(.#&')1/-"*#"*#$%&'&(,1*#0&#".'#
</91).'#I1%%&4&%'191"10*0J A#I*:*%#&#1(0&)&%/1(*,12(J7

O(*"1:*(0.#".'#0*).'#,.(#0&)*""&#'&#$-&0&#.9'&%4*%#@-&#
@-1(,&# $%.$-&')*'# 0&# $%&;-()*'# &')1/-"*(# "*# $%&'&(,1*#
0&"# </91).# I$&%'$&,)14*# '1')B/1,*J @-&# *$*%&,&# &(# ".'#
,-*)%.# )%*9*3.'# #(*"&'# *(*"1:*0.'7# H&1'# $%.$-&')*'# 0&#
$%&;-()*'#5*4.%&,&(#"*#$%&'&(,1*#0&"#</91).#I,*-'*"10*0J 
@-&#'&#0&)&,)*#&(#".'#,-*)%.#)%*9*3.'##(*"&'#*(*"1:*0.'7#
H2".#)%&'#$%.$-&')*'#0&#$%&;-()*'#*A-0*(#*#"*#%&"&4*(,1*#
0&"#</91).#I1%%&4&%'191"10*0J @-&#*$*%&,&#&(#0.'#)%*9*3.'#
#(*"&'7#w(1,*/&()&#,-*)%.#$%.$-&')*'#0&#$%&;-()*'# 5*]
4.%&,&(#"*#$%&'&(,1*#0&"#</91).#I*:*%#&#1(0&)&%/1(*,12(J 
@-&#*$*%&,&#&(#0.'#)%*9*3.'##(*"&'7#

L.'#5-)-%.'#/*&')%.'#-)1"1:*(#'1&)&#)1$.".;+*'#,.;(1)14.]"1(]
;r+')1,*'#0&#$%&;-()*'7#L*'#@-&#5*4.%&,&(#"*#$%&'&(,1*#0&#
/*A.%#(S/&%.#0&#,*)&;.%+*'#'.(#"*#explicación de procesos 
vitales, '&;-10*#0&#"*#descripción de las características di-
námicas temporales de los seres vivos A#0&#"*#justi! cación 
de procesos vitales. L*#explicación 5*4.%&,&#"*#$%&'&(,1*#
0&#".'#,-*)%.#</91).'#&(#@-&#'&#C*#,&()%*0.#&"#*(<"1'1'#0&#
".'#)%*9*3.'D#/1&()%*'#@-&#"*'#.)%*'#0.'#)1$.".;+*'#5*,1"1)*(#
"*#*$*%1,12(#0&#)%&'#0&#".'#</91).'#,.('10&%*0.'7

7.2. Orientaciones didácticas

L.'#0*).'#.9)&(10.'#$&%/1)&(#$%.$.(&%#*";-(*'#.%1&()*]
,1.(&'#010<,)1,*'#@-&#,.()&/$"*(#)*().#"*#5.%/*#0&#$%&]
'&()*%# ".'# '1')&/*'# 414.'# &(# &"# *-"*# ,./.# ".'# )1$.'# 0&#
$%&;-()*'#@-&#'&#$-&0&(#$%.$.(&%#*"#*"-/(*0.7#

X`#!(#,-*().#*"#&(5.@-&#0&#".'#'1')&/*'#414.'#&(#"*'#,"*]
'&'#0&#810<,)1,*#0&#"*'#=1&(,1*'D#".'#0*).'#.9)&(10.'#$&%]
/1)&(#$%.$.(&%#"*'#'1;-1&()&'#.%1&()*,1.(&'j

a) La consideración de los fenómenos como sistemas en 
que se explicitan los elementos que los componen a nivel 
micro facilitaj

l#L*#41'12(#0&#".'#5&(2/&(.'#,./.#,.(3-().'#0&#'1')&/*'#
&(#0.(0&#1()&%*,,1.(*(#014&%'10*0#0&#&"&/&().'#T</91).#
I$&%'$&,)14*#'1')B/1,*J`D 0*0.#@-&#&"#/&'.#'1&/$%&#*$*]
%&,&#,./.#&"#%&'-")*0.#0&#-(#,.(3-().#0&#&')%-,)-%*'#@-&#
1()&%*,,1.(*(#&()%&#'+#*#(14&"#/1,%.7#

l#L*#,.(,1&(,1*#0&#"*#&>1')&(,1*##-3.D#&')%-,)-%*#A#5-(]
,12(# A# &"# &')*9"&,1/1&().# 0&# %&"*,1.(&'# '1;(1#,*)14*'#
&()%&#".'#)%&'#*'$&,).'#T</91).#I$&%'$&,)14*#'1')B/1,*J`D 
A*#@-&#".'#&"&/&().'#@-&#5.%/*(#&"#/1,%.#'&#$-&0&(#01]
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###5&%&(,1*%#A#'&#$-&0&(#&')*9"&,&%#4+(,-".'#'1;(1#,*)14.'#
&()%&#&"".'7#

l# L*# $%&'&(,1*# 0&# /-")1,*-'*'# A# /-")1&5&,).'# T</91).#
I,*-'*"10*0J`D# "*#,-*"#$-&0&#$.)&(,1*%#@-&#".'#/.0&".'#
&>$"1,*)14.'#&"*9.%*0.'#$.%#&"#*"-/(*0.#,.()&/$"&(#%&]
"*,1.(&'#/-")1,*-'*"&'#*#(14&"#/1,%.#@-&#)1&(&(#'-#%&#&3.#
&(#014&%'10*0#0&#&5&,).'#*#(14&"#/*,%.7

b) La presentación de los fenómenos como el resultado 
de la interacción entre los niveles meso, micro y macro 
$-&0&#5*4.%&,&%j

l#L*#'1;(1#,*)1410*0#0&#"*'#1()&%*,,1.(&'#&()%&#".'#1(01]
410-.'#A#&"#/&01.#&>)&%(.#T</91).#I$&%'$&,)14*#'1')B/1]
,*J`D#0*0.#@-&#$-&0&#*A-0*%#*#$.(&%#0&#/*(1#&').#@-&#
"*'# 1()&%*,,1.(&'# '&# $-&0&(# &>$"1,*%# A# 3-')1#,*%# ,./.#
%&"*,1.(&'#&()%&#(14&"&'#'1')B/1,.'7#

l# L*# %&"&4*(,1*# 0&# "*# ,*-'*"10*0# %&)%.*,)14*# T</91).#
I,*-'*"10*0J`D A*# @-&# $-&0&# &410&(,1*%# ,2/.# "*'# 1()&]
%*,,1.(&'#,./$.%)*(#,*/91.'#&(#"*#014&%'10*0#0&#(14&"&'#
'1')B/1,.'#@-&#'&#%&"*,1.(*(7#

l#L*#1/$.'191"10*0#0&#,.(.,&%#).0*'#"*'#,*-'*'#A#&5&,]
).'#@-&#&()%*(#&(#3-&;.#&(#"*#01(</1,*#'1')B/1,*#T</91).#
I*:*%#&#1(0&)&%/1(*,12(J`D#A*#@-&#$-&0&#*A-0*%#*#@-&#&"#
*"-/(*0.#0&',-9%*#@-&#&>1')&(#/S")1$"&'#,*-'*'#A#&5&,]
).'#@-&#&>$"1,*(#"*#01(</1,*#'1')B/1,*#A#@-&#(.#).0.'#'&#
$-&0&(#,.(.,&%7

c) La presentación de los fenómenos como procesos 
orientados en un eje temporal#$-&0&#5*4.%&,&%j

l#L*#,.('10&%*,12(#0&# "+/1)&'#A#&/&%;&(,1*#@-&#$-&0&#
*$*%&,&%#&(#"*#&4."-,12(#0&#-(#'1')&/*#T</91).#I$&%'$&,]
)14*#'1')B/1,*J`D#A*#@-&#"*#$%&41'12(#0&#'1)-*,1.(&'#$.'1]
9"&'#$-&0&#$.(&%#&(#&410&(,1*#"*#&>1')&(,1*#0&#1)1(&%*%1.'#
0&#,*/91.#41*9"&'D#&#1)1(&%*%1.'#@-&#(.#".#'.(7#

l#L*#$%&'&(,1*#0&#"*#%&,-%'1410*0#T</91).#I,*-'*"10*0J`#
A*#@-&#$.(&#&(#&410&(,1*#@-&#$&@-&b*'#,*-'*'#$-&0&(#
,./$.%)*%#;%*(0&'#&5&,).'#*#$*%)1%#0&"#&(,*0&(*/1&().#
0&#$%.,&'.'7#

l#L*#%&"&4*(,1*#0&#"*#&4."-,12(#*-)..%;*(1:*0.%*#0&#".'#
'1')&/*'#T</91).#I,*-'*"10*0J`#A*#@-&#$.(&#&(#&410&(,1*#
".'#$%.,&'.'#,.()1(-.'#@-&#'&#0*(#&(#".'#.%;*(1'/.'#41]
4.'#C*,1&(0.#@-&#'-#&')-01.#,.()&/$"&#&"#,*/91.#,./.#
-(#5*,).%#0&)&%/1(*()&7#

l# L*# '1;(1#,*)1410*0# 0&# "*# C1').%1*# 0&"# '1')&/*# T</91).#
I1%%&4&%'191"10*0J`#*A-0*#*#$.(&%#0&#/*(1#&').#@-&#"*#&4.]
"-,12(#0&#-(#'1')&/*#'&#.%1&()*#&(#&"#)1&/$.#A#$.%#".#)*().#
(.#'2".#(.#'&#$-&0&#4."4&%#*#-(*#'1)-*,12(#*()&%1.%D#'1(.#@-&#
'-#,./$%&('12(#%&@-1&%&#-(*#$&%'$&,)14*#C1')2%1,*7#

V`#!(# %&5&%&(,1*# *# "*# ,"*'&# 0&# $%&;-()*'# $"*()&*0*'# &(#
"*'#,"*'&'#0&#810<,)1,*#0&#"*'#=1&(,1*'#!>$&%1/&()*"&'D#
".'# 0*).'# .9)&(10.'# &(# "*# 1(4&')1;*,12(# (.'# $&%/1)&(#
$%.$.(&%#*";-(*'#.%1&()*,1.(&'#@-&#$-&0&(#5*4.%&,&%#"*#
&4."-,12(#0&# ".'#/.0&".'#0&"#*"-/(*0.#C*,1*#/.0&".'#
,./$"&3.'j

a) El planteamiento de preguntas explicativas#$-&0&#'&%#-(*#
C&%%*/1&()*#$.)&()&D#A*#@-&#"*#&"*9.%*,12(#0&#'-#%&'$-&')*#
,./$.%)*#"*#(&,&'10*0#0&#&')*9"&,&%#%&"*,1.(&'#,*-'*"&'#&(]
)%&#(14&"&'#'1')B/1,.'D#5*4.%&,1&(0.#"*#$%&'&(,1*#0&j

l#L*#$&%'$&,)14*#'1')B/1,*D#@-&#$-&0&#$&%/1)1%#"*#10&()1]
#,*,12(#0&#".'#(14&"&'#/1,%.D#/&'.#A#/*,%.#A#"*'#%&"*,1.]
(&'#0&#1()&%0&$&(0&(,1*#0*0*'#&()%&#&"".'7#

l#L*#,*-'*"10*0D#A*#@-&#$-&0&#$&%/1)1%#"*#,.(,1&(,1*D#$.%#
$*%)&#0&"#*"-/(*0.D#0&#"*'#%&"*,1.(&'#/-")1,*-'*"&'#A#".'#
/-")1&5&,).'#0&%14*0.'#@-&#$-&0&(#)&(&%'&#&(#,-&()*#$*%*#
&>$"1,*%#"*#'1)-*,12(#&(#@-&#'&#&(,-&()%*#-(#'1')&/*7#

l#!"#*:*%#A#"*#1(0&)&%/1(*,12(D#A*#@-&#&"#&')*9"&,1/1&().#
0&#%&"*,1.(&'#,*-'*"&'#$-&0&#$.(&%#&(#&410&(,1*#"*#01#]
,-")*0#0&#,.(.,&%#As.#,.()%."*%# ).0*'# "*'#4*%1*9"&'#@-&#
1()&%41&(&(#&(#&"#&')*0.#0&#-(#'1')&/*#414.7

b) El planteamiento de preguntas descriptivas, especial-
mente las referidas a descripción de procesos,# $-&0&#
,.(')1)-1%#-(#%&,-%'.D#A*#@-&#$.'191"1)*#&()&(0&%#".'#'1']
)&/*'#414.'#,./.#&()10*0&'#01(</1,*'D#5*4.%&,1&(0.#"*#
$%&'&(,1*#0&j

l# L*# $&%'$&,)14*# '1')B/1,*D# A*# @-&# $-&0&# 5*4.%&,&%# "*#
%&#&>12(#&(#).%(.#*#"*'#&')%-,)-%*'#A#".'##-3.'#@-&#'&#0*(#
&(#".'#'1')&/*'#414.'#*'+#,./.#".'#$%.,&'.'#*-)..%;*(1]
:*0.%&'#@-&#$.'191"1)*(#'-#,.()1(-10*0#&(#&"#)1&/$.7#

l#L*#,*-'*"10*0D#A*#@-&#$-&0&#$.(&%#&(#&410&(,1*#".'#9-]
,"&'#%&,-%'14.'#A#%&)%.*,)14.'#0*0.'#&(#".'#'1')&/*'#414.'#
*"#&(,*0&(*%#'&,-&(,1*'#0&#,*-'*'#A#&5&,).'7#

l#!"#*:*%#A#"*#1(0&)&%/1(*,12(D#A*#@-&#$-&0&#*A-0*%#*#&(]
)&(0&%#*"#*"-/(*0.#@-&#&>1')&(#014&%'10*0#0&#1)1(&%*%1.'#
$.'19"&'#&(#"*#410*#0&#-(#.%;*(1'/.7#

l#L*#1%%&4&%'191"10*0D#A*#@-&#)%*9*3*%#$%.,&'.'#,./$.%)*#
'1)-*%".'#&(#-(#&3&#)&/$.%*"#AD#$.%#".#)*().D#$.(&%#&(#&41]
0&(,1*#"*#%&"&4*(,1*#0&"#)1&/$.#&(#&"#/./&().#&(#@-&#'&#
)%*)*(#".'#'1')&/*'#414.'7

c) La presencia de preguntas justi! cativas#'&#,.(41&%)&#
&(#-(#%&,-%'.#/-A#$.)&()&#$-&'#$&%/1)&#@-&#&"#5-)-%.#
$%.5&'.%*0.#0&#&0-,*,12(#$%1/*%1*#C*;*#%&5&%&(,1*#0&#
/*(&%*# ,.()1(-*0*# *"#/.0&".# ,.(,&$)-*"# 0&# '&%# 414.#
$*%*# &"*9.%*%# %&'$-&')*'# *# "*'# ,-&')1.(&'# $"*()&*0*'7#
!')&#*'$&,).#5*4.%&,&#".'#$%.,&'.'#0&#/.0&"1:*,12(D#A*#
@-&#0&#5.%/*#,.()1(-*0*#0&/*(0*#*"#*"-/(*0.#-(*#&>]
$"1,1)*,12(D#(&;.,1*,12(#A#%&&')%-,)-%*,12(#0&#'-#/.0&]
".#/&()*"D#)./*(0.#,./.#$-().#0&#%&5&%&(,1*#*"#/.0&".#
,.(,&$)-*"#0&#'&%#414.7#

8. CONCLUSIONES 

L*#01',-'12(#0&#".'#0*).'#$.(&#&(#&410&(,1*#"*#01')*(,1*#
@-&#&>1')&#&()%&#".'#.93&)14.'#0&"#$%.;%*/*#A#".'#%&'-")*]
0.'#.9)&(10.'7#H&#.9'&%4*#"*#01#,-")*0#0&#,.('&;-1%#@-&#
&"#*"-/(*0.#%&$%&'&()&#*#".'#'&%&'#414.'#0&#5.%/*#,./]
$"&3*D#*-(@-&#'&#.9'&%4*#-(#*4*(,&#'1;(1#,*)14.#C*,1*#"*#
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$&%'$&,)14*# '1')M/1,*7#H&#$-&0&#0&,1%# @-&# &"# $%.;%*/*#
'&#/-&')%*#/<'#'1')B/1,.#@-&#,./$"&3.D#A*#@-&D#*-(@-&#
&')1/-"*#,*/91.'#&(#&"#</91).#I$&%'$&,)14*#'1')B/1,*J, 
/*(1#&')*#1('-#,1&(,1*'#&(#%&"*,12(#,.(#".'#0&#I,*-'*"1]
0*0J, I1%%&4&%'191"10*0J#A#I*:*%#&#1(0&)&%/1(*,12(J. 

!(#%&5&%&(,1*#*#"*'#.%1&()*,1.(&'#010<,)1,*'#".'#%&'-")*0.'#
0&# "*#&4*"-*,12(#$&%/1)&(#.9)&(&%#*";-(*'#.%1&()*,1.(&'#
;&(&%*"&'# @-&# $-&0&(# &(%1@-&,&%# &"# $%.;%*/*# ,.(# "*##]
(*"10*0#0&#5*4.%&,&%#"*#&4."-,12(#0&"#/.0&".#'&%#414.#0&"#
*"-/(*0.#C*,1*#-(#/.0&".#,./$"&3.7#8&#5.%/*#;&(&%*"#
$*%&,&#2$)1/.# )%*9*3*%# '1/-")<(&*/&()&# )*().# "*'# %&$%&]
'&()*,1.(&'#0&"#/.0&".#/&()*"#@-&#&"*9.%*(# ".'# 5-)-%.'#
$%.5&'.%&'#,./.#'-#*$"1,*,12(#&(#"*'#$%.$-&')*'#@-&#%&*]
"1:*(#$*%*#""&4*%#*#,*9.#-(10*0&'#010<,)1,*'D#0*0.#@-&#&"#
*(<"1'1'#/-&')%*#,.C&%&(,1*#&()%&#".'#%&'-")*0.'#.9)&(10.'#
&(#,*0*#-(*#0&#"*'#01/&('1.(&'7

!(#%&5&%&(,1*#*#"*#&4."-,12(#0&"#/.0&".#'&%#414.D#01,C*'#
.%1&()*,1.(&'#'&#,.(,%&)*(#0&#5.%/*#;&(&%*"#&(j#

l# L*# (&,&'10*0# 0&# $%&'&()*%# &(# &"# *-"*# ".'# 5&(2/&(.'#
,./.#'1')&/*'D#)./*(0.#,./.#%&5&%&(,1*#&"#(14&"#/&'.#
&()&(010.#,./.#&"# %&'-")*0.#0&# "*# 1()&%*,,12(#&()%&# "*'#
&',*"*'#/1,%.#A#/*,%.7#

l#6"*()&*%#*"#*"-/(*0.#'1)-*,1.(&'#@-&#0&/*(0&(#1/*;1]
(*%#"*#&4."-,12(#0&#".'#'1')&/*'#414.'#&(#&"#)1&/$.7 

=.(#%&"*,12(#*#"*#$%.$-&')*#0&#$%&;-()*'D#$*%&,&#1()&%&]
'*()&#$.)&(,1*%#*@-&""*'#,-&')1.(&'#@-&#5*4.%&,&(#&"#)%*]
9*3.#0&# "*'#C*91"10*0&'#,.;(1)14.]"1(;r+')1,*'#,&()%*0*'#
&( explicarD#describir procesos A justi! car7

N(*# 4&:# &4*"-*0.# &"# $%.;%*/*# A# 0&#(10*'# *";-(*'#
.%1&()*,1.(&'D#*$*%&,&#"*#(&,&'10*0#0&#,.()1(-*%#1(4&']
)1;*(0.# $*%*# 10&()1#,*%# ".'# .9')<,-".'# @-&# 01#,-")*(#
"*# &4."-,12(# 0&# ".'# /.0&".'# /&()*"&'# 0&"# *"-/(*0.7#
O9')<,-".'# @-&# $-&0&(# 0&%14*%'&# )*().# 0&"# 01'&b.# A#
$-&')*#&(#$%<,)1,*#0&#".'#$%.;%*/*'#,./.#0&#"*#,."1'12(#
@-&#'1;(1#,*#$*%*#&"#*"-/(*0.#&"#&(5%&()*%#'-'#/.0&]
".'#/&()*"&'#,.(#".'#/.0&".'#,.(,&$)-*"&'#,./$"&3.'7#
81,C.#*'$&,).#,./$.%)*%<#0&#(1%#(-&4.'#.93&)14.'#0&#
1(4&')1;*,12(7#

m1(*"/&()&D#$*%&,&# %&"&4*()&#$"*()&*%'&#@-&# "*# 1()%.]
0-,,12(#0&#"*#,./$"&310*0#&(#-(#$%.;%*/*#0&#810<,)1]
,*#0&#"*'#=1&(,1*'#!>$&%1/&()*"&'#4*#/<'#*""<#0&#&')*]
9"&,&%#-(#$%.,&'.#0&#/.0&"1:*,12(7#=./$.%)*#*0&/<'#
-(#$%.,&'.#0&# ,*/91.#0&# %&;"*'# *# "*#C.%*#0&#$&('*%D#
,./-(1,*%# A# *,)-*%# '.9%&# &"#/-(0.7#O$*%&,&# &"# %&).#
0&#%&0&#(1%#".'#/.0&".'#,.(,&$)-*"&'#0&#"*#,1&(,1*#&']
,."*%#&(#5.%/*#0&#'1')&/*'#,./$"&3.'#A#9-',*%#(-&4*'#
C&%%*/1&()*'# /&).0."2;1,*'# @-&# $&%/1)*(# ""&4*%".'#
*"# *-"*D# )*().# &(# "*# 5.%/*,12(# 1(1,1*"# 0&# $%.5&'.%*0.#
,./.#&(#&"#%&').#0&#</91).'#0&#1()&%B'#$*%*#"*#&0-,*]
,12(#,1&()+#,*7

NOTA
 
X7#!')&#*%)+,-".#C*#'10.#&"*9.%*0.#&(#&"#/*%,.#0&"#6%.A&,).#0&#O/91&(]
)*"1:*,12(#0&#"*#/*)&%1*#0&#810<,)1,*#0&#"*'#=1&(,1*'#!>$&%1/&()*"&'#0&#
"*#NOB#A#0&#"*#N0Gj#81*;(2')1,.D#01'&b.#0&#1()&%4&(,1.(&'#A#*(<"1'1'#
0&"#$%.,&'.D##(*(,1*0.#$.%#&"#L=xE#BHO#VWWX]Vc\\]=WV]WX7



INVESTIGACIÓN DIDÁCTICA

416 ENSEÑANZA DE LAS CIENCIAS, 2008, 26(3)

###REFERENCIAS BIBLIOGRÁFICAS

BOtGLD# i7D# HOtLOZEyD# t7D# EOLuHD# =7# A# 6NiOLD# ZL#
TVWWc`7#N(#(-&4.#/*%,.#$*%*#0*%#%&'$-&')*#*#"*'#01(</1,*'#
'.,1*"&'j#&"#$*%*01;/*#0&#"*#,./$"&310*07#Investigación en 
la Escuela,#g^D#$$7#g]X[7

BOtGLD# i7# A# 6NiOLD# Z7L7# T&(# $%&('*`7# !"# $*%*01;/*# 0&# "*#
,./$"&310*0D#-(#/*%,.#0&#%&5&%&(,1*#$*%*#&"#01'&b.#0&#-(#
1(')%-/&().# 0&# &4*"-*,12(# 0&# $%.;%*/*'# &(# "*# 5.%/*,12(#
1(1,1*"#0&#$%.5&'.%*0.7#Enseñanza de las Ciencias.

BOZZ!LLD#!7#A#=eOdOZZGOD#z7#TX[[\`7#L’avaluació inter-
na del centre. B*%,&".(*j#8.''1&%'#Z.'*#H&('*)7

=O6ZOD#m7#TX[[_`7#La trama de la vida, una nueva perspectiva 
de los sistemas vivos. B*%,&".(*j#O(*;%*/*7

=OZZD#f7#A#k!LLGHD#H7# TX[\\`7#Teoría crítica de la ense-
ñanza. B*%,&".(*j#L*%)+(&:#Z.,*7

8!#LGGN!LD#L7#TX[\\`7#6*%*01;/*'#0&#"*#1(4&')1;*,12(#&0-]
,*)14*#&'$*b."*D#&(#8&(0*"-,&D#G7#{,..%07|7#TX[\\`7#Aspectos 
metodológicos de la investigación educativa.#L*0%10j#t*%]
,&*7#$$7#_W]hh7

GOZ=yOD#O7Z7#A#L}6!~D#O7L7# TVWWc`7#=./$"&310*0D# (.# "1]
(&*"10*0# A#810<,)1,*# 0&# "*'# =1&(,1*'7 Investigación en la 
Escuela. g^D#$$#7#g^]_[7

GOZ=yOD#i7!7#TX[[\`7#Hacia una teoría alternativa de los con-
tenidos escolares. H&41""*j#8+*0*7

GOZ=yOD# i7!7# TVWWc`7#L.'# ,.()&(10.'# 0&# "*#!0-,*,12(#O/]
91&()*"j#-(*#%&#&>12(#0&'0&#"*#$&%'$&,)14*#0&#"*#,./$"&31]
0*0, Investigación en la Escuela. g^D#$$7 ^X]gX7

G!LL]LOttD#L7#TX[[g`7#El quark y el jaguar, aventuras en 
lo simple y lo complejo. B*%,&".(*j#E-'@-&)'7

GG!Z!D#Z7t7#TX[[[`7#N(#(-&4.#/*%,.#$*%*#&('&b*%#&"#%*:.(*]
/1&().#,1&()+#,.7#Enseñanza de las Ciencias,#(S/7#!>)%*D#
$$7#_^]hW7

GGL!tOD# i7# TX[\\`7# El currículum: una re" exión sobre la 
práctica7#L*0%10j#L.%*)*7#

GNEGaZZ!~D#Z7# TVWWc`7#L*#/.0&"1:*,12(#A# ".'#$%.,&'.'#0&#
&('&b*(:*#*$%&(01:*3&7#Alambique, cVD#$$7#\]X\7

eOLLOt8D#i7e7#TVWWc`7#El orden oculto, cómo la adaptación 
crea la complejidad7#LB>1,.j#m.(0.#0&#=-")-%*"#!,.(2/1,*7#

GLB!Zt}tD#m7#TVWWX`7#="*4&'#$*%*#-(*#(-&4*#5.%/*,12(#0&"#
$%.5&'.%*0.7#Investigación en la Escuela7#c^D#$$7#gh]__7

G~qNG!Z8OD# L7D# !H6Gt!ED# L7D# GOZ=yOD# L767D# 6NiOLD#
Z7L7#A#HOtLOZEyD#t7# TX[[[`7#=*%*,)&%1:*,12(#A# 5-(0*]
/&()*,12(#0&#"*#,1&(,1*#&',."*%7#Enseñanza de las Ciencias,#
(S/7#!>)%*D#$$7#h[][X

G~qNG!Z8OD#L7D#!H6Gt!ED#L7D#BOtGLD#i7#A#6NiOLD#Z7L7#
TVWWc`7#=1&(,1*#&',."*%#A#,./$"&310*07#Investigación en la 
EscuelaD#g^D#$$7#VX]V[7

iOetHOtD#H7# TVWW^`7#Sistemas emergentes, o qué tienen en 
común hormigas, neuronas, ciudades y software7 LB>1,.#
8mj#E-%(&%D#m.(0.#0&#=-")-%*#!,.(2/1,*7

iOZBOD#i7D#G}L!~D#G7#A#6ZOED#O7#T,..%07`#TX[[\`7#Parlar i escriu-
re per aprendre. B*%,&".(*j#G(')1)-)#0&#=1M(,1&'#0&#"n!0-,*,127

iNtx!tED#L7Y#G!LGD#O7L7Y#OZBOED#!7# TVWW^`7#=*%*,)&%+']
)1,*'#0&# "*#*/91&()*"1:*,12(#,-%%1,-"*%j#L.0&".#O=!HD#&(#
i-(A&()D#L7D#G&"1D#O7L7#A#O%9*)D#!7#TVWW^`7#Ambientaliza-
ción curricular de los estudios superiores, VD#$$#Xg]^VD#G1]
%.(*j#H&%4&1#0&#6-9"1,*,1.('#0&#"*#N(14&%'1)*)#0&#G1%.(*7

kONmmLOtD# H7# TVWW^`7 Investigaciones, complejidad, au-
toorganización y nuevas leyes para una biología general. 
B*%,&".(*j#E-'@-&)'7#

LOZEyt#8!L#6O~OD#Z7#A#6OZLutD#Z7#TX[[[`7#E&(0&(,1*'#
&(#"*#5.%/*,12(#1(1,1*"#0&"#$%.5&'.%*0.#'.9%&#".'#,.()&(10.'#
&',."*%&'7#Revista Interuniversitaria de Formación del Pro-
fesoradoD#^gD#$$7#XXg]XV\7

LOE!OD#O7#A#dG8OLD#L7=7# TX[[h`7#!(5.,*/&()'D#/M).0&'# 1#
K/91)'#0&#"*#1(4&')1;*,12#$'1,.$&0*;P;1,*7#B*%,&".(*j#NO=7

L!LLO8OD#d7#TVWW^`7#=*/91.#010<,)1,.#0&"#$%.5&'.%*0.#0&#
,1&(,1*'#&>$&%1/&()*"&'#A##".'.5+*#0&#"*#,1&(,1*7#Enseñanza 
de las Ciencias, VXT^`D#$$7#^c^]^g\7

6aZ!~#iNHE!HD#Z7 TX[[c`7#G(4&')1;*,12(#&4*"-*)14*D#&(#G*%]
,+*D#d7#T,..%07`7#TX[[c`7#Problemas y métodos de investiga-
ción en la educación personalizada. L*0%10j#Z1*"$7

6OZLutD#Z7#A#ZGd!ZOD#O7# TX[[\`7#El conocimiento de los 
profesores7#H&41""*j#8+*0*7

6ZGGOGGt!D#G7#TX[[h`7#El ! n de las certidumbres. B*%,&".(*j#
E*-%-'7

6NiOLD#Z7L7#TVWW^`7#Didáctica de las ciencias en la educa-
ción primaria. L*0%10j#H+()&'1'7

ZOG!ZD#!# TVWWW`7 Complejidad, elementos para una de! ni-
ción#{&(#"+(1*|#�C))$ssjFFF7,./$"&310*07.%;�7

ZOHHGD# 67e7# A# mZ!!LOtD# e7!7# TX[[^ 7̀ Avaluation, a Systemic 
Aproach,#g�7#&01,12#t&F9-%A#6%*�D#L.(0%&'#A#t.4*#8&"C1D#H*;&7

Hu!~#BZ!L!HD#L7i7#TX[[g`7#Conceptualizando la evaluación 
en España. O",*"<#0&#e&(*%&'j#H&%41,1.#0&#$-9"1,*,1.(&'#0&#
"*#N(14&%'10*0#0&#O",*"<#0&#e&(*%&'7

HOtLOZEyD#t7#TVWWV`7#Didáctica de las ciencias en la educa-
ción secundaria obligatoria. L*0%10j#H+()&'1'7

HeNLLOtD#L7#TX[\_`7#EC.'&#FC.#-(0&%')*(0j#�(.F"&0;&#;%.F)C#
1(#)&*,C1(;7#Educational ResearchD#gXTc`D#$$7#ccg]c[\7

EGOtOD#O7#TX[[h`7#Avaluació de programes, centres i profes-
sors, B*%,&".(*j#NO=7

EeOLHOtD#f7G7#T,..%07`7#TX[\[`7 Gaia, Implicaciones de la 
nueva biología7 B*%,&".(*j#k*1%2'7

dOZ!LOD#m7#TX[\[`7 e*,1&(0.#,*/1(.#*"#*(0*%D &(#EC./'.(D#
fG7#T,..%07`#TX[\[`7 Gaia, Implicaciones de la nueva biolo-
gía. B*%,&".(*j#k*1%2'7

fOG!tHB!ZGD#i7#TVWWg`7#La rebelión de las formas.#B*%,&]
".(*j#E*-%-'7

{O%)+,-".#%&,1910.#&(#3-(1.#0&#VWWh#A#*,&$)*0.#&(#01,1&/9%&#0&#VWWh|



INVESTIGACIÓN DIDÁCTICA

417ENSEÑANZA DE LAS CIENCIAS, 2008, 26(3)

Abstract
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