
Randomisation  S1 

!"#$%&'(")%#*+,-./0,*1*

2.")()-(*3,4"0.&,#.**
5/-67"#$*8#'9,0('.:*

;,<*=,"7"#$*

Supported by 
 TLRI Grant 

Randomisation  S2 

>  !"#$%#&'%$"'%("#)('*%+,%-&#./)0%#%%

123%(#&-4%

>  5)%67%-&#.*8%"+.%9#):%123%%

(#&-*%-+%.'%';<'($%$+%0'$4%

>  =#)%.'%>'%('&$#/)%$"#$%.'%./??%%
0'$%@%123%(#&-*4%

>  5,%.'%&'<'#$'-%$"/*%';<'&/9')$%+A'&%

#)-%+A'&%!"#$%&%'&"(%)&*+8%."#$%.+B?-%%
$"'%<#C'&)D,"-#("./012%
+,%&'*B?$*%%

?++E%?/E'4%

>  5*%$"/*%#%,#/&%<#(E4   

p = 0.5 

5 

No! 

  Red   Black 
! 
 ! 
 ! 
 ! 
 ! 
 !  
 ! 
 ! 
 ! 
 ! 

! 

(fair pack) 

5 10  0 6 7 8 9 1 2 3 4 

Randomisation  S3 

!"#$%&"'($)*+,-$-(*$.((.-/$

1. 2?,*?"(*@0/(?,$*?,0*.,,.?A*

BA *C?,*.%%.?@0/(?*'(*$0:A*

DA **EF*(?,*?"$**@0/(?,$*?,0*.,,.?G*
*.?,#$.-(0.11.-)*+,-0",0#*2*
*<%/7$*@,*-"3-&2$+4&"5(&26*

HA *C?,0,F%0,G*'.I(*"*F"'07:*("F,*@,.**
*****(?,*?"(*#%.*@0/(?,$*?,0**
*****.,,.?A*

* *E*?"9,*,9'$,#-,*.?".*(?,*?"(**
*#%.*@0/(?,$*?,0*.,,.?A*

1A J%0&/7".,*(.".,&,#.*.%*.,(.A*

BA 3"."*K'#F%0&")%#*".*?"#$LA*

DA M%#('$,0*1A*"#$*.?,*$"."N*
78$96$",$.*+(:$.-(4$;-<.$<*($.-($
'-<4'(,$18$3(=43$#<.<$&"5($
.-<.$"4$>6/$

HA !,9',<*.?,*(.".,&,#.*'#*1A*'#*
7'O?.*%F*DA*.%O,.?,0*<'.?*.?,*
$"."*'#*BA   

Randomisation  S4 

!"#$%&"'($)*+,-$-(*$.((.-$?>@/$

1. 2?,*?"(*@0/(?,$*?,0*.,,.?A*

BA *C?,*.%%.?@0/(?*'(*<,.A*

DA **EF*(?,*?"$*@0/(?,$*?,0*.,,.?G*
*.-(4$.-(0.11.-)*+,-0",0;(.*
*<%/7$**ABC$@,$,+*D*","43A**

HA **C?,0,F%0,G*(?,*-%/7$*?"9,*
*@0/(?,$*?,0*.,,.?A*

* **

*E*?"9,*#%*,9'$,#-,*.?".*(?,*
*?"(*;PC*@0/(?,$*?,0*.,,.?A*

1A J%0&/7".,*(.".,&,#.*.%*.,(.A*

BA 3"."*K'#F%0&")%#*".*?"#$LA*

DA M%#('$,0*1A*"#$*.?,*$"."N*
78$96$",$.*+(:$.-(4$;-<.$<*($.-($
'-<4'(,$18$3(=43$#<.<$&"5($
.-<.$"4$>6/$

HA !,9',<*.?,*(.".,&,#.*'#*1A*'#*
7'O?.*%F*DA*.%O,.?,0*<'.?*.?,*
$"."*'#*BA   

***********************************B*$,-($
'1+&#$-<E($F+,.$*+4$.-($
)*+,-$+4#(*$.-($.<D6$



Randomisation  S5 

G<,$".$<$8<"*$D<'5$18$'<*#,/$

1.**C?,*4"-6*%F*-"0$(*'(*F"'0A*

BA**1Q*@7"-6*-"0$(*%/.*%F*1Q**
******$0"<(A*

DA**EF*.?,*4"-6*%F*-"0$(*<,0,*F"'0G***
*.?,#*9H0)&<'50'<*#,01+.01809H0$

$$$$#*<;,$<%/7$*@,*-"3-&2$+4&"5(&2$*

HA**C?,0,F%0,G*'.I(*"*F"'07:*("F,*@,.**
******.?".*.?,*4"-6*%F*-"0$(*'(*#%.**
******F"'0A*
*****R,*?"9,*,9'$,#-,*.?".*.?,**
*****4"-6*%F*-"0$(*'(*#%.*F"'0A*

1A J%0&/7".,*(.".,&,#.*.%*.,(.A*

BA 3"."*K'#F%0&")%#*%#*?"#$LA*

DA M%#('$,0*1A*"#$*.?,*$"."N*
78$96$",$.*+(:$.-(4$;-<.$<*($.-($
'-<4'(,$18$3(=43$#<.<$&"5($
.-<.$"4$>6/$

HA !,9',<*.?,*(.".,&,#.*'#*1A*'#*
7'O?.*%F*DA*.%O,.?,0*<'.?*.?,*
$"."*'#*BA*

Randomisation  S6 

C?,*R"76'#O*S"@',(*TU4,0'&,#.*

C0,".&,#.* 5O,*K&%#.?(L***
TU,0-'(,** V* VAW* VAXW* 1Q** 11*
M%#.0%7* 1DABW* 11AW* 1B* 1DAW* 11AW*

3%,(*"*(4,-'"7*,U,0-'(,*40%O0"&&,*7%<,0*
<"76'#O*"O,Y*
Z?'77'4*!A*=,7"[%G*;"#-:*5##*=,7"[%G*\*2"0"?*]%7@G*^R"76'#O*'#*.?,*;,<@%0#_*
I'"(4'(G*`%7A*1Xa*K1VXBLG*44D1HbD1W**
1Q*&"7,*'#F"#.(*K\*4"0,#.(L*<,0,**<4#1J&2$<,,"34(#*.%*
%#,*%F*.<%*.0,".&,#.*O0%/4(A*

J'0(.*<"76,$*<'.?%/.*(/44%0.N*

Randomisation  S7 

C?,*R"76'#O*S"@',(*TU4,0'&,#.*

   Age (months) 
9 11 12 10 13 14 

Does it appear that these 
data provide evidence that 
the treatment is effective? 
Yes. 

Randomisation  S8 

?++E/)0%$"&+B0"%#%./)-+.%./$"%&/<<?'*%/)%$"'%0?#**%

“What I see … 
 is not quite the way it really is” 

F++E/)0%#$%$"'%.+&?-%/-"23%,&#&%/*%?/E'%



Randomisation  S9 

C?,*R"76'#O*S"@',(*TU4,0'&,#.*

   Age (months) 
9 11 12 10 13 14 

Is it possible that these 
babies’ walking ages have 
nothing to do with whether 
they undertook the 
exercises or not, . . . 

Randomisation  S10 

C?,*R"76'#O*S"@',(*TU4,0'&,#.*

   Age (months) 
9 11 12 10 13 14 

 . . . i.e., it doesn’t matter 
which group they were 
randomly assigned to, they 
would still have the same 
walking age, . . .  

Randomisation  S11 

C?,*R"76'#O*S"@',(*TU4,0'&,#.*

   Age (months) 
9 11 12 10 13 14 

. . . and so the observed 
difference pattern is purely 
and simply the result of the 
luck-of-the-draw as to which 
babies just happened by 
chance to be assigned to 
which group and nothing else? 

Yes. 
Under this scenario 
we say: “Chance is 
acting alone”. 

Randomisation  S12 

C?,*R"76'#O*S"@',(*TU4,0'&,#.*

Z%(('@7,*,U47"#")%#N*
P#,$D1,,")&(*,U47"#")%#*F%0*.?,*%@(,09,$*$'c,0,#-,*
@,.<,,#*.?,(,*.<%*O0%/4(N*

***************************************************K.?,*,U,0-'(,*?"(*#%*,c,-.L*Chance is acting alone 



Randomisation  S13 

C?,*R"76'#O*S"@',(*TU4,0'&,#.*

E(*.?,*4*$&2*5%&61257%,U47"#")%#*('&47:*21#%)6&/-".658%
•  R%/7$*%/0*1.-5(95,%,":5(52*5%@,*/26"+56;%<?,#*-?"#-,*
'(*"-)#O*"7%#,Y**
•  K1;$$%*<,*$,.,0&'#,*<?,.?,0*"#*%@(,09,$*
$'c,0,#-,*'(*+4&"5(&2$<?,#*-?"#-,*'(*"-)#O*"7%#,Y*
<2-!5(=*2,,*<?".I( likely%"#$*<?".I(*unlikely%;-(4$
'-<4'($",$<'L43$<&14(6$

Z%(('@7,*,U47"#")%#N*
P#,$D1,,")&(*,U47"#")%#*F%0*.?,*%@(,09,$*$'c,0,#-,*
@,.<,,#*.?,(,*.<%*O0%/4(N*

***************************************************K.?,*,U,0-'(,*?"(*#%*,c,-.L*Chance is acting alone 

Randomisation  S14 

**!,b0"#$%&'(")%#*$'(.0'@/)%#*%F*$'c,0,#-,(*
*************************K/#$,0*'-<4'($<&14(L*

E(*'-<4'($<&14($
7'6,7:*.%*O,#,0".,*
$'c,0,#-,(*"(*@'O*
"(*1+*$#"M(*(4'(Y*

Tail proportion: 
roughly 3%  

Randomisation  S16 

C?,*R"76'#O*S"@',(*
TU4,0'&,#.*

Z%(('@7,*,U47"#")%#N*
B4($D1,,")&(*,U47"#")%#*F%0*.?,*%@(,09,$*
$'c,0,#-,*@,.<,,#*.?,(,*.<%*O0%/4(N*
M?"#-,*'(*"-)#O*"7%#,*K.?,*,U,0-'(,*?"(*#%*,c,-.L*

P/0*."'7*40%4%0)%#*%F*0%/O?7:*Dd*&,"#(N**

•  N1+3-&2$30 times 1+.0180<09HHH$LJ(,$;($3(.$<$
J(#"<4$#"M(*(4'($18$>6>O$J14.-,$1*$J1*(:$;-(4$'-<4'($
",$<'L43$<&14(6$$

•  P4#(*$'-<4'($<&14(:$".$;1+&#$)($$$$$$highly unlikely    
.1$3(.$<$$#"M(*(4'($(Q+<&$.1$1*$)"33(*$.-<4$1+*$1),(*E(#$$
#"M(*(4'($18$>6>O$J14.-,. 

%4$1),(*E(#$#"M(*(4'($18$>6>O$J14.-,$
1*$3*(<.(*$",$-"3-&2$+4&"5(&2$;-(4$
'-<4'($",$<'L43$<&14($6$6$6   
.-(*(81*(:$".$D*1)<)&2$",4R.6$ 
It’s a fairly safe bet chance is not 
acting alone. 



Randomisation  S17 

C?,*R"76'#O*S"@',(*
TU4,0'&,#.*

•  R,*-"#*rule out S'-<4'($",$<'L43$<&14(R*"(*"*plausible$
,U47"#")%#*F%0*.?,*$'c,0,#-,*@,.<,,#*.?,*.<%*O0%/4(A*

•  G($-<E($(E"#(4'($against$S'-<4'($",$<'L43$<&14(R$

•  G($-<E($(E"#(4'($.-<.$chance is not acting alone 

Z%(('@7,*,U47"#")%#N*
P#,$D1,,")&(*,U47"#")%#*F%0*.?,*%@(,09,$*$'c,0,#-,*
@,.<,,#*.?,(,*.<%*O0%/4(N*
M?"#-,*'(*"-)#O*"7%#,*K.?,*,U,0-'(,*?"(*#%*,c,-.L*

Randomisation  S18 

R?,#*.?,*."'7*40%4%0)%#*'(*7,((*.?"#*1QdN*

•  .-($1),(*E(#$#"M(*(4'($;1+&#$)($+4&"5(&2$;-(4$
'-<4'($",$<'L43$<&14($6$6$6$.-(*(81*(:$".R,$<$8<"*&2$,<8($
)(.$'-<4'($",$41.$<'L43$<&14(6$

•  ;($-<E($(E"#(4'($<3<"4,.$S'-<4'(0",0<'L430<&14(R$
•  ;($-<E($(E"#(4'($.-<.$'-<4'($",$41.$<'L43$<&14($

GB/-'?/)'*%,+&%#**'**/)0%

%H="#)('%#?+)'I%

Randomisation  S19 

C?,*R"76'#O*S"@',(*
TU4,0'&,#.*

•  R,*-"#*rule out S'-<4'($",$<'L43$<&14(R*"(*"*plausible$
,U47"#")%#*F%0*.?,*$'c,0,#-,*@,.<,,#*.?,*.<%*O0%/4(A*

•  G($-<E($(E"#(4'($against$S'-<4'($",$<'L43$<&14(R$

•  G($-<E($(E"#(4'($.-<.$chance is not acting alone 

Z%(('@7,*,U47"#")%#N*
P#,$D1,,")&(*,U47"#")%#*F%0*.?,*%@(,09,$*$'c,0,#-,*
@,.<,,#*.?,(,*.<%*O0%/4(N*
M?"#-,*'(*"-)#O*"7%#,*K.?,*,U,0-'(,*?"(*#%*,c,-.L*

EF*-?"#-,*'(*21#*"-)#O*"7%#,G*.?,#*!$&#%56-5%
'(*"7(%*"-)#O*.%*?,74*40%$/-,*.?,*%@(,09,$*
$'c,0,#-,Y*

N(J(J)(*T$$
!"#$%&*"(('O#&,#.*.%*B*O0%/4(*\*,"-?*O0%/4*0,-,'9,(**
$'c,0,#.*.0,".&,#.A*

Randomisation  S20 

M%#-7/('%#N*
S,-"/(,*.?,*&"7,*'#F"#.(*K\*4"0,#.(L*<,0,*
randomly assigned .%*.?,*O0%/4(G*<,*&":*claim*
.?".*.?,**exercise was effective**'#*7%<,0'#O*
.?,*<"76'#O*"O,A*

S,-"/(,*.?,(,*(/@e,-.(*'#*.?'(*,U4,0'&,#.*<,0,*
9%7/#.,,0(*Knot randomly selectedLG*.?,#*<,*
<%/7$*#,,$*.%*-%#('$,0*-"0,F/77:*"(*.%*<?'-?*<'$,0*
O0%/4K(L*.?'(*-%#-7/('%#*&":*"447:A*

C?,*R"76'#O*S"@',(*
TU4,0'&,#.*



Randomisation  S21 

%$*<4#1J$,<JD&($",$
,(&('.(#$8*1J$14($
D1D+&<L14U$+4".,$
<*($.-(4$*<4#1J&2$
<,,"34(#$.1$#"M(*(4.$
.*(<.J(4.$3*1+D,6$

N<4#1J$,<JD&(,$
<*($,(&('.(#$8*1J$
(V",L43$#",L4'.$
D1D+&<L14,6$

%$3*1+D$18$,.+#2$
+4".,$",$81+4#U$+4".,$
<*($.-(4$*<4#1J&2$
<,,"34(#$.1$
.*(<.J(4.$3*1+D,6$

W1&&('L14$18$
<E<"&<)&($+4".,$8*1J$
#",L4'.$3*1+D,$<*($
(V<J"4(#6$

E#F,0,#-,(*.%*.?,*
4%4/7")%#(*-"#*

@,*$0"<#*

M"/("7*'#F,0,#-,(*
-"#*@,*$0"<#*

J??+(#K+)%+,%L)/$*%$+%G&+B<*%

1#)-+9 J**/0)9')$% M+$%1#)-+9%J**/0)9')$%

N
'
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+
)
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)
/$
*
%
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A
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do

m
 

C-($I.<L,L'<&$I&(+.-*
J0,$*+A*!"&(,:*"#$*3"#',7*RA*2-?"F,0*

X
X

X

Randomisation  S22 

%$*<4#1J$,<JD&($",$
,(&('.(#$8*1J$14($
D1D+&<L14U$+4".,$
<*($.-(4$*<4#1J&2$
<,,"34(#$.1$#"M(*(4.$
.*(<.J(4.$3*1+D,6$

N<4#1J$,<JD&(,$
<*($,(&('.(#$8*1J$
(V",L43$#",L4'.$
D1D+&<L14,6$

%$3*1+D$18$,.+#2$
+4".,$",$81+4#U$+4".,$
<*($.-(4$*<4#1J&2$
<,,"34(#$.1$
.*(<.J(4.$3*1+D,6$

W1&&('L14$18$
<E<"&<)&($+4".,$8*1J$
#",L4'.$3*1+D,$<*($
(V<J"4(#6$

E#F,0,#-,(*.%*.?,*
4%4/7")%#(*-"#*

@,*$0"<#*

=#B*#?%/),'&')('*%

(#)%>'%-&#.)%

J??+(#K+)%+,%L)/$*%$+%G&+B<*%

1#)-+9 J**/0)9')$% M+$%1#)-+9%J**/0)9')$%

N
'
?'
(
K
+
)
%+
,%
L
)
/$
*
%
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m
 

C-($I.<L,L'<&$I&(+.-*
J0,$*+A*!"&(,:*"#$*3"#',7*RA*2-?"F,0*

X
X

X

=#B*#?%/),'&')('*%

(#)%>'%-&#.)%

Randomisation  S23 

!"#$%&"'($)*+,-$-(*$.((.-Y*

1A***2?,*?"(*@0/(?,$*?,0*.,,.?A*

BA***C?,*.%%.?@0/(?*'(*$0:A*

DA*** If she had brushed her 
 teeth, then .-(0.11.-)*+,-0
$",0#*2*<%/7$*@,*-"3-&2$
$+4&"5(&2A*

HA *C?,0,F%0,G*'.I(*"*F"'07:*("F,****
*******@,.*(?,*?"(*#%.*@0/(?,$*?,0**
*******.,,.?A**
******E*?"9,*,9'$,#-,*.?".*(?,*?"(**
******#%.*@0/(?,$*?,0*.,,.?A*

2.,4( **

1A 2.".,&,#.*.%*.,(.A*

BA M%77,-.*$"."*K'#F%0&")%#LA*

DA M%#('$,0*1A*"#$*.?,*$"."N*
78$96$",$.*+(:$.-(4$;-<.$<*($.-($
'-<4'(,$18$3(=43$#<.<$&"5($
.-<.$"4$>6/$

HA !,9',<*.?,*(.".,&,#.*'#*1A*'#*
7'O?.*%F*DA*.%O,.?,0*<'.?*.?,*
$"."*'#*BA **

Randomisation  S24 

7,$.-($(V(*'",($D*13*<JJ($(M('LE(/
2.,4( **

1A  2.".,&,#.*.%*.,(.A*

BA  M%77,-.*$"."A **

DA  M%#('$,0*1A*"#$*.?,*$"."N*
78$96$",$.*+(:$.-(4$;-<.$<*($.-($
'-<4'(,$18$3(=43$#<.<$&"5($
.-<.$"4$>6$1*$J1*(/$

HA  !,9',<*.?,*(.".,&,#.*'#*1A*'#*
7'O?.*%F*DA*.%O,.?,0*<'.?*.?,*
$"."*'#*BA*

1A**Chance is acting alone. 
    KC?,*,U,0-'(,*?"(*#%*,c,-.AL**

2.  Diff between medians  
 = 2.25 mths.*

DA  5*$'c,0,#-,*%F*2.25 months  
or more is highly unlikely 
<?,#*-?"#-,*'(*"-)#O*"7%#,A*
*****KC"'7*40%4*f*0%/O?7:*DdL*

aA  C?,0,F%0,G*'.I(*"*F"'07:*("F,*@,.*
-?"#-,*'(*not acting alone. R,*
?"9,*,9'$,#-,*"O"'#(.*
g-?"#-,*'(*acting alone’. 



Randomisation  S25 

2.,4( **

1A  2.".,&,#.*.%*.,(.A*

BA  M%77,-.*$"."A **

DA  M%#('$,0*1A*"#$*.?,*$"."N*
78$96$",$.*+(:$.-(4$;-<.$<*($.-($
'-<4'(,$18$3(=43$#<.<$&"5($
.-<.$"4$>6$1*$J1*(/$

HA  !,9',<*.?,*(.".,&,#.*'#*1A*'#*
7'O?.*%F*DA*.%O,.?,0*<'.?*.?,*
$"."*'#*BA*

1A**M?"#-,*'(*"-)#O*"7%#,A**
******KC?,*,U,0-'(,*?"(*#%*,c,-.AL**

BA**h,$'"#*$'c*f*BABW*&.?(A*

DA**5*&,$'"#*$'c*%F*BABW*&.?(*%0**
*****&%0,*'(*?'O?7:*/#7'6,7:*;-(4$$
$$$$$'-<4'($",$<'L43$<&14(6*

HA**C?,0,F%0,G*'.I(*"*F"'07:*("F,*@,.$
$$$$$$-?"#-,$'($41.$"-)#O*"7%#,A*
*****R,*?"9,*(E"#(4'(**"O"'#(.***
******-?"#-,*'(*"-)#O*"7%#,A*

7,$.-($(V(*'",($D*13*<JJ($(M('LE(/

Randomisation  S26 

C?,*R"76'#O*S"@',(*TU4,0'&,#.*

Treatment Age (months)   
TU,0-'(,** 9 9.5 9.75 10  13 9.5 
M%#.0%7* 13.25 11.5 12 13.5 11.5 

3%,(*"*(4,-'"7*,U,0-'(,*40%O0"&&,*7%<,0*
<"76'#O*"O,Y*
Z?'77'4*!A*=,7"[%G*;"#-:*5##*=,7"[%G*\*2"0"?*]%7@G*^R"76'#O*'#*.?,*;,<@%0#_*
I'"(4'(G*`%7A*1Xa*K1VXBLG*44D1HbD1W**

11*&"7,*'#F"#.(*K\*4"0,#.(L**<4#1J&2$<,,"34(#*.%*%#,*
%F*.<%*.0,".&,#.*O0%/4(A*

J'0(.*<"76,$*<'.?%/.*(/44%0.N*

Randomisation  S27 

C?,*R"76'#O*S"@',(*TU4,0'&,#.*

Randomisation  S28 

3/*(?#/9'&O%P#$'&/#?*%B)-'&%%-'A'?+<9')$%

>  2%i<"0,*K/#$,0*$,9,7%4&,#.L*"9"'7"@7,*F%0*ZM(*
F0%&*';='O?.*<,@('.,N*
<<<A(.".A"/-67"#$A"-A#[jk<'7$j';='O?.*

>  Z%<,0Z%'#.*(7'$,(*"9"'7"@7,*".N*
<<<A-,#(/(".(-?%%7A%0OA#[**

> Cl5;]*mP8*
>  2/44%0.,$*'#*4"0.*@:*"*O0"#.*F0%&*.?,*C,"-?'#O*"#$*+,"0#'#O*!,(,"0-?*E#')")9,*


