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to innovation and the Olympic podium than long"term athlete development model. !
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Where’s the Money? Incentives, Coaching, and the Long"term Athlete Development Model!

In an effort to improve its international standing after a dismal 13" place finish at the 1988
Calgary "#3%&'()*+,"-./'$0%'123-0"#4'5..2-"3%"2#'26' 1 3#3TAC) implemented a National
Coaching Certification Program (NCCP) that adopted the long"term athlete development (LTAD)
model as the guiding principle!for coaches in 55 Canadian sport organizations (Canadian Sport
for Life, 2015; Bayli, Way ! Higg, 2013). Subsequently, Canada experienced notable successes
Winter Olympics, particularly an overall 1!""place performance at the 2010 Vancouver Winter
Olympics and 3rd"place at the 2014 Sochi Olympics. Canada successes at the Summer Olympics
were less impressive post 1988 # the best finish was an 11" "place finish in 1992 at Barcelona,
Spain.' Yet, these successes are more the result of an arms race in spending on sport, in which
Canada has taken part I"#"$%#%& '% () Y%o#*+#*,%-! '#5%! &'&#$! & ()"%$!*+,"-$Ydstilt of
adopting the LTAD model (Donnelly, 2009). !

There are "#3%0"#3$%8&"'(')*%$+)", #$+),(,-*)"and development (see Gulbin, Crose, Morley &
Weissensteiner, 2013; COté & Vierimaa, 2014), with the al"#$%"&"(")'#)*$%+,-)*"."!/-'
"I#S%&" () *1$!+,%#!*)-()$.) ability of its supporters to persuade a sport body’s decision
makers that their model will lead to success # scientific support for any particular development
model is simply not available. The question! Ithat | address in this paper concern the dominant
role that the long"term athlete development model plays in Canadian coaching circles!(CAC,
2012). Is such a role warranted? Should the LTAD model be taught and pursued at the expense
of other approaches to coaching? Can the LTAD model with its periods of training and
associated windows of opportunity (discussed below) apply equally to all sports? The discussion
proceeds to answer these questions by first reviewing the mechanisms of talent development,
and then investigating the I"#$%&'()"*+ LTAD!I"#$%&' () *&) ' #$%&H#' (#)' &*$+%,-#% . #. H&'+"#
P'#"$%&H()*(#H+" I"#$%!&'$($#)*+$%!,&

"#$%&'()*&+,#,),&-,.&%/01,$%)&2-%&3456 &/*)% 7 &"#&1%.8*#.%8&2*&2-% &1 %9 (URG/Yo#2 .&*: &2-%
"H#SYHI%E&! )X +(I'$),!-'%. ' #I/-%!,'+  "HPYN"HPY& Yo ($#)*' &#+! X (#P "#(*'#-/O#LB&'+#2'%0) 3)
"#3%&'((%!")#$*&+1%&,'-.-., & #P&(/-0128% &S’ ) &#H*+,-#.&#.%#.*)$/-#0.1)$*$0.%0)#$%o# 234 +#5+ 1 #
more than 50 years; | have been a competitor (winning many intercollegiate and regional
"#$%&'(%0!)*+,-%)1$#.1"$+,."&./,&%0,B(L(S((,-%0,/S((,0-11($(%!,."#YUo B0 &' () Yo#!) *#+%,-.'%

"HB%&' ()F'+,"*-+."1()0", 1" L 1"#$ 1" "1 I"HS%&' (HS) Yo #+"&,)- #IH0&1#&#2!34,54+#6)63$) #1 2#*0l#
"#$%&" ()*%+,#%+,%-,)./"&.$/%+,#% &S+ &0V VERARZRP* +&,-. $/+")$(1+012$1)*"$) 3%

"#$"%"&' (%" &) %&*%+&,-%&*%.//%01%+01 (%+(+2(1*3

1$9%8%6'%()1*+),I-.&.)/1%, 196101 22+3145627.8)YBY%)T B68-+1-.&. )8k <=>1%, 17 @) | A&B+5+)CI*1,!
[+)+1B%2+)19+3+129633+ 116+ *@68@,,1*6!D%),|[E5@8!8@1&,3.+)F
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MHS%& H() (' H+ H &-(Fdr "H#S%HE ()" *1#%+,)-* % . ("/* (+*-%*01"-*"2-" (-*%$*-#'3(3(14H#S
"#$%"%&' ()*+',-"#'1(-$-".")*)"#%.1012-*%'-""#*) 23# #1*[' ) *45'6#%'+1"2* %" "I"#$"#% &
"#'$%&' (%) (*")+(,-(/$*#),"1$0(1.,(%,(%) (23" &.*(,-(,4*(!-%/,(-5("*" 1%/ &6*))/*)) 7 (89-+6*0(:;;<0(
"4 $%&'% () *+%+,- (FHBE&E ' (") %0*+%0) 1% #%-. %#/0 1théeH(Bérature from the perspective

of psychology and biology. "#$%&#' (1#%!")*%!+%!"##$B&!" (""%)"*"(+,$"-1%$+)"(. !

"#$%"&'(")*&'+($+")',-)(.")/')/.012',-)301&)41#" !

More than others, psychologists have studied pathways to the development of sk!""#$%&'$(%")&($

" H#HS%E&'())*& () +, " #5% &' ) & (" +" &, %" (Y0 &+"./."+0+%) &, () L (+2" (#%+".0+3."(453+(&)+("6/%.%7C
"#'$%&' (Yo#t)*+(Yo+, W' HBY0%E&' () *'+,-.)+')0.%P1"#3$%E&'()) *+ ""#$!"#$%Bcsson, "#$%&'(

"HS"%&™( ™ | 1" I"H#S1"06& I"#E&H" (1)*+), &H#S% &S (&#) $#!* Yo+ nbrtdire, with nature

"#$%&' () &"B(#(*%0&)+(+)",-(/#0(%12(3+)*(#(4)#4/%&'(!,+1!,40%5,2(0+#%&% &' (% &(0/,(3)+*()3(6,"%
"#$%E&S' (#)*%+,*- #/",0%%0-#12"%033!4#-*#,'56#7889:#,0<-"),46#=>7? @6#0,4#+-"0!)-#,4(#
"#$%$"&%$™()"*+," ;= # 5% &H#' (| H)*&

IHB00" & (V& H($+)$ - #-") O TS0 & (&) $*Vo+) Yo$H,-'. 96)"1)-. % 01&! 10$29%6(&!"3"1"$*%6!) (196541 ("-%
I"HSY6&! )+, (-.%/("&O&"- *$'. % 1%2*&$(".(00H)2%. 2#. 1. Yo#3 (24855 . 6 LHI P HBYT&Bbr

IS8 BY0" (B)*+,-..[HOSL+ 182 U SISUBHOD HSY6& () (") *"+,)-)* [ HSYo0& & (" # (HYo) *&+"&"+#
I"HSHOOHEH W HSHYES ( HEX) + HYo-*H&) *H1"H#/1$/-*O# OH#Yb (/| 1&$) H$Y0- U6+ OHYbIHS Y600 (240
PRSI HSY&H (1) | (1 (F-H(,,"HH(H (B1+"%' (<, & [ O(&. 1 (—+"%S1'(2 " #$1%6 8+

I"HBO6& (1) ++ - [+ I"HSI"HSV0& (&)H*) +&,-%6.,)#*)./&0+) 1&+*#+23"4&) 1+34.04&5)6 7+04, #")&.)3%8¢
1" HS & HS%6&. ()*&+,-(.,/0),&1/02)(2,3845.6\PRtormance! I"#$%& () * (" #H$%6& (#1)

I"HBY6& H(' (Yo)* (+,"H%( (- + U &S BSYE&

I"H#5%6& (%3) ) SHEB& ) &+,)- ()  I"HSY%"&'(")*&+($+")#S$, B role of innate

M"#$%E' () (*%+,-.%-.)%)/0)1-,2'%23%+),4.-%5'(%.),4.-*%,".)6,-)(%0.5650- )6#8B%0F8% 1
"H#$%I &N () #*+, I SHU& (1B *+SHH HPYHE' ()" : "#$%&%'($)*+,$-+#.(/01()2&$3)*4+'1(+
"H#B1%E&N"#$% &N #IF " #1$%& (B! ) *(+&',(-.'/10%'10$/ ' N"#$%&&'()*+),-./)01T2E$%& () (")*"
I"#$#%&HYEN an “acceptance of the importance of innate determinants of motivation would!
"#$%&'1()$ " *+$'+(*,) HSH& H#SH+'-1-1($'.$.)/-0) +'#) $1+'%0#-%)$'+) $#&) $1+-1%-1'/$%"*2)2$"3$
"#1$%&'()*+$!,-,.) (#!/+01,8&#22' (+!%+)*3U+H5 I"#B!"#!

"#S%& #(&')*" &+" #"+-."S&+"HE&'H-/(A+0HO&" ") &IIH&E")."S&2. #I' ##-+$&2/$&" 3#0+4) #5.%&" (#
"#$%"&'(")* &' ¥ #P%&'(1)$*& (1) +$!$,&('$&-" . $/&!I0&-$+"1$'(18&2'(#!"#$&13&(&-$,"$&!0&4"*&2$',0/(+6
satisfaction, coaching, and so on.!



"#3%&'()*#)+$&", #)-*)./0)1233U8B6%" & ()*(+,-."&/$01&%2"&' (*34.%&*)&,&3".,3"&* (&+*("&*) &
M#B1"%& (()*+,&+)&S!-%).'&-"*()*"/0'& "#PHW&'S!"#()*&+,)#S " #&-(I'$.#%!/(*10+(1&"#&1#
"#$%"&'(")*&'+($+",))-*./00#3$%lso Ericsson et al., "' #$%&"#$%E&'$%P()$*+(*,-./%010(.'2#3*4%

" NHS%E&™M ()**+,1"#$%"&'((&&') %" +H"#$% & @ "hour!!"# "I"#SM"#H" I"#$" "#I$%&"%$'()*+

class expertise in every domain ... requires roughly a decade of committed practice ... from

which no one is exempt! I"#$%&'()**+'(,,- " "I"#H""#S%&'()*%" (+#,-(*.,/"0(%) (%" (1 ("%$2,-($1))-+(
"#$%!1%&' () Yo *Yott+, Yot +1#-* (") % #/*" 01 $#2%, (LGS, training for a particular sport, or

the development of any other skill. All one has to do is consider the age at which people

"#$%"&'S()* "I"#PP%E& (&) $Yo#t+,%P- . *)H*U*&+%/)%$/Y008&#)$1%2$%#%)/-34%3-5,&6%*45$%$-3
"HSUO"HEBS%0& (#'"' %) *(HHS &' (#)*+,#) X (#"Yort!"*-"#*"#* | #IHYo-#HO LA H#2*' #.324*1"#5,-)*BIH*H6T7"#
"#$%& " #S(()*'+!",$%*- . $#). S /SHOSS (" 1$*' 2" (3'4&"(3"'563- 7" (-'I"#$%'#8" (" 1$'9:"*$$'
"#S%&IN#PY " #SFathletes 1" I"#"$%&Y0™ #(SH") (" &+"#,1&-+(-"#E&+#E&H+(."#/01"$#.23 4541 ()']
"#SIH%E' ()" *($%+S(,-, &L S/ ($"//'S,"SO&!LP"#$&',(2.'3945.,) ((%"$*$! &6 7$899'F$D6

"#$%&' () $H*+,$%R#$%&%0' (") +",-%*%. $-/

"#$%"&"" ($#)*+,(-#enes are thought to play little or "#$%&'()*+,(#)", [#%0'#-. (#S(-()/%!*-%"1#
"#3%& ' SH(B)")*+,-B"#3%S$" & N"#S%E&H ) &A(*H+!()(,!-. J#*.-S("HE % &H' (%) (") # Y0 +#,"-."
"#$%&'()$"*")+,$%!)+%"-"./)01,0)('-,0'$)0")0,-'#0)&'2'-"3*'#04)

"#SHY& ' YoH (&) H*+#%,"-,%, "#%.$/+#"%/0%-+12&$E&*3%'4&55'%. $/) 2H HBOO R EVEH) *# S
I"#$%&'()*"+ known as myelin (Fields, 2005, 2008). Glial cells in the central nervous system
function to support and protect neurons, which they do by producing myelin. Neurons in one
region are connected to neurons in another region via neural axons. Unless axons are wrapped
in myelin, they leak information, with the leakage inversely proportional to the degree of
wrapping. “I"#$%&"#(%)#(*+&,-.%/),0%12-+)#%3&44 2% () $#H&+(%05-, /- fHotet-tHaH
unmyelinated axons” (Fields, 2008, p. 58); these signals move faster as the!wrapping of myelin
increases. Certain glial cells known as astrocytes ensure that information from several sources
or stimuli arrive at their destination neurons simultaneously for peak performance. At certain
places along the myelinated axons, there appear un"myelinated breaks referred to as nodes of
Ranvier that relay impulses along the axons. !"#"$%#&'(%)*#+'I&¥bése is strengthened and
volleyed from node to node” (Fields, !""#$%&59). !

Myelin and its purpose were discovered as a result of a new imaging technology, known as
diffusion tensor imaging (DTI). Myelination !"#!$%&' () *(#+&'#(),-*(#)*.#)(/,-(-#.-0-,&%$-*(#
because “skill is insulation that wraps neural circuits and grows according to certain signals”
(Coyle, 2009, p. 73). The importance of myelin (white matter) to performance was documented
in the case of reading, where DTI was used to measure differences in myelin in children (Myers
et al., 2014). It appears that!"#$"%&'("#3$"&")") #()$"*""+),-#*"#+-* *-*)$"/0) 1) 0*'("&"'-2)"
talent one develops), myelin keeps being laid regardless of one’s age, with some eventually



needed to replace that which deteriorates. Importantly, wrappings of myelin are thought to

increase to perhaps age 50, after which losses can be mitigated by continuous stimulus

(including practice). "#$%&' (%) $&*&$&"+(,-&./(01#"(02".&'(%'/(%$(%(3%+$"#(#%$" ($4%"' (154" #(
"#$%$HFEAIN an athlete’s point of view, which activities are better at myelination? Deliberate

practice (DP) is one activity that provides signals that build myelin, but DP is!!"#$"1%&he only

such activity and may not even be the best one.” Myelination occurs with many different types

of activities! and also with psychological stimuli.

"#3%& ("#SHN &' ($)&*+,- %0+ ¢ Ve S %0 &N "#H S &' ($%'&) ' +$&, $+'&)-&', ++-&*'-.,/,&,*1'0-1"
"#$%&'((&$%")*"+(%,-%$&'($%0*$./,.)"-+$0%1!'2%+,-+&32',-%,-&4%!,&52%'/%5$&'6$." ($%0*."+('+$Y¥
"#$%"&'% () *+,-".%&'-/'#(0"+%,+'$&+ 1#(%0o-#/('/2'-3+',/"-'-3%-"+(3%(0+,'1+"2/"$%(0+4'5#/1/6 &'

"#$%E& "% () H&HSY&' H*+#) #'- Yot +*[0#-#], 111 +(, 1 2#3(/ *$#4-'%+#,5#F,16#0,/.%"#78-1-6-9:#
"#$%&'()*+,-."'/(,01(%,23%$#%,"()4565(.005+(7 .#.$2/(8,9(% S (Yo SH# S HIVHBH R E+'S(,$
"#$1%&'()1*+%,"'((1-%./0%1.,)!$1.""%2" *1- %P&./[%0!"#1!-. $!%2-.($#(1%'3% IRLEGHE'-& %" ()"

a young age. Psychological stimuli, the desire ‘to escape the ghetto’, et cetera, interact in
"#$%&'(&)*'+,)*1&-)&-.,.),$%&,)$/)'0&!1!&!. ) )#%$"$&!(2)"+.3!('&!$(4)

"H#S%"&H () ¥+ #-)B(.+/+)"#I'H#0/1L.08HP)* #B() *+%"+#+)#%"#%+20. # FE%0B. (V0)'

"HSYOHE&' ()" +, (*-"JO"H#'+" ) )" (* o+, "#*")+/1/+/"23*4' 2" * % (*'+,."+"25*#'+/ (6 2* % $*+, " [#*
I"#$%$%& #(1$) BBurfis out that “time spent in competition was the most valuable training
activity for developing essential elements of performance (i.e., perceptual/cognitive abilities

and physical fitness” (Baker & Young, 2015, p.147).

"HPY&H($)*+ #*-#P.*I0#(SL*"/#2*/$345667$809-0/:+09"#9$ #-##/$<9=9-#2$6>$*/8$<9=9-#2$4>$
"#S%E&HA " # (%'H) (*+()%E&H)&',-).-'$" %S/ 0)& 1" (-"2#" 13" #A'S6#("2' T " #$HY & '$Y0 (&#)*%o+"),+)+-$*%
"HPYHE' ()14 #&+14)$-'$) *1) . $#"$%/0) 1-1*I'+) 2+ 3+$!")45) *1+ #&+!+)*16.%* ) $-1), I *+#&) $#)7!)

"#$%" &' (") *(+*(,5-. ' %+/(*,+0*(+*&"12+-1*(+*0,'("3"&*1$44$5/#(6*(,"6*7$8, (*"-5+/( &t

types of situations that a person cannot do "#$!#!1%&'#()*+#,"- . *#3$)//)01&*2#3.+%-4.%#
"#SH1%0&S'(&)*)+)%&, *-*#)*.&'10%)123&$*)', 41 +*. & #5)&*' Y%*$&65'$&) *12/)!'25) *#%%&/%' 2/ 7*.5%* %" &
"#PPY%&' Y ()*"#*)*+,"%+)#) (-(*%.)/)+%(01& (%) +%(2%*),&)#)32,!14)#&5)%66%!*,7%)82,$5,&') 16).-%$
"#$$%&' (%) "#*' %+, (-"#$%S&H (') %0#*$'+'$',-%./%#%0,$$,&%1/0%/2%34,5' (#$'/(6%

Deliberate practice can sometimes be too routine, even boring, unless ways can be devised to
engage ‘system 2’ during the practice. Is it possible to devise situations that the athlete cannot
do or "#"$%&#' ()*#+,-.)#!(//(01%)&2#3)#" 1% #4--5#)* )#0"56- ) (HEBE& ' ("#) *$+5 1" #S% &' (#
"HE"HH"S%&' (#")%*+3$%, - pelittpants in unfamiliar "#$%#"&H#$%H#"&' ) *& " #$'+"#H

? Deliberate practice “refers to activities that require cognitive or physical effort, do not lead to
immediate person, social or financial rewards, and are done with the purpose of improving
performance” (Baker & Young, 2015, p.135). See also Ackerman (2014) for an excellent critique
of the concept of deliberate practice and the LTAD model more generally.



deliberate and think about how to respond!"#$%"&%'()*"+(",$',""#$%&!response is usually
needed, and such a response "#$%8!"#$¥%#!"#$%E& " () *+,!$-#+$%-+,$%hds experienced
failure, perhaps more than once. Once an appropriate response has been devised, ‘system 1!!
"#HP%&'(B) (HPHPYHHEHA LS (#)* %S +*))$" - #S. HH Y S WK &/

Of course, coaches could devise situations similar to those one might encounter in competition

and train the athlete to respond. Videos of competitions and training sessions are generally

"#$%E&H ()*+(+,-.&--,/*(1%(-01)0"2,"-()*+(1"$"0,0,/*(/%(1"-BHES% & ) *$&(+,-$.#S+*#-$) B, 1#+3(/$
HBI%&™ () #+#+, &+, &-'(*&"-*-&.-J0&#'&1*2$"* &1 +-3&'4&+, BESHBKDirical evidence, it is
impossible to conclude whether deliberate practice or competition !"#$%&'$()"*"*%$+"#,$"+$
"#$%5%&' () *$+#,(%!'!-".-/0(I' #$% & #Fpreferred approach to prepare athletes. !

The only evidence in favor of competition comes from comparing countries’ spending on sport.
"HSUE (#)*+,*#.%/$&* " #&0)&#"1'S(H#2V8 820 & (Vo) #$'%&'$("#P&) *#&&+) V8PP & [the
podium (Donnelly, 2009). It costs money to train "#3$%"W&$%& "#$'(&)F#P "% & (1(")*+!
"#3%&'("#()*%+$,#+"$%-+"(*&-., $Yd e €l indicates it might cost upwards of $30,000 per
year to develop an elite adolescent hockey player (Baker & Young, 2015, p.136), although elite
adolescent hockey players are more likely to make it into the professional ranks where such
I"#SHY% &N HBY0%0! &' HS%E&' ()*") "' +*,%-) %++.%-)'%&++Hlite athletes in sports that offer no
similar rewards generally incur all"#! I""1#3$%&!"#3$%&tS participating; they might delay
graduation from college or forgo college entirely!!"# "#3$"%&'(")*%+,"-%."//&012%,%(,#**#3%&'%
"#$"%&'()'&*+'1(,%", while running a risk that a sport#nding injury will prevent them from
attaining their sporting goals.!I"#$#%&SH# ES%E&' () *+($(&,--1*"#SY QB SU&' () B (+#™* (#+(
remuneration to athletes in sports that are not already professional. As a consequence!!! I"#$%&'
"#$%&' (1&)#*&+,,)&%'#$#-.'|@Rofessionalized in many countries despite insistence to the
cl"#3%P&' (RASY&H H#" &*#"+%0"#, Yo## " &*#"+%-.*)'%/M, & (-0

I" hypothesis is that a country’s funding of sport, whether from the public purse or from

private donations, or both, is the most powerful factor determining Olympic success. As a

corollary, I"#$W"#S%H# & " H#Yo# &SYoH' ($%)*Yo# "1 $+#%,-$+#,*,."#,)+%0)/%"#&! $#$%-$0$!) (1$+#%1)-$!¥
"#$%&'()*+,"-(./-(,0%%,) (01 (/$'(0*+/1%("$(-+"&%0S2(-#!)--("$) (I"$%&",,) 3(1"&(-+)$3052("$(

315968196 ()&I*+96&* 1= (1/%1012-&) *3/' 14215\ RRIA 64T . %) (14)) 7V'%6!8) 1+/17 1. 9%**!
912('18)1(12()&:1:/*) 71%AT ()/- (%&<*1%541)=+)&1)4.),'()'&/14142! . %**10%&!/41)61")!
I7%6)*.)4.)1>-7%3/1/&)19-.(16%5)&,18-'.%-671*1661&-41%7?)& @AB,BBB!/44-/66C!10!%4)!.%-4'*!
*)2)&/6!+/&'1/66C!*-8%171D) PUIB!/47!14")&4/'1%4/616)?)6!.%69+)' 1'1%4*:



sport and good governance (i.e., lack of corruption, rule of law, etc.).* I"#$#%& W'#!$%&"
"#$%!&'&' (%)% (*+%+,&(,&'&),-! (.&&/' (%$()//,&"0(

"#$%$&'()*$+,-&,)./%)0,($1,%'2,)3%' & 2fd, Performance

A practical approach to developing talent based on the theory that innate abilities have little if

anything to do with elite performance!!"##$#%%&%$'()*$+",,-.-/0$,.%'$%/-$0*10$01&-2$3.-10-.$
"H#S%&H#()*+*,-&!+."(I"&#+/'1%,'-%%! &*'10-1-&-*/2'3(-% %! &*' (I" &#+/"1+*'-A5#+ & 1% &6'/5H#+&/'
"#$%&'$(&!1%)*$%+*1$,-.)*/&00*) 1.%+*2!" *(&2.*&+.%(&34&%0#* , $%0+&+P(.)*/&(-*$*#.%.(&,*1"!,0&5.
I"#$%&&#'()&hportant to a specific sport while weeding out contenders not possessing those

"4#$%&H' (1$196) B HS% & (#15)* (&*$+*,$-+.1$/#01+*23, (,$+3!1#0$44556 7$53%+3,#8+,#$&0$1 & 0#$& 3¢
"#$%"&'(")*&'+($+")S,)-. -1 DO HF)H#S () (#"-( (Gullich, 2014; Baker & Young, 2015),

then an emphasis on recruitment of very young athletes to the exclusion of somewhat older
"#$%&' () * YoHIYHI%E&' (%)) #

"#3%&'(&%$") $(%%) #B)*(+(,$-1),.$)+/&.'$%&PO&+#S(YoS#+(H#S-#01&0/) % 2#$(.$*).#3$) +/&.'$HY'(
"#$H#% &' ()*+$&H#Prelation of the literature and not on statistical evidence per se. One

conclusion that can be tested relates to the importance of deliberate practice versus other

factors, and the idea that it takes some 10,000 hours of deliberate practice to become a wor!" -

"SR "H#IS%E (%) *+', 11-'+)./-'%)*%'0.%12*% 1. - *#*$%'3$.0'#$*4%14!"1+"*-'10#.$%*-%'3*4%.$'1-'%)!"
"#'$%&™ ()*%+*),$"()-*.*$%(/0)1!10(,$*2)1!3*43*56 78" 92% (*,(I*:"(;06<*=>?? @AB*;8068*+%$$%;"I*
157 children in a music program over a period of three years, found that accumulated practice

of a musical instrument explained only “between 9 and 32 percent of the variance in their

scores on the Perform Rehearsed Music measure” ("#$%&'()*+,--.*+ 1" I"#$%&'()*+,-%.'%

"#3$%&$ ) #$$'1%#*$)+,)-* )" N#*0)#)!-/&% & Httitude were found to be more important in
"#$%&'% () *$%++#"#(&# , * Yo (*#-#('./0*1., % &/O* " HBNH" &' ($)* &'+, (

Ackerman (2014) provides examples of elite athletes in a sport who began late and reached the
podium in less than one year. The late Wim Ruska began leaning judo at age 20 and won gold

medals 12 years later in both the 93+ kg and open weight categories at the 1972 Munich

"#$%& (" ##$%&'()*+,-'./012'3&43'.56'7#4859:'/1'159;418<:".$5#2'&/%=58'354;'3&43'6/1">/#2'
"#"SUYHE&' (&#)*+,*+#-./01 2 34HBS% & #' (N #S* Yo +'#,%#-./.. #0%1 2+#%3#42!$,53 /#' () #60")#
training hours in other somewhat related sports were included.

In a study of 10,500 Swedish twins, Mosing, Madison, Pedersen, Kuja-Halkola and Ullé! I"#$%&'

* Economists and political scientists have demonstrated that good governance is crucial to
successful economic development (e.g., see Pendergast et al., 2011) and that this carries over
to sport. For example, if corruption is high in a given country, this implies that less money
designated to support athletes actually gets to them.



discovered that 40 to 70 percent of musicality was substantially inheritable. Indeed, “once all
"H#'$%E& (#)*+(,")"#-%,.#"#$(0 N"#$%&'()*&*(#%+$&%0,,*-(1%&. ($/* (" YoHOHBOHHE () *+&
practice and ability disappeared " in "#$%&"1%()*& "#$&"'+,&'#1&"%-+,$(&. | %E&Y0&#' % (()((
"#H'$%&' () *%+!), ) H)HS% &' (() %"

A more important result from a statistical perspective comes from a meta#nalysis by
Macnamara!"#$%&'()*"$+,"-./$0, ""#$%&'()*+,+(-./*01,(,21++3+4(5677%$(-8,/1-2/,(-34(76#%$7(
"HHH1$%&!()"*$+,&3")'-'y) 'but retained only 88 studies that provided sufficient data linking

practice and performance. Of the 157 effect sizes in these studies, including 60 in the area of

sports of which 28 focused on individual sports, Macnamara et al. (2014) found that delibe!"#$%
"#3$%&S () #&+',(#%(-./%(.+*0(123(.4(%5'(6#"&H#+F' (&+(1"4."-#+$ TEBIH ' H$% ! &hly

19% of the variance in performance was accounted for by deliberate practice,!!"#$%&$'($
"#$%&'()*$I)+",)**)-", () (.$/) ("0$(&$,1)2&$)3"/3*415")5) (&' (1"#$%E&' () & " *+$,-+.#%+"] #0%,0+"
is important, it can only account for a small part of world#lass athlete performance. Certainly, it
"#$%&'(&)*(+,-#*(&-"&'#.$%&,&+"%($&"/&-,$(0-&.%(0-./.1,-."0&,0%&%(2($") +(0-&"0&-3(&0"-."0&
"H#ISH"%&! ($)*((&))$+,&)$-, | SHEDYE&HY #H()" Yo (*'+)™, % (#$%)- ()% (%$".($"%&/%$"+*"0()"%
"#$%&$' () &**(+"&,-(.*/01&$(0'1#*2(&3(#(2!4"%52($4#3$6'2(&0"™'0", %0 (# (R R VE") *+'

formula based on deliberate practice. !

Long-Term Athlete Development Model

"#S%& @ " #P%&! (""%)"*" (+,5" "#S%&' (H#%)H*+" - 1#.- (/O#-| &#LO+H2WHUBIE ) *H#+,,-*#.--+/#
I"#$%&Hamilton, 2004; Bayli et al.I""#$%&'()&*++,&(-./0+-&*1&0'+&2.3+4,5+,0)&.6&0'+&7,80+-&
"#$%&'()*+,-.#%()/ .#.%.).#%)0,1,+.-) &23 % & #(")$*'+($",-",("$'(."-/understandilbeit

difficult for coaches to implement (McKeown Ball, 2013)"In an early paper, Balyi (1990)

discusses the idea of periodization for athlete development, arguing “that long#"#$%&'("##)#3$&
"H#S%&' (%0)* #+(,",-$. X (HIPOHPH A HPY L&Y "#' & &() *! (%) +), ) H#& " - WoHE O & '#P()*+" Y &H#,)
"#H$N%&'(&)*$&+,-.$)&/0.,08102&31!)&4$5610(7&8%$5.,2rbthe, ®&nse used by Bayli refers

to "#$%&'#**+',$*($(-&., #$%&' #**+",$ "#S%&N"#$%& ()years " required "#I"#$%"%&" ("
"#$%E&'()"*B(+,-&. /B "#3%EH () $*#+% (&% UKV &A™ ) #*+%0#) (", 1. (#/S0# 1%-2#% 1#+-/1$1$3#
"#$%&'()*"+,&-./-,&10-1-2&34*5*&64*&#76)8)6+&9*6 &) 9& 7 4#3$.*;&!*5)<;) 7T#"'+H0&=4*&!<) $6 &4*5*&)¢
"#$%&' ()*&#!1$&)+!1$,1&!" &-10&*)1,2&34$&52,4(26&4#*,1 &A1& 7() 1 +5#89&:2617#5& (,$+2!$;

"#S%RHSY01D&' ()*+$,-BHIVEH " "#SU & #!$% &' (#&ytarely on the works of Ericsson,
because this provided the justification for ignoring genetic predisposition and focusing solely on
M"HS%E&BHIWE ("#()*$+,*%-,"*.[*-,(%0,#"$,*1#" &SV & A ILA% & (VR DB #"# I"#$%
"#$%&&'()*+),-./)01123/)45%$%5)4,&)&67&*86*(+-9):":6- #$;*<) 79)=-,<4*-- HSUBI ) %0
"#$%&'($&)*+',+& "#$%E&' (#")$*&+ ) R001; Bayli & Hamilton, 2004) by quoting the Nobel



Laureate Herbert Simon: “It takes 10 years of extensive training to excel in anything.””!

The LTAD model now dominates Canada’s coaching landscape, partly because it presumes that
athletic success is not innate but can be trained. The LTAD training program distinguishes seven
phases of development according to the age and gender of a child: !"#!‘Active Start’ (ages 0 to
6); (2) ‘FUNdamentals’ (ages 6 to 9 for boys, 6 to 8 for girls); (3) ‘Learn to train’, denoted LT (ages
9"12, 8"11); (4) ‘Train to train’ (12"16, 11"15); (5) ‘Train to compete’ (1623, 15"21); (6) ‘Train to
win’ (age 19+ for boys!!"#$%&'$()*$+,*-./0$!"#$12/$3456,78%$()*$-, (8911 Sport for
Life, 2015; CAC, 2012). The phases provide an appealing approach for developing an athlete
from a young age to success on the international stage.!

The LTAD model has recently been the object of severe critique, however (e.g., (Ackerman,
2014; "#3$%&S$'()*+;, Coté & Vierimaa, 2014; Kiely, 2012). Contrary to its claim, the LTAD model
is not based on scientific research and periodization is not a scientific pathway. As Ford et al.
(201!"#$%&'(#%)there is a distinct lack of empirical data to support such a long"term
P#%&8" " &) &' *+(, 1-(. /01-(!

I"HYO& H(B) +(, -8B+, -+. 10+, "SLH#- 24 $3"48&. &(&/+3*(SH/HS* ' S HEH(&6Y0H.-$+/HT$8"9,+3%($*.'$
I"HB06& (") &*HI"HE™ - 1&(0"H#)%0/" 1'2/(" &3 Vott(' (" 1HS Y& HE&Y' ()| (#*) (&+, (- %6&, % & /1008, %&

1" H#B068 V6 (&) (Yo% & +,-. &/01/238$-%&HAISI$68 T&S-159:%"8$'&:%: 7" <&8Y6: $#!"&:-6(18H5&$H(=(&
I"H#$%& ("H#)*(%'+,1-(%)(.&'%(,"), /" $* &0)+&)"/HE*$ " #$™)&/-$-1)I") 25+%) (354)52+-$) 25%3$) +&) ")
I"H#BY6&Y6' (Yo&)* -+ H-) EHBEOE "1 (") I&*+"1) ") Yo #" "1V & OI(',) " 11% 2963, 2")04/) (5)"4#"

I"HEY6& (& HE)H +, (H& -8+ HE&HI)* * (0&+ &+ .$& 123+, + *$&H+"0$485. 'S " ERBEBOL ()

I"HSY0& (1)*$+, 1$1"-06$. H%S$/ 1$&(HOL, #$2S12H$%012 (1#($3(A$+H0' 4-I5$2/ SHO&H (1S (EHL6 1HS2!"
#3068 ()Y XFSI6&!"B(&)*+,-$./0$182-+,-$3 *$AH5, 6$(8)*$,1$, 5#$78-$3*6$5+0)$0#),02$,1$!"#$
I"#$96&'()*+9%, -./0)*1%) (%234+%4+5%6"789%: (:%305(%:;)<) 1) (1 #48% LBETE+,%-.$

I"H$Y0:

I"HSI& S H+S,)- [HISHO-+./124+3$)4$3).5"6$5" 1/$1/$78DBSUBS()#* &) +#,$-. $/)#) Ol &)-#

IHHSY6& (¥ Yo+ (,&+-&+.. +/01%)023&+/&' ()*Vo+(,&+-&O/") ' ANHBY BER)*+&.)*&-%, 1&0123/&(4&

" 1"H$06& &H()*+,-) HIO&HL-+* &O& H2-HI&H 1041 /SH* +H2Yo8H($O/*+*+6H#2-#20IHSIBYo/ &) Y& +#
I"HS1968™ () H#0%6+&, - J0&)H1PF I"H#I$Y6&'()*%+()%6,#+-.96/01 DAGBOBRA(&H() +#, - - (&' —+0*#
U8 & (" &+ $1$-&#, [+$.0)&-, 08" IS "HS)8H H#* +-8&1$02-35.0$0)& &6 150, #&+4,31$&+%624.+-&
I"HB0& ()%, HS'-SH! Yo (H/"H-#.96") I0#-(0H#S Yo (H& 11 206 3HAH-#5) (OV5H#/1"#0Y%6% L. ) (TH#-# -"$) &+1-"#:
USO8 H() SHF+YH IS, - "H JOHO(1)!) L+ (4" 211" H) 30/ A1 &Y & H+ Yot (*+- Yo YoH5--#) %A% 0H#(6
I"HSOHE SV (1H) *&ASH)BI" &IS&, Vott-1. B/(&-"#, SEOHSI(+ 1S ($2#$ #), *1*3HS! ($4567$8"*-"$(--90,$:9,!$

SHSU&()(H Yo ,( 1= S/ -+-(%(- Ol+/1+1/(+*1.1&21- (1S (' (-1$', $1+-(/3/((012&* (4+%56(0
-5/788('9:$:$<=&-(9&*>8:$:$87(*@ (*-ABIAHEHEL (//(,|B=>=/-IDEOIFGDHI9




I"H$06" & ("&)*&+,&(+%-.&' /&) 08H$%&I$1.2&!"3'4."& 56 WiRSBi.&f trainability that cannot
I"HBY08& " HSHYESHIL' (%) ($1*+1)%,-1"%61"H9%.J01%&22$(&*"3%4(')-5H$%! " #%6(77(,-'89

¥ I"HS9%&'%6()* %0+, -../%0"10)2$8%'3('4%521'6)% 7" #8&%0" 78#8&3&196:8%0"1969'&1'%&:6$&10&Y
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I"HB%&E& ()*"$+ *06&-*". % (/0"$(10&' 111, 1*#)$"#234'5, Sl TEL& & #" S BI"#$%&' ()$
I"HB008& S (BH)*H)H)*S, SHS-& )& H 0#"11" ) 21&)3#,$4H)$H) " #. 1S #" #.) SIEWES #
"L HSYRIGON"HS %6 & ()" + - J01'23 1" 11 I"HSOL&E&! H" (V" + 15" "H" () )H)-+$"H.+ /1 $#
I"H$%8& (&)*'$+,
¥ IHSUES (HS) %, BH#, %0,-B (X' S-. 4" --$)OHSI-$'%$. %" &% 1" 25 LU BB Y0 &H () *
I HS0& S ())& +* <) "))+ &) [0S L1-)S(+HS () *#) 2*/'3114$'()"0-) &' 2-#14%$' () 51#$1%1-)
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