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A#++!:&-%#-1,!%&!*,!.,+#5,2,.!)$!+&-0!)$!.,>)-.!'&2!*&%8!:&12$,$!:&-%#-1,$!%&!,E#$%D!(8, !:&-:,<%!&'!)!
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,$$,-%#)+!%8)%!%8#$!A)$!'&2>)++9!,5)+1)%,.D!(8,! 2,$,)2:8! <2,$,-%,.!#-!78)<%,2!3V!)-.!%8,!.#$:1$$#&-!#-!

78)<%,2!6V!A#++!.,$:2#*,!%8, !<2&:,$$!&'!%8,!<#+&%#-0V!,5)+1)%#&-V!#><2&5,>,-%V!)-.!2, Q,5)+1)%#&-!&'!%8,!

, Q4";!:&12$,!#-!02,)%,2!.,%)#+D!



! %$!

)6-72/3!J9!!,>0A?16/=! N/1/-346 !

!

P-!%8#$!:8)<%,2V!P!A#++!<2,$,-%!)!-)22)%#5,!$1>>)29!&'!%8,! '#5,!<1*+#:)%#&-$!%8)%!:&><2#$,!%8,!<2#>)29!

<&2%'&+#&V!)+&-0!A#%8!)! .,$:2#<%#&-!&'!%8,#2!$%2,-0%8$!)-.!A,)@-,$$,$D!(8,!FRCR!P"7cM!IP( !<2&:,$$!

:&-:+1.,.!%8)%!e)-9!>,%8&.!&'!<2, Q:&12$,!<2,<)2)%#&-!%8)%!#$!)#>,.!)%!#><2&5#-0!@-&A+,.0,!)-.!$@#++$!

&2!2,.1:#-0!#-$%21:%&2Q%&Q+,)2-,2!'):, Q%&Q'):,!%#>,!$8&1+.!*,!'&2>)++9!)$$,$$,.!%&!,-$12,!,h1#5)+,-%!&2!

#><2&5,.! +,)2-#-0! &1%:&>,$! :&><) 2,.! A#%8! $%)-.)2.! #-$%21:%&2Q+,.! :&12$,$f! \;&)2! ,%! )+DV! FRCRV! <D!

,FBB D̂!(8,! '&++&A#-0!<)<,2$ V!%8)%!)2,!<2,$,-%,.!#-!%8#$!2,$,)2:8! <&2%'&+#&V!)2,!%8,2,'&2,!&'!#><&2%)-:,!

)$!%8,9!)..2,$$!%8)%!-,,.! '&2! '&2>)+!)$$,$$>,-% !)$!A,++!)$!<2&5#-0!)!<&$#%#5,!)$$&:#)%#&-!*,%A,,-!

:&12$,!<)2%#:#<)%#&-!)-.!<)%#,-%!$125#5)+D!!

,-7/3!89 !"&:@,9V!4DV!"#-V!TDV!i!78,-0 V!4D!\FRCB^D!P><):%!&'!).1+%!).5)-:,.!:)2.#):!+#',!$1<<&2%!:&12$,!
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!

,-7/3!C9 !N,2@#-$V!ZD!UDV!]#>)-# V!ND!] DV!J1++&:@V!PDV!7+1%%&-QJ2&:@V!( DV!U)5#,$V!MD!NDV!Z)+,V!S DV!")> V!TDV!

"&:@,9V!4DV!i! ;%)++)2.V![ D!\FRCFD̂!P><2&5#-0!%8,!,''#:#,-:9!&'!).5)-:,.!+#',!$1<<&2%!%2)#-#-0D!A..'64%,D%

T.21+.'6%01/9(9.1!C6?KCLQFB!

!
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!
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!
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! "#!

!"#$%&'&()&"&)*)+$,"+(-&%$.($/&"01&,$+"2"0"3*)()&4)(05&6789:&,$+;<1<3<5*& =>-;?0$,"00@&AB'C@&#D&

'E&<F& $(5;+& <G)$%."+(<0"3& )+41($)&=H<-I$*@& H(0@& J& K;$05@& AB'L@& #D& MLED&N;$& %$.($/& /")& #3"00$1@&

-<014-+$1&"01&%$#<%+$1&(0&"1;$%$0-$&/(+;&!7O>P8&)+"01"%1)&<F&Q4"3(+*&F<%&%$#<%+(05&,$+"2"0"3*)$)&

"01&/")&%$5()+$%$1&/(+;&!%<)#$%<&<0&'R&S<.$,G$%&AB'R&=%$5()+%"+(<0&04,G$%&K79MAB'RBL'TTRED&P*&

-<0+%(G4+(<0& +<& +;()& #"#$%& (0-341$1& -<0-$#+(<0& "01& 1$)(50@& "0"3*)()& "01& (0+$%#%$+"+(<0& <F& +;$& 1"+"@&

1%"F+(05&<F&+;$&"%+(-3$@&"01&F(0"3&"##%<."3&<F&+;$&"%+(-3$D&N;$&)*)+$,"+(-&%$.($/& "11%$))$1&"&)#$-(F(-&

%$)$"%-;&Q4$)+(<0&"--<%1(05&+<&+;$&!OKU&=! <#43"+(<0@&"0+$%.$0+(<0@&# <0+%<3@&$ 4+-<,$)E &F<%,"+D&N;$&

Q4$)+(<0&")I$1&/")V&O0&"143+&#"+($0+)&/;<&;".$&"&-"%1("-&"%%$)+&=!E@&1<$)&#%(<%&#"%+(-(#"+(<0&<F&<0$@&<%&

,<%$@&,$,G$%)&<F&+;$&%$)4)-(+"+(<0&+$",&(0&"0&"--%$1(+$1&"1."0-$1&3(F$&)4##<%+&-<4%)$&=OE&")&<##<)$1&

+<&0<&)4-;&#"%+(-(#"+(<0&=KE&"FF$-+&+;$&F<33</(05&#"+($0+&<4+-<,$)&W&%$+4%0&<F&)#<0+"0$<4)&-(%-43"+(<0&

=7U>KE@&)4%.(."3&+<&;<)#(+"3&1()-;"%5$@&)4%.(."3&+<&CB&1"*)@&<%&)4%.(."3&+<&<0$&*$"%&=UEX&8&+<+"3&<F&YYA&

"%+(-3$)&/$%$&(1$0+(F($1&G*&+;$&(0(+("3&3(+$%"+4%$&)$"%-;&(0&P"%-;&AB'L@&<F&/;(-;&$(5;+$$0&F433&+$Z+&"%+(-3$)&

/$%$&)-%$$0$1&F<%&$3(5(G(3(+*D&S<&%"01<,()$1&-<0+%<33$1&+%("3)&/$%$&(1$0+(F($1D&N;()&)*)+$,"+(-&%$.($/&

(1$0+(F($1&$(5;+&<G)$%."+(<0"3&)+41($)&/;(-;&/$%$&1$)(50$1&")&$(+;$%&;()+<%(-"3&-<0+%<3&=K",#@&!"%();@&J&

801%$/)@&'YYR@&#D&[AY\&H</$0)+$(0@&>"G*"0@&H"))$0@&J&]$%0@&'YLT@&#D&['A\&!<++3$&J&^%"0+@&ABBB@&#D&MT\&

>"01$%)& $+& "3D@& 'YYM@& #D& [T\& ><1;(@& >(053"@& J& >;%(.")+"."@& AB''@& #D& ABYE&<%& #"%"33$3& -<0+%<3&=9"0$@&

74))$332H(015%$0@&!"%();@&94%;",@&J&^%</0&_%@&ABBB@&#D&LC\&P"II$%@&6%"*2>(%"-4)"@&J&:.$%)@&'YY[@&#D&

''T\&P<%$++(&$+&"3D@&ABBR@&#D&M[LED&P$+"2"0"3*)$)&/$%$&#$%F<%,$1&F<%&+;$&<4+-<,$)&+;"+&/$%$&%$#<%+$1&

(0& +;$& (1$0+(F($1& #"#$%)\& 0",$3*& 7U>K@& )4%.(."3& +<& ;<)#(+"3& 1()-;"%5$@& )4%.(."3& +<& +;(%+*& 1"*)@& "01&

)4%.(."3&+<&<0$&*$"%D&̀<%&7U>K@&.$%*&3</&Q4"3(+*&$.(1$0-$&/")&(1$0+(F($1&=1</05%"1$1&F<%&%()I&<F&G(")@&

(0-<0)()+$0-*@&(01(%$-+0$))&"01&(,#%$-()(<0E&F%<,&)(Z&<G)$%."+(<0"3&)+41($)&=H</$0)+$(0&$+&"3D@&'YLT@&#D&

['A\&P"II$%&$+&"3D@&'YY[@&#D&''T\&P<%$++(&$+&"3D@&ABBR@&#D&M[L\&!<++3$&J&^%"0+@&ABBB@&#D&MT\&>"01$%)&$+&"3D@&

'YYM@&#D&[T\&><1;(&$+&"3D@&AB''@&#D&ABYE&$0%<33(05&'@MT'&#"+($0+)&);</(05&G$0$F(+&F<%&"1."0-$1&-"%1("-&

3(F$&)4##<%+&+%"(0(05&=U7&'DTM@&Y[a&KO&'D'A&+<&ADM'ED&`<%&)4%.(."3&+<&;<)#(+"3&1()-;"%5$@&.$%*&3</&Q4"3(+*&

$.(1$0-$&/")&(1$0+(F($1&=1</05%"1$1&F<%&%()I&<F&G(")@&(0-<0)()+$0-*@&(01(%$-+0$))&"01&(,#%$-()(<0E&F%<,&

)$.$0&<G)$%."+(<0"3&)+41($)&=K",#&$+&"3D@&'YYR@&#D&[AY\&9"0$&$+&"3D@&ABBB@&#D&LC\&H</$0)+$(0&$+&"3D@&

'YLT@&#D&['A\&P<%$++(&$+&"3D@&ABBR@&#D&M[L\&!<++3$&J&^%"0+@&ABBB@&#D&MT\&>"01$%)&$+&"3D@&'YYM@&#D&[T\&><1;(&

$+&"3D@&AB''@&#D&ABYE&$0%<33(05&'@[BR&#"+($0+)&);</(05&#<))(G3$&G$0$F(+&F<%&"1."0-$1&-"%1("-&3(F$&)4##<%+&

+%"(0(05&=U7&AD'A&Y[a@&KO&BDYL&+<&MD[R\&79&BD'B@&Y[a&KO&BDB'&+<&BD'LED&`<%&)4%.(."3&+<&+;(%+*&1"*)@&.$%*&

3</&Q4"3(+*&$.(1$0-$&/")&(1$0+(F($1&=1</05%"1$1&F<%&(,#%$-()(<0E&F%<,&<0$&<G)$%."+(<0"3&)+41*&=P<%$++(&



! "$!

$+&"3D@&ABBR@&#D&M[LE&$0%<33(05&'[T&#"+($0+)&);</(05&G$0$F(+&F<%&"1."0-$1&-"%1("-&3(F$&)4##<%+&+%"(0(05&

=U7& RD'[@& Y[a& KO&'DT'&+<&C'DTYED& `(0"33*@& F<%& )4%.(."3& +<& <0$& *$"%@& .$%*& 3</&Q4"3(+*& $.(1$0-$& /")&

(1$0+(F($1&=1</05%"1$1&F<%&%()I&<F&G(")@&(0-<0)()+$0-*@&"01&(,#%$-()(<0E&F%<,&+/<&<G)$%."+(<0"3&)+41($)&

=P<%$++(&$+&"3D@&ABBR@&#D&M[L\&!<++3$&J&^%"0+@&ABBB@&#D&MTE&$0%<33(05&M[[&#"+($0+)&);</(05&0<&G$0$F(+&F<%&

"1."0-$1& 3(F$& )4##<%+& +%"(0(05& =U7& CDT'@& Y[a& KO& BD''&+<&''YDMAED&N;$& %$.($/& -<0-341$1& +;"+&#%(<%&

"++$01"0-$&<F&"+&3$")+&<0$&-"%1("-&"%%$)+&+$",&,$,G$%&<0&"0&"1."0-$1&3(F$&)4##<%+&-<4%)$&,"*&;".$&

"&#<)(+(.$&(,#"-+&4#<0&7U>K &"01&)4%.(."3&+<&;<)#(+"3&1()-;"%5$D&9"+"&F%<,&<0$&)+41*&)455$)+$1&"0&

"))<-("+(<0&/(+;&)4%.(."3&+<&+;(%+*&1"*)&")&/$33D&N;$%$&/")&0<&(,#"-+&4#<0&)4%.(."3&+<&<0$&*$"%D&&

&

U0$&<F&+;$&)+%$05+;)&<F&+;()&)*)+$,"+(-&%$.($/&()&+;"+&(+&/")&-<014-+$1&4)(05&6789:&,$+;<1<3<5*&

=>-;?0$,"00@& AB'C@& #D& 'ED&N;()& #%<-$))& ;")& G$$0& "1<#+$1& G*& <.$%& 'BB& <%5"0()"+(<0)& /<%31/(1$@&

(0-341(05& & +;$& S"+(<0"3&O0)+(+4+$& F<%& b$"3+;& K"%$& "01& :Z-$33$0-$& =SOK:E&"01& +;$& c<%31& b$"3+;&

U%5"0()"+(<0&=64*"++& $+& "3D@& ABBL@& #D& YAMED&N;$& 6%"1(05& <F& 7$-<,,$01"+(<0)& 8))$)),$0+@&

9$.$3<#,$0+&"01&:."34"+(<0&=6789:E&#%<-$))&-<0)(1$%)&+;$&,"50(+41$&<F&$FF$-+&"01&+;$&Q4"3(+*&<F&

$.(1$0-$&"+&"0&(01(.(14"3&<4+-<,$&3$.$3D&><@&F<%&$Z",#3$@&"&)(053$&#"#$%&,"*&#%<14-$&$.(1$0-$&<F&

1(FF$%(05&3$.$3)&<F&Q4"3(+*&F<%&,43+(#3$&<4+-<,$)@&"01&+;$&#4%#<)$&<F&6789:&()&+<&$0)4%$&+;"+&+;$%$&()&0<&

<.$%"%-;(05&-<0-34)(<0&F%<,&"&#"#$%&+;"+&$(+;$%&4#5%"1$)&<%&1</05%"1$)&$.(1$0-$&(0"##%<#%("+$3*D&

:"-;&+<#(-&F<%&"&6789:&%$.($/&()&)+%4-+4%$1&4)(05&+;$&!OKU&F<%,"+&=! <#43"+(<0@&"0+$%.$0+(<0@&# <0+%<3@&

$ 4+-<,$)ED&N;$&Q4"3(+*&<F&$.(1$0-$&()&)#3(+&(0+<&F<4%&3$.$3)\&0",$3*&;(5;@&,<1$%"+$@&3</&"01&.$%*&3</D&

b(5;&3$.$3)&<F&$.(1$0-$&"%$&5$0$%"33*&)$$0&(0&%"01<,()$1&-<0+%<33$1&+%("3)&/;$%$&+;$%$&()&-<0F(1$0-$&

+;"+&+;$&+%4$&$FF$-+&()&-3<)$&+<&+;"+&<F&+;$&$)+(,"+$&<F&+;$&$FF$-+D&H</&3$.$3)&<F&$.(1$0-$&"%$&4)4"33*&)$$0&

(0&<G)$%."+(<0"3&)+41($)@&"01&+;$&+%4$&$FF$-+&()&3(I$3*&+<&G$&1(FF$%$0+&+<&+;$&$)+(,"+$&<F&$FF$-+&(0&.$%*&3</&

3$.$3)& <F& $.(1$0-$D&̀ (.$& F"-+<%)& (,#"-+& 4#<0& +;$& Q4"3(+*& <F& $.(1$0-$& "01& +;$)$& "%$& %()I& <F& G(")@&

(0-<0)()+$0-*@&(01(%$-+0$))@&(,#%$-()(<0@&"01&#4G3(-"+(<0&G(")D&N;$*&$"-;&0$$1&+<&G$&"))$))$1&"+&"0&

<4+-<,$&3$.$3&"01&"33&-"0&3</$%&+;$&Q4"3(+*&<F&$.(1$0-$D&OF&+;$&,"d<%(+*&<F&)+41($)&F<%&$"-; &<F&+;$)$&F(.$&

1<,"(0)&);</&"&3</&%()I&F<%&+;"+&1<,"(0&+;$0&0<&1</05%"1(05&<F&$.(1$0-$&()&%$-<,,$01$1D&OF&+;$%$&()&

"&,<1$%"+$&<%&;(5;&%()I&(0&"0*&1<,"(0@&+;$0&1</05%"1(05&<F&$.(1$0-$&4#&+<&+/<&3$.$3)&<F&$.(1$0-$&()&

%$-<,,$01$1D&U0&+;$&G")()&<F&+;$&%$.($/@&"&3$.$3&<F&Q4"3(+*&<F&$.(1$0-$&()&+;$0&F<%,43"+$1&F<%&$"-;&

<4+-<,$&=;(5;@&,<1$%"+$@&3</&<%&.$%*&3</ED&!"#$%&'&4+(3()$1&+;$&6789:&"##%<"-;&")&(+&()&"0&"##%<"-;&

+;"+&-<0)(1$%)&+;$&)#$-(F(-&$FF$-+&<F&"0&(0+$%.$0+(<0&"+&<4+-<,$&3$.$3@&/;(-;&/")&-<0)()+$0+&/(+;&+;$&



! "%!

1$)(50&<F&+;$&#"#$%)&(1$0+(F($1D&80&"3+$%0"+(.$&F<%,"+&-<431&;".$&G$$0&"&)-<#(05&%$.($/@&/;(-;&()&"0&

"##%<"-;& +;"+& ()& +*#(-"33*& 4)$1& +<& #%$)$0+& "0& <.$%.($/& <F& "& 3"%5$& "01& <F+$0& ;$+$%<5$0<4)& G<1*& <F&

3(+$%"+4%$D&>-<#(05&%$.($/)&"%$&#"%+(-43"%3*&4)$F43&(F&+;$&)+41($)&(0-341$1&;".$&"&%"05$&<F&,$+;<1<3<5($)&

"01& )+41*& 1$)(50)D& N;$*& "%$& 4)$1& +<& #%<.(1$& "& 1$)-%(#+(.$& <.$%.($/@& ")& <##<)$1& +<& "& )+"+()+(-"3&

)*0+;$)()&<F&$.(1$0-$@&"01&"%$&<F+$0&4)$1&(0&+;$&#%$3(,(0"%*&#;")$&+<&(1$0+(F*&(F&"&)*)+$,"+(-&%$.($/&()&

F$")(G3$&<%&0<+D&8)&+;$%$&()&0<&"))$)),$0+&<F&G(")&(0&"&)-<#(05&%$.($/@&+;$&<4+#4+&-"00<+&G$&4)$1&+<&

5$0$%"+$&+%$"+,$0+&%$-<,,$01"+(<0)D&N;$&6789:&"##%<"-;&/")&-;<)$0&F<%&!"#$%&'&")&(+&/")&F$3+&+;"+&

+;$& ;$+$%<5$0$(+*& (0& +;$& )+41($)& /")& ,(+(5"+$1& ")& +;$& )+%4-+4%$& <F& +;$& (0+$%.$0+(<0& )+41($1& /")&

)+"01"%1()$1&")&/$%$&+;$&<4+-<,$)D&N<&F4%+;$%&)+%$05+;$0&+;$&"0"3*)()@&)$0)(+(.(+*&"0"3*)$)&<F&+;$&+/<&

1$)(50)& <F& )+41*& /$%$& (0-341$1& F<%& $"-;& <4+-<,$D& N;()& -<0F(%,$1& "0& "))<-("+(<0& G$+/$$0& -<4%)$&

#"%+(-(#"+(<0&"01&7U>K&(0&;()+<%(-"3&-<0+%<3&)+41($)&G4+&0<+&(0&#"%"33$3&-<0+%<3&)+41($)D&N;$&"))<-("+(<0&

F<%& 3<05$%& +$%,& <4+-<,$)& /$%$& )(50(F(-"0+& F<%& #"%"33$3& -<0+%<3& )+41($)@& /;(-;& /")& (,#<%+"0+& ")& +;$*&
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Paper 5 is a descriptive analysis of the demographics and assessment outcomes for 8,218 participants 

attending an RC(UK) e-ALS course between January 2013 and June 2014 (Thorne et al., 2017, p. 83). 

My contribution to this paper included conception and design, drafting of the article, critical revision of 

the draft, and final approval of the article. 

 

In parallel with the descriptive analysis of overall outcomes for participants on both c-ALS and the 

definitive e-ALS course (Paper 4), this study aimed to identify if there are any specific variables that are 

associated with better educational outcomes for participants on the e-ALS course. On the assumption 

that candidates do not always access prior learning opportunities, an objective of this study was to 

identify if the amount of time accessing e-learning correlated with better or worse outcome scores. One 

advantage of the investment in an LMS was that the RC(UK) now had the ability to collate data on time 

spent per module per participant. As the face-to-face element of the course was now reduced to one 

day and participants could choose whether or not to access e-learning (which was not mandatory), 

there were concerns that this may result in adverse educational outcomes.  

 

The aim of this paper was to describe the variables which are associated with better outcomes for 

candidates on an e-ALS course. The methodology used was descriptive in nature, which could be 

viewed as a limitation although this was mitigated by the large numbers studied and the very small 

drop-out rate. The population analysed included every participant of an e-ALS course between 1 

January 2013 and 30 June 2014. There was no randomisation, and each participant had the option to 

attend the course of their choice. The variables analysed were participant demographics (healthcare 

background, stage of training, previous ILS or ALS experience, core membership of resuscitation team), 

time spent on individual e-learning modules, and educational outcomes (mean post e-learning and post 

course MCQ, CasTest pass rates, and overall course pass rates). 

 

Out of 8,218 participants, only 15 started then failed to complete the course. In addition, there was a 

very small amount (1.8%) of missing data due to incomplete data entry by participants or local 

facilitators on the LMS. 
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With regard to the domain of knowledge, resuscitation officers scored highest (90.5%, SD 5.5) and 

operating department practitioners scored the lowest (79.2%, SD 17.0) in the post-course MCQ. 

Resuscitation officers are NHS employees who are responsible for co-ordinating the teaching and 

training of staff in resuscitation. Their role also involves attending medical emergencies and cardiac 

arrests, audit, and organisation of emergency equipment provision. Operating department practitioners 

are regulated healthcare providers who provide care for patients in the overall planning and delivery of 

perioperative care. Those with prior ALS experience and/or core members of resuscitation team 

performed significantly better in the post course MCQ (p<0.001). Senior doctors and nurses performed 

significantly better in the post course MCQ (p<0.001), whilst those with prior ILS experience performed 

significantly worse in the post course MCQ (p<0.001).  

  

The e-ALS course also assesses the domain of clinical skills. With regard to the first attempt at CasTest, 

those with previous ALS experience were more likely to pass (OR 1.97; 95% CI 1.73 to 2.24; p<0.001). 

Participants with core resuscitation team experience were also more likely to pass (OR 1.67; 95% CI 

1.48 to 1.90; p<0.001) with middle grade doctors outperforming junior doctors (OR 1.75; 95% CI 1.40 

to 2.17; p<0.001).  

 

Overall, resuscitation officers had the highest overall course pass rate (100%) and junior nurses had 

the lowest (88.4%). Participants were more likely to pass if they had previous ALS experience (OR 2.27; 

95% CI 1.73 to 2.98; p<0.001) or previous ILS experience (OR 1.64; 95% CI 1.29 to 2.09; p<0.001). 

They were also more likely to pass if they were core members of a resuscitation team (OR 1.91; 95% 

CI 1.48 to 2.47; p<0.001). When compared with doctors, other healthcare professional groups had 

significantly lower pass rates.  

 

The median time spent accessing e-learning was 5.2 hours (IQR 3.7 to 7.1). Resuscitation officers 

spent the longest time accessing the e-learning (median 7.5 hours, IQR 5.7 to 9.2), and doctors spent 

the least amount of time (median 4.9 hours, IQR 3.4 to 6.7).  Those with more experience spent less 

time accessing the e-learning. It was calculated that an increased amount of time spent accessing e-

learning was a statistically significant predictor of failing the post course MCQ (B= -24, 95% CI -0.30 to 

-0.19; p<0.001), failing the first CasTest assessment (OR 0.93, 95% CI 0.91 to 0.94; p<0.001), and 
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failing the course overall (OR 0.90, 95% CI 0.87 to 0.93; p<0.001). When all other co-variates were 

controlled for in multivariate regression, time spent accessing the e-learning remained a significant 

predictor of CasTest failure (OR 0.96; 95% CI 0.95 to 0.98; p<0.01), but not of overall course failure 

(OR 0.98; 95% CI 0.95 to 1.02; p=0.367). This paper concluded that prior participation on an ILS or 

ALS course and existing membership of a cardiac arrest team were independent predictors for success 

on the e-ALS course. Increasing age was associated with poorer educational outcomes including first 

CasTest pass (OR 0.98, 95% CI 0.97 to 0.98; p<0.001) and overall course success (OR 0.93, 95% CI 

0.93 to 0.94, p<0.001). The time spent accessing e-learning modules did not affect their course 

outcome.  

 

A strength of this paper is its ability to describe the outcomes for a large number of participants. As with 

Paper 4, it is an observational study and not randomised, but the large and detailed sample size assists 

in mitigating this limitation. Another strength is the ability, through the LMS, to accurately capture and 

quantify the time spent on each module for each candidate. A potential limitation of this study however 

is that less experienced participants may have left e-learning modules open whilst doing other activities, 

thus giving an artificially long access time. In addition, experienced participants may have relied more 

heavily on the course manual rather than the e-learning package, thus giving them an artificially short 

access time.  

 

In summary, the findings from Paper 5 give a valuable insight into the participant variables that are 

more likely to be associated with better educational outcomes on the e-ALS course. Paper 4 had 

concluded that the definitive e-ALS course delivered equivalent educational outcomes for participants 

who chose to attend it over the c-ALS course. The outcomes from Paper 5 would now enable the 

RC(UK) to provide guidance to prospective candidates as to which course may be more appropriate for 

them to attend.  
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Chapter 5:  Discussion  

 

In this chapter, I will discuss the relevance of each publication with regard to the overall aims and 

objectives of this programme of research. I will summarise the existing body of knowledge at the time 

of each publication and discuss the novel contribution that each study made to that field of research. I 

will also describe any studies that have been subsequently published that add any further evidence to 

the body of knowledge. In addition, I will discuss the findings from each paper in context with the 

evidence for a blended learning approach as detailed in Chapter 3. Each publication resulted in the 

identification of future areas of research, and these will be discussed. As the portfolio represents a 

programme of research spanning several years, the conclusions from the earlier studies prompted the 

later research that is also presented in this chapter. Finally, I will outline any ongoing research gaps 

and will describe how this research has informed changes in recommendations for practice at an 

international and national level.  

 

 

5.1 Paper 1  

 

In order to articulate the novel contribution to knowledge of Paper 1, I will discuss the importance of the 

problem that it addresses, the certainty of evidence, desirable and undesirable effects, balance of 

effects, resources required including cost effectiveness, equity, acceptability, and feasibility. One of the 

objectives of this research was to assess the impact of advanced life support training on the outcomes 

of patients who suffer, or who are at high risk of suffering a cardiorespiratory arrest. This is important 

as in-hospital cardiac arrest has already been described in Chapter 1 as a significant global issue.  I 

will describe how the evidence described in Paper 1 shows that the advanced life support courses that 

are delivered internationally have a positive effect on patient outcomes, thus establishing their 

importance as an educational intervention. 

 

This systematic review addressed a problem that is of great importance to global healthcare delivery. 

The scale of the issue in terms of numbers of patients having an in-hospital cardiac arrest has already 

been described in Chapter 1. Despite improvements over the years, one person in every 1,000 hospital 
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admissions in the UK (Key Statistics from the National Cardiac Arrest Audit 2018/19, 2019, p. 1) and 

as many as 10 patients per 1,000 hospital admissions in the USA (Andersen, Holmberg, Berg, Donnino, 

& Granfeldt, 2019, p. 1200) have a cardiac arrest. It is reasonable to expect that healthcare 

professionals will be trained to identify and treat medical emergencies, yet knowledge of advanced life 

support amongst healthcare professionals has been shown to be poor in several different countries 

(Einav, Wacht, Kaufman, & Alkalay, 2017, p. 22; Martínez, Delgado, Fernández, & González, 2018, p. 

508; Pantazopoulos et al., 2011, p. 278). Advanced cardiac life support training is delivered globally 

with an estimated 1.3 million candidates per annum undertaking either the AHA ACLS course or the 

RC(UK)/ERC/ARC ALS course (Lockey, Lin, & Cheng, 2018). In the UK, ALS training is a core 

component of the foundation curriculum that is undertaken by all newly qualified doctors and it is also 

a mandatory requirement for specialty medical training in clinical areas where cardiac arrest 

management is expected (e.g. emergency medicine). Attendance of candidates on an ALS course 

comes at a cost however in terms of time and financial expense to both candidates and institutions. It 

is therefore important to demonstrate whether this participation has any meaningful impact upon patient 

outcomes.  

 

The certainty of evidence for this review was very low as the studies were predominantly old and of 

very poor quality. They were mostly retrospective single-centre studies, using historical controls, with 

poor reporting on patient characteristics. Only one study adjusted outcomes for possible confounding 

(Dane, Russell-Lindgren, Parish, Durham, & Brown Jr, 2000, p. 83) and some studies were conducted 

with small sample sizes and are likely to be underpowered. The most recent study, which was the only 

one reporting data post-2000 (Sodhi, Singla, & Shrivastava, 2011, p. 209), showed a significant benefit 

to the addition of advanced cardiac life support training to staff already trained in basic life support. This 

study was also subject to significant confounding, as the authors only reported unadjusted outcomes 

and provided very limited data on patient and arrest characteristics between the two periods. It is, 

however, the study that analyses the impact of the most recent and therefore contemporary version of 

the course.  

 

When considering how substantial the desired effects are, there are several factors that should be taken 

into consideration. Patients value survival with good neurological outcome (Haywood et al., 2018, p. 
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e783). The studies in this review only looked at the impact of advanced cardiac life support on patient 

survival and no data was available to assess the quality of life in the survivors. It should be noted that 

all of the studies were conducted prior to contemporary evidence-based interventions such as targeted 

temperature management, which have been proven to strengthen the post resuscitation phase of care 

(Lascarrou et al., 2019, p. 2327). There is a possibility therefore that candidates on current iterations of 

the course are being trained to consider interventions that have a better chance of delivering higher 

quality of survival in comparison with the time period of the papers reviewed in Paper 1. The most recent 

study in this systematic review included participants attending courses between January 2009 and June 

2010 (Sodhi et al., 2011, p. 209). Since then, the clinical resuscitation guidelines have been updated in 

2015 and another update is pending in Spring 2021. There is also an increased emphasis in the 

contemporary course on the strengths of the team approach, and also on the importance of non-

technical skills (Yeung et al., 2014, p. S71). In addition, conversations about end of life care, patient 

choice, and �µ�G�R���Q�R�W���D�W�W�H�P�S�W���&�3�5�¶�����'�1�$�&�3�5����decision making are more common now. The importance 

of this was highlighted in the UK in a report by the National Confidential Enquiry into Patient Outcome 

and Death report (Findlay, Shotton, Kelly, & Mason, 2012, p. 1) which showed that patients were 

undergoing inappropriate resuscitation attempts because DNACPR forms were not completed in a 

timely manner. The course itself has changed over the years since its inception, as described in Chapter 

3. It has become more aligned with contemporary learning theory resulting in the introduction of a 

blended learning e-ALS course in the UK. All of these factors have the potential to provide an even 

greater positive impact not only on patient survival rates but also on neurological outcome. A research 

challenge for the future will be to devise a study that is powered to analyse in particular that latter 

outcome. If a robust randomised controlled trial or cohort study were feasible then it is essential that 

some measure of neurological function be collated as well as survival data. ALS and ALCS courses are 

now fully established in many countries throughout the world, which makes it more difficult to perform 

higher levels of research as it is more likely that practitioners have already had some kind of exposure 

to such training. This would make a true randomised controlled trial, or even a historical control trial, 

difficult to perform. The only opportunity for such a research project would be if there were plans to 

introduce advanced life support training into a new healthcare setting with no previous exposure to 

similar training.  
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A particularly important desired effect identified in the review was that the provision of training can 

actually lead to the delivery of different care to patients. Whilst this produces a confounding element to 

historical cohort studies, it represents a welcome evolution in quality of care. Training can prompt 

individuals and institutions to reflect on which patients should actually be receiving resuscitation to 

optimise survival rates. In two of the historical cohort studies identified in the review (Camp, Parish, & 

Andrews, 1997, p. 529; Lowenstein, Sabyan, Lassen, & Kern, 1986, p. 512), the authors noticed an 

increase in the number of resuscitation attempts after the introduction of ACLS courses. Whilst it is not 

clear if this represented an increase in appropriate resuscitation attempts or not, the overall increase in 

survival rates are encouraging. However, this once again highlights the importance of including 

neurological outcome in reported data to confirm whether this is a desirable or undesirable effect of 

training.   

 

Most treatment effects in this review favoured the intervention of accredited advanced cardiac life 

support training. It was unclear whether this was achieved due to improved knowledge, skills, user 

satisfaction or a combination of these factors. The systematic reviews for the impact of blended learning 

that addressed knowledge, skills, and user satisfaction detailed in Chapter 3 therefore describe, in 

effect, surrogate outcomes. The findings of this review, however, is that these courses are likely to 

improve the overall care provided during cardiac arrest, and thus improve survival for patients which is 

a much more important outcome. Whilst the positive effects are presented with very low evidence, they 

likely offset the potential negative effect of untrained healthcare professionals and inappropriate 

resuscitations attempts. 

 

It is also important to take into consideration the resource implications of providing this training. The 

financial implications of running advanced life support courses include costs to the overseeing 

resuscitation council (e.g. manual production and development of e-learning platforms), course centre 

(e.g. faculty costs, facility costs, equipment purchase, and maintenance), employers (e.g. course fees, 

covering study and professional leave time for candidates and faculty), and employees (e.g. course 

fees in some cases). These costs will vary between different healthcare settings. When looking at 

advanced life support training from an international perspective, there may be a further impact on health 

equity as the resources and costs needed may prohibit advanced cardiac life support training in some 
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low resource healthcare settings. In fact, provision of training in these settings may actually come at a 

cost to other healthcare interventions if prioritised. There is evidence for the benefits of providing 

resuscitation training for newborn and trauma situations in low resource settings (Berkelhamer, Kamath-

Rayne, & Niermeyer, 2016, p. 573; Meaney et al., 2010, p. 1462). Educational programmes that 

advocate simple and cheap interventions (e.g. basic airway management and first aid for haemorrhage 

control) can have profound positive effects on morbidity and mortality in both of these situations. There 

is very little evidence however for the benefits of advanced cardiac life support training in those settings. 

It is important to evaluate through research the epidemiology of cardiac arrest and tailor training to 

match each local situation. The reason for this is that priorities of management may differ, particularly 

in areas of the world with no pre-hospital emergency medical service (Aufderheide et al., 2013, p. 1289). 

Some barriers, including the resource and cost implications of providing training, can be surmountable. 

A potential solution to make delivery of training more affordable could be the development of alternative 

methods of course delivery. This could include blended learning approaches to training consisting of e-

learning modules and reduced face-to-face time. The benefits of such an approach, including the cost 

of delivery, have been described in Chapter 3 and this concept will be further explored in the subsequent 

discussion of the papers in this programme of research. 

 

Ultimately, the potential for lives saved by healthcare professionals participating in an advanced life 

support course would seem to outweigh the costs of candidates attending these courses. Paper 1 

provides evidence to stakeholders that attendance of members of the cardiac arrest resuscitation team 

on these courses leads to improved patient outcomes. The findings also provide evidence to patient 

groups that the healthcare professionals who will manage them in the most critical of times are well 

equipped to save their life. As such, this paper provides a novel and welcome contribution to the body 

of research knowledge. 

 

Prior to conducting the systematic review for Paper 1, there had only been one other published review 

of the evidence for this specific topic (Williams, 2011, p. 240) and a broader review encompassing all 

variants of life support courses (Mosley, Dewhurst, Molloy, & Shaw, 2012, p. e349). The review by 

Williams et al was limited to studies published between 2005 and 2010 to coincide with the 2005-2010 

international guideline cycle. It included studies analysing the educational outcomes from simulation 
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assessments as well as actual patient outcomes. As such, only one of the papers from Paper 1 was 

included in their review (Moretti et al., 2007, p. 458). The authors concluded t�K�D�W���³�V�R�P�H�� �H�Y�L�G�H�Q�F�H�� �L�V��

available that advanced life support interventions can improve outcome for patients suffering in-hospital 

�F�D�U�G�L�D�F���D�U�U�H�V�W�´�����,�Q���F�R�Q�W�U�D�V�W�����3�D�S�H�U�������L�Q�F�O�X�G�H�G���D�O�O���V�W�X�G�L�H�V���S�X�E�O�L�V�K�H�G���D�E�R�X�W���W�K�H���D�G�X�O�W���D�G�Y�D�Q�F�H�G���O�L�I�H���V�X�S�S�R�U�W��

course with no date restrictions and specifically looked at studies relating to patient outcomes only (i.e. 

no simulation studies). Whilst the courses before 2005 represent a different era of course content and 

resuscitation guidelines, the fundamental principles of how the course was delivered remain similar. 

The advanced life support course has always been delivered to multi-professional healthcare 

candidates and has consistently combined didactic delivery with simulation and workshop training. The 

assessment strategies have also remained similar with a summative knowledge and skills assessment 

strategy remaining relatively unchanged over the years. Another advantage for including the courses 

from before 2005 in Paper 1 is that this was an era where the control group was more likely to have 

had no exposure to the intervention thereby representing a purer and more valid comparative group. 

Finally, Paper 1 included the only paper that has been published since 2010 (Sodhi et al., 2011, p. 209), 

which bears a much closer resemblance to contemporary advanced life support courses. The review 

by Mosley et al covered studies including neonatal, paediatric, adult and trauma life support courses. It 

also included studies describing non-accredited training curricula delivered to a pre-defined group of 

participants over a finite period of time in a predefined structured manner. Their analysis of impact on 

patient outcomes included four studies relating to the ACLS course (Camp et al., 1997, p. 529; Dane et 

al., 2000, p. 83; Makker, Gray-Siracusa, & Evers, 1995, p. 116; Moretti et al., 2007, p. 458), which were 

all included in the systematic review for Paper 1. The remaining nine papers that they included related 

to other life support courses (ILS, ATLS, Prehospital Trauma Life Support, and Paramedic ACLS 

training). They elected not to perform a meta-analysis due to the heterogeneity of the research designs, 

educational interventions, and outcome measures. This is not surprising given the broader scope of 

their review that involved different course styles and the addition of simulation studies. Instead they 

performed a qualitative data synthesis of the research methods and outcomes before agreeing on key 

themes. The authors concluded that the introduction of structured resuscitation training leads to a 

reduction in mortality. This is in concordance with the conclusions of Paper 1. A recently published 

review by the Cochrane group (Merriel et al., 2019, p. 1) addressed the wider picture of the effects of 

interactive training of healthcare providers on the management of life-threatening emergencies in 
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hospital on patient outcomes, clinical care practices, or organisational practices. The review included 

randomised or cluster randomised studies only and included any situation where immediate lifesaving 

interventions may be needed. They identified eleven studies and the only study that directly related to 

adult cardiac resuscitation (Weidman, Bell, Walsh, Small, & Edelson, 2010, p. 1556) described 4-hour 

immersive simulation sessions rather than formal accredited advanced life support training. It therefore 

falls out of the scope of the inclusion criteria for Paper 1. The review concluded that the benefits of 

interactive training were uncertain due to the very low certainty of evidence.  

 

In contrast to these reviews, the systematic review for Paper 1 was broader in its time frame and focused 

purely on patient outcomes. The literature review was initially conducted on 6 March 2018 and identified 

eight observational studies. It was repeated on 31 October 2019 and no additional studies were 

identified. 

 

The evidence from similar life support courses is also important as, whilst not directly comparable, a 

treatment effect in the same direction as that for adult advanced life support courses would support the 

benefits of life support training as a concept. A systematic review and meta-analysis of the impact of 

neonatal resuscitation training (NRT) on neonatal and perinatal mortality identified twenty trials with 

1,653,805 births (Patel, Khatib, Kurhe, Bhargava, & Bang, 2017, p. e000183). The authors concluded 

that NRT compared with no NRT (control) decreased the risk of stillbirths by 21% (RR 0.79, 95% CI 

0.44 to 1.41), 7-day neonatal mortality by 47% (RR 0.53, 95% CI 0.38 to 0.73), 28-day neonatal mortality 

by 50% (RR 0.50, 95% CI 0.37 to 0.68), and perinatal mortality by 37% (RR 0.63, 95% CI 0.42 to 0.94). 

In addition, the authors analysed eighteen pre and post intervention studies and concluded that after 

NRT training there was a decrease in the risk of all stillbirths by 12% (RR 0.88, 95% CI 0.83 to 0.94), 

fresh stillbirths by 26% (RR 0.74, 95% CI 0.61 to 0.90), 1-day neonatal mortality by 42% (RR 0.58, 95% 

CI 0.42 to 0.82), 7-day neonatal mortality by 18% (RR 0.82, 95% CI 0.73 to 0.93), 28-day neonatal 

mortality by 14% (RR 0.86, 95% CI 0.65 to 1.13), and perinatal mortality by 18% (RR 0.82, 95% CI 0.74 

to 0.91). The level of heterogeneity in the NRT versus control analysis was generally very low due to 

the small number of studies included, with a highest I2 score of 68% for analysis of perinatal deaths. In 

contrast, the levels of heterogeneity in the pre and post NRT analyses were moderate to high with a 

range of I2 scores of 47% to 95%. The quality of evidence was deemed to be high for 7-day and 28-day 
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neonatal mortality in the NRT versus control analyses and moderate for perinatal mortality in the same 

analysis. All other analyses were stated to be based upon very low quality evidence. Whilst this review 

produced conclusions largely based upon pre and post intervention trials, it is unique in that two 

randomised controlled trials between NRT and control were identified (Bang, Bang, Baitule, Reddy, & 

Deshmukh, 1999, p. 1955; Gill et al., 2011, p. d346). The implications for practice from this review are 

that NRT reduces the rate of stillbirths and improves the survival of newborn patients.  

 

A systematic review of the impact of Advanced Trauma Life Support (ATLS) courses (Abu-Zidan, 2016, 

p. 12; Mohammad, Branicki, & Abu-Zidan, 2014, p. 322) was able to demonstrate positive educational 

value for the course but clear evidence that the training reduced trauma patient deaths was lacking. 

The review consisted of one prospective cohort study and six retrospective studies. Five studies 

showed no effect, one showed significant improvement, whilst one showed worse outcomes for trauma 

patients managed by ATLS certified doctors. The review concluded that it is important to perform large 

prospective cohort studies of high quality data and use advanced statistical modelling. The need for 

future research was also concluded by a Cochrane review on ATLS training, that was unable to identify 

any controlled trials for this topic (Jayaraman, Sethi, Chinnock, & Wong, 2014, p. 1).  The evidence for 

ATLS is therefore less conclusive than the evidence for NRT. 

 

The findings of Paper 1 hold particular international importance as they have recently been incorporated 

into the ILCOR 2020 process (Lockey, 2020, p. 1). Despite the fact that it was not primarily 

commissioned as an ILCOR worksheet (the formal summary of the evidence evaluation process for 

each topic), the quality of the review and the structure used for the review was felt to be sufficient to 

make it eligible for inclusion. The review was presented to the ILCOR EIT Taskforce on 3 November 

2019 for further discussion. This Taskforce consists of 17 members, of which I am one, representing 

ten countries (Australia, Austria, Belgium, Canada, Denmark, Germany, Japan, Taiwan, UK, and USA). 

All worksheets are presented to the group by the Evidence Reviewer and then a group discussion leads 

to collective decision making about the outcomes and recommendations. Any conflicts of interest are 

disclosed prior to any discussion. Following the discussion on 3 November 2019, it was decided that 

�W�K�H�� �U�H�V�X�O�W�V�� �I�R�U�� �µ�V�X�U�Y�L�Y�D�O�� �W�R�� �K�R�V�S�L�W�D�O�� �G�L�V�F�K�D�U�J�H�¶�� �D�Q�G�� �µ�V�X�U�Y�L�Y�D�O�� �W�R�� �W�K�L�U�W�\�� �G�D�\�V�¶�� �V�K�R�X�O�G�� �E�H�� �S�R�R�O�H�G�� �D�V�� �W�K�H�\��

effectively describe a similar outcome. The taskforce also decided to subgroup studies into those that 
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enrolled participants who had taken the course before and after 2001 to reflect the impact of the first 

set of international guidelines that were introduced in 2000. Only one study (Sodhi et al., 2011, p. 209) 

contained participants who had participated in a course post 2001. 

 

The results for the outcomes of ROSC and survival to one year remained unchanged. The updated 

results for survival to hospital discharge or survival to thirty days are presented in Figure 3. For survival 

to hospital discharge or survival to thirty days, very low quality evidence was identified (downgraded for 

risk of bias, inconsistency, indirectness and imprecision) from seven observational studies enrolling 

1,507 patients showing benefit for advanced cardiac life support training (OR 2.43, 95% CI 1.04 to 

5.70). Analysis of the pre and post 2001 subgroups showed a trend towards better outcomes with the 

more contemporary course (Sodhi et al., 2011, p. 209), and this potentially reflects the advances in 

medical science.  

 

 

 

Figure 3 �± Updated meta-analysis for survival to hospital discharge or survival to thirty days 

 

 

Following a video conference of the taskforce on 18 November 2019, it was agreed that the following 

treatment recommendation would be proposed for public consultation: �³We recommend the provision 

of accredited adult advanced cardiac life support training for health care professionals (weak 
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�U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�����Y�H�U�\���O�R�Z���T�X�D�O�L�W�\���R�I���H�Y�L�G�H�Q�F�H���´����In making this recommendation it was recognised that 

the evidence in support of this recommendation came from observational studies of very low quality 

and only related to accredited adult advanced life support courses. It was also recognised that the 

provision of accredited adult advanced cardiac life support training may not be feasible in low resource 

settings. In the absence of any comments from the 14-day public consultation period between 31 

December 2019 and 12 January 2020, the wording of the treatment recommendation was confirmed 

for inclusion in the ILCOR 2020 CoSTR (Lockey, 2020, p. 1). 

 

In summary, Paper 1 provides evidence that the attendance of one, or more, members of an adult in-

hospital cardiac team who have participated on an advanced life support course leads to improved 

patient survival. This evidence has been used by ILCOR to produce a treatment recommendation as 

part of the Guidelines 2020 process. Its impact is therefore significant as it will consolidate the position 

of this course in healthcare training and stimulate further research to further evaluate its impact, in 

particular on neurological outcomes. Paper 1 is presented as the first part of this programme of research 

as it identifies the importance of advanced life support training and provides a credible baseline to 

benchmark against when developing new variants of the course. It fulfils a key objective of this 

programme of research in that it is an educational approach that has a positive effect on the outcomes 

of patients who suffer, or who are at high risk of suffering a cardiorespiratory arrest. 

 

 

5.2. Paper 2  

 

In the early part of the 21st century, concerns were being raised in the UK by healthcare institutions 

about the time spent teaching on life support courses by their employees. The introduction of 

Foundation Training for doctors in 2005 had seen the welcomed statement that all Foundation Year 2 

�G�R�F�W�R�U�V���V�K�R�X�O�G���K�D�Y�H���W�U�D�L�Q�L�Q�J���W�R���³�D�G�Y�D�Q�F�H�G���O�L�I�H���V�X�S�S�R�U�W���O�H�Y�H�O�´�����D�Q�G���W�K�L�V���L�V���V�W�L�O�O���D�Q���L�P�S�R�U�W�D�Q�W���F�R�P�S�R�Q�H�Q�W���R�I��

the 2016 curriculum (Committee, 2016, p. 1). Despite this, healthcare institutions were also starting to 

look critically at the time and resources available for study leave for candidates. 
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In 2008, in my capacity as Chairman of the ALS Sub-Committee of the RC(UK), I commissioned the 

development, piloting, and evaluation of the e-ALS course. The proposed course structure would mean 

that only one day of face-to-face attendance would be required. I was aware that no large-scale studies 

had been performed looking specifically at a blended learning alternative to the ALS course and it was 

therefore important that a robust evaluation should be undertaken and published to inform future 

practice.  

 

Paper 2 set out to determine whether a blended learning approach to ALS training provides outcomes 

equivalent to those of the conventional ALS course. As such, it addressed another of the objectives of 

this programme of research. It was clearly stated in the paper that the pressure on budgets across the 

UK healthcare system had driven the need to explore more cost-effective solutions for training. The 

intervention was aimed at candidates on RC(UK) ALS courses across the UK and Australia. The ARC 

deliver an identical course and it was felt that the inclusion of international data would strengthen the 

study. The aim of the intervention was to deliver the didactic content of the traditional ALS course via 

e-learning, with a reduction in the face-to-face content of the course to one day. The objective was to 

ensure that this did not have a negative impact on the learning of key ALS principles by the participants.  

 

The primary outcome studied was performance at the first CasTest (the summative assessment of the 

ability of a candidate to manage a patient in cardiac arrest using a simulated scenario). This was 

important as studies analysing blended learning in healthcare tended to focus predominantly on the 

impact on the knowledge domain. As has been described in Chapter 3, there was very little convincing 

evidence in the literature regarding the impact on clinical skills, and it was proposed that the 

performance at the first CasTest provided a better indicator of the global learning in all domains of the 

participants. The standardised structured CasTest format used for the ALS course had previously been 

analysed and validated (Perkins et al., 2007, p. 484) and it was felt that this, along with the fact that two 

instructors conducted every assessment, mitigated the open-label nature of the study. Secondary 

outcomes included knowledge (pre- and post-course MCQ results), technical skills assessments, 

CasTest domain scores, overall course pass rate, proportion of participants judged to have exceptional 

performance, and the costs of training. Data was collected between December 2008 and October 2010 

and 3,732 healthcare professionals were recruited across 31 course centres in the UK and Australia.  
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One of the possible reasons for the relatively poor performance of the e-ALS participants in the first 

CasTest in this study was the reduced amount of time spent learning as a group. The evidence that 

supports the concept of blended learning, as well as the theory of social learning, highlight the 

importance of allowing candidates the opportunity to learn alongside their peers. The reduced face-to-

face time may therefore have impacted on the amount of time that they were able to receive feedback 

and benefit from shared learning with fellow participants. It is important to note, however, that the 

cumulative amount of face-to-face practical skill station and simulation-based education was the same 

for both courses.  

 

For this initial study, the existing PowerPoint presentations from the c-ALS course had been processed 

using Articulate software (www.articulate.com). This enabled the inclusion of a voiceover to the 

presentation, although it was still quite basic in terms of interactivity. As stated in Chapter 3, simply 

adding an e-learning module or replacing didactic content on a new platform is likely to add very little 

to the learning experience and may not improve student engagement. In retrospect, this is a prime 

example of such a situation, although the justification for such an approach at the time was to limit 

expense for an approach that may or may not be beneficial. It was proposed that the e-learning 

component should be further improved and developed to increase engagement and participant 

satisfaction prior to any further research. It was on the basis of this that the definitive iteration of the e-

ALS was developed and the evaluation of this is detailed in the critique of Paper 4. 

 

It was also noted that participants consented to be randomised to either limb of the study and therefore 

were unable to choose their preferred style of course. It is stated in the �S�D�S�H�U�� �W�K�D�W�� �³�L�Q�W�U�R�G�X�F�L�Q�J�� �I�U�H�H��

choice or removing choice (if conventional programmes were withdrawn in favour of the blended 

�D�S�S�U�R�D�F�K���� �Z�R�X�O�G�� �U�H�T�X�L�U�H�� �F�O�R�V�H�� �P�R�Q�L�W�R�U�L�Q�J�´���� �3�O�D�Q�V�� �Z�H�U�H�� �P�D�G�H�� �W�K�H�U�H�I�R�U�H�� �W�R�� �D�Q�D�O�\�V�H�� �R�X�W�F�R�P�H�V�� �Z�K�H�Q��

participants had the ability to choose a course that suited their perceived learning style and the results 

of this are presented in Paper 4. A parallel study was also conducted at the same time as Paper 2 

looking at participant self-perceptions with regard to their learning styles as well as their opinions of the 

two course formats, and the results of this are presented in Paper 3. 
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The results from Paper 2 demonstrated that non-inferiority was inconclusive for the primary outcome, 

but that it was proven for the secondary outcomes. Although not stated explicitly in the paper (to avoid 

allegations of spin, as described on page 78), we felt that the differences in the primary outcome were 

not educationally significant, as the overall pass rates were only 2.5% inferior and the confidence 

intervals for that outcome were within the NI margin. This conclusion also took into account the fact that 

clinical performance is not necessarily negatively impacted by a failure to pass the ALS course. In other 

words, it is entirely feasible that a candidate who fails the course can build upon their course result and, 

through experiential learning, deliver better care than before for patients in cardiac arrest. With regard 

to resource use, the e-ALS was estimated to be 50% cheaper than the c-ALS course. This was of 

particular importance as cost-saving was one of the factors relevant to a health service undergoing 

considerable austerity measures at that time. 

 

Before the introduction of the internet, the forerunner for e-learning was multimedia learning (Nicholson, 

2007, p. 1). Audio, video, or CD-ROM based teaching materials were used to augment learning from 

manuals and face-to-face courses. There are relatively few studies that relate specifically to the delivery 

of a multimedia blended approach to the adult advanced life support course which indicates the 

importance of the research in contributing to current understanding. I will now discuss these studies, 

which looked at replacing all or part of the traditional face-to-face course with a multimedia format.  

 

A small non-randomised cohort study conducted in 1998 compared a multimedia version of an AHA 

ACLS course with a standard version of the course and found evidence that the multimedia approach 

can produce equivalent cognitive and psychomotor outcomes (Christenson et al., 1998, p. 702). The 

multimedia course consisted of seven individual modules, comprised of software, a laser videodisc, and 

a CD-ROM. The outcomes measured were MCQ and mock arrest scores. An educationally important 

difference was stated as being 10%, although there are no power calculations to support this. Another 

limitation is that convenience samples were used with no evidence of any randomisation. In addition, 

some of the participants were analysed in groups that they were not originally assigned to, meaning 

that the study demonstrated significant levels of bias. All assessments were videotaped and assessed 

by blinded instructors as well as on-site unblinded instructors. The two groups were all final year medical 

students and were treated equally. The results presented were that there was no difference between 
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the two groups for MCQ results (89.3% ± 4.9% for multimedia vs 89.3% ± 4.8% for standard; p = not 

significant). There was no difference for on-site psychomotor assessment (14.1 ± 2.5 for multimedia vs 

14.1 ± 2.0 for standard; p = not significant). There was a difference between the two groups for blinded 

psychomotor assessment from videotaped recordings (13.1 ± 2.9 for multimedia vs 14.4 ± 2.9 for 

standard; p=0.024) although this was noted to be less than the required 10% to be educationally 

important. Therefore, the authors concluded that the multimedia course provided immediate educational 

outcomes similar to the standard course.  Of note was the fact that a significantly larger proportion of 

participants in the multimedia group needed to repeat their summative practical assessment (47% vs 

24%), and it was postulated that this was because those on the standard course had been familiarised 

with this approach throughout the course. This prompted the authors to conclude that there may need 

to be some face-to-face element to the course after all under instructor supervision. They described, in 

effect, a model resembling the e-ALS approach ten years earlier than the RC(UK) project. This study 

also presented evidence that students in the multimedia group were less satisfied with their experience 

due to lack of instructor interaction and a feeling of less preparatory experience for the summative test, 

irrespective of whether they passed or not. This reflects the broader evidence for blended learning in 

healthcare presented in Chapter 3, in that such an approach was not always popular amongst 

participants due to the lack of instructor interaction. It also foreshadowed our experiences with e-ALS, 

as will be detailed in the discussion of Paper 3. 

 

At a similar time, another interactive multimedia training system was described (Xie, Chen, Scamell, & 

Gonzalez, 1999, p. 117). This was a multimedia training module that could be run on the Windows 95 

platform and was particularly advocated for training crew medical officers on space flights in the 

eventuality that a cardiac arrhythmia may occur on a manned mission into space. Whilst there is no 

evaluation of the product, it serves as a detailed description of an approach that was cutting edge for 

its time at the end of the 20th century. 

 

A descriptive case study in 2000 studied an alternative to the AHA ACLS course format. This study 

described multiple preparatory options including attending optional lectures, viewing lectures on video 

recordings, using an interactive computer-assisted instruction programme, watching a series of ACLS 

core case videos, and participating in teaching sessions (Darr, 2000, p. 116). This study was small with 
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only 17 participants and it did not evaluate learning outcomes. The primary intent of the study was to 

evaluate learner attitudes, and most of the respondents favoured this format. It was also noted that 

face-to-face time was decreased, and the costs associated with this approach were 42% lower than the 

traditional course format. Another limitation of this study was that an unvalidated survey was used. The 

study did not look at a direct replacement of the didactic components of the ACLS course with a 

multimedia approach, as there were still options for students to attend lectures. It is clear that the 

primary motivation of the authors was that they were exploring a more cost effective and practical 

alternative to the ACLS course, and they concluded that this could be a viable approach. It should be 

noted however that an unspecified number of participants needed frequent reminders and, indeed, 

warning letters before they completed the course at the last minute. This represents a risk of non-

compliance with some participants in an approach where training is taken out of a structured and 

regulated format.  

 

Although relating to a different life support course, it is worthwhile to look at evidence from the approach 

to paediatric resuscitation training as well. A comparison was performed between the cognitive and 

psychomotor performances of participants attending a traditional AHA Paediatric Advanced Life 

Support (PALS) course with those attending an e-learning (Web-PALS) equivalent followed by a 1-day 

skills and testing course (Gerard et al., 2006, p. 649). This model is very similar to the e-ALS approach. 

There was no randomisation and convenience samples were used. All participants were accounted for 

in the analysis and there was no crossover between groups. The study was powered for a 2.5% 

difference in marks with 40 participants of similar demographics in each arm (80% power with a 

significance level of p=0.05). Whilst instructors and participants were not blinded, the psychomotor tests 

(identical for both groups) were all videotaped and independently assessed by instructors blinded to 

the arm of the study that they were from. All participants passed the MCQ on their first attempt with a 

1.7% difference between the groups favouring the traditional course format. There was a 2% difference 

between the groups for psychomotor skills assessment favouring the Web-PALS format. The authors 

concluded that the Web-PALS was an acceptable format for administering the PALS course. The 

findings from this smaller study are similar to the findings from Paper 4, and whilst this reflects the 

experience from a different life support course, the inference is that a blended learning approach to 

such learning is beneficial.  
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I co-authored a worksheet that included the aforementioned studies for the 2010 ILCOR process. This 

worksheet looked at the impact of multimedia pre-course learning with a specific focus on reduced face-

to-face time for advanced cardiac life support courses as an outcome.  

 

The findings were incorporated into the 2010 ERC Guidelines, which stated that:  

There are numerous studies of alternative teaching methods that claim equivalence or benefit 

for computer or video- based training and decrease the time instructors spend with learners. 

Any method of pre-course preparation that is aimed at improving knowledge and skills or 

reducing instructor to learner face-to-face time should be formally assessed to ensure 

equivalent or improved learning outcomes compared with standard instructor-led courses (Soar 

et al., 2010, p. 1434). 

 

I revisited this worksheet for the 2015 ILCOR process, this time using GRADE methodology for the data 

analysis (Schünemann, 2013, p. 1). The review was expanded to include the remit of e-learning as well 

as multimedia. Due to the specific wording of the PICO generated by the EIT Taskforce, only one paper 

was identified for inclusion (Perkins et al., 2010, p. 877). This open label, multi-centre, randomised 

controlled study looked at the educational impact of a pre-course CD-ROM based learning module 

called MicroSim (Lærdal, 2008). 572 participants were randomised and the control group (n=285) 

underwent the traditional ALS course as normal with the course manual sent to them four weeks in 

advance. The intervention group (n=287) were also sent a CD-ROM containing MicroSim. This 

programme presented them with a simulated patient on their computer desktop and enabled them to 

interact in real-time with the scenario to deliver key interventions. At the end of the scenario, detailed 

feedback on their performance was presented to them. The primary outcome was performance in the 

first CasTest on the ALS course. There was no significant difference between the two groups. Similarly, 

there was no significant difference for the secondary outcomes (MCQ score and individual skill station 

assessment results). The product was popular however with 79% stating that they would recommend 

it to colleagues and over 70% feeling that it improved their understanding of the concepts of ALS. The 

study was supported by an unrestricted research grant from Laerdal (UK), who also donated the CD-

ROMs at no cost. Whilst this may have raised the question of a conflict of interest, the conclusions were 

not supportive of the product. The 2015 CoSTR concluded that the confidence in effect estimates was 
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so low that the Taskforce decided a specific recommendation for or against pre-course preparation in 

ALS courses was too speculative (Bhanji et al., 2015b, p. S242). The lack of published evidence in the 

area of specific blended learning training for life support education was highlighted as a research gap.  

The evidence for the use of a multimedia approach to life support education differs slightly from the 

contemporary evidence from the wider healthcare literature with regard to the impact of a blended 

learning approach to education, as presented in Chapter 3.  The findings from the multimedia studies 

are mixed for the acquisition of knowledge and user satisfaction. In contrast to the general findings 

about blended learning for healthcare education, there is some historic evidence from these multimedia 

studies to support its use for clinical skills training. This is important as cardiac arrest management is 

predominantly a clinical skill, and this may indicate that the blended approach may be beneficial for this 

particular topic.  

 

In summary, Paper 2 was the first large scale randomised controlled trial looking at educational 

outcomes following attendance at a blended learning approach to ALS training as opposed to a 

traditional version of the course and therefore its conclusions were a significant and novel contribution 

to knowledge. Unfortunately, the findings from Paper 2 failed to clearly achieve the objective that the e-

ALS course is equivalent in terms of educational outcomes for candidates on the course when 

compared with the conventional approach to training. It was clear that further work was needed to 

develop and improve the pilot version of the course. A crucial element to this review would be an 

analysis of the participant satisfaction outcomes as presented in Paper 3. 

 

 

5.3 Paper 3  

 

The aim of this study was to determine the acceptability to participants of a blended learning approach 

to ALS education. Paper 2 had concluded that non-inferiority was inconclusive for the primary outcome 

(first CasTest), but that it was proven for the secondary outcomes (knowledge, technical skills 

assessments, CasTest domain scores, overall course pass rate, proportion of participants judged to 

have exceptional performance, and the costs of training). The Trustees of the RC(UK) concluded that 

there was no educationally significant difference between the two courses, but that it was important that 
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the participant views and preferences were taken into account prior to proceeding with a definitive 

version of the course. This would help to shape the product to further match the needs of the course 

participants, and therefore helped to fulfil one of the objectives for this programme of research which 

was to evaluate the acceptability of this approach to healthcare professionals undertaking the pilot e-

ALS course. 

 

The study was mixed methodology in its design. A quantitative approach was used to analyse the 

responses to a series of questions rating individual elements of the type of course attended. The course 

components and the impact upon personal development were assessed using a six-point Likert 

response structure, and a binary scale was used for the learning style questions. In addition, a 

qualitative appraisal was used for the free text response to three questions relating to learning styles. 

Data was collected anonymously from participants attending both courses in the UK and Australia and 

the groups were evenly matched in terms of their profiles, as documented in Paper 2.  

 

The paper concluded that the inclusion of face-to-face training is invaluable. This was consistent with 

the evidence presented in Chapter 3 supporting a blended learning approach to learning as opposed 

to a pure e-learning approach. Quantitative feedback showed a clear preference for c-ALS, whereas 

the qualitative data was more measured with most respondents finding the e-learning aspects of e-ALS 

beneficial. It was felt that the mixed response to e-�$�/�6���S�U�R�E�D�E�O�\���U�H�O�D�W�H�G���W�R���S�D�U�W�L�F�L�S�D�Q�W�V�¶���R�Z�Q���S�H�U�V�R�Q�D�O��

learning styles. An important aspect of the feedback was that the participants found the mode of delivery 

of the e-learning components to be dull and lacking interactivity. This indicated that more work was 

needed on the e-learning product and platform to improve its effectiveness and popularity.  

 

It is clear from this paper that a blended learning approach does not suit all learning styles. Despite this, 

some participants enjoyed the course. It was concluded in Paper 3 that participants attending ALS 

courses have different ways of learning, and that the identification of these learning styles may enable 

the e-learning components to be redesigned to benefit a broader range of learners. The concept of 

learning based upon reflection, developing new ideas, and then putting those new ideas into practice 

is critical for ALS training. This approach is consistent with the constructivist and social theories of 

education, as each ALS candidate gets to reflect on their own performance as well as the performance 
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of others during the face-to-face elements of the courses. There are many different theoretical 

definitions of learning styles, with some authors declaring over twenty frameworks, models and 

dimensions (Vasquez, 2009, p. 53). The framework that primarily resonates with advanced life support 

education is the Kolb Experiential Learning Cycle (Kolb, 1975, p. 33). This concept is cited in the manual 

used for life support course instructor training as a key underpinning educational principle for learning 

in this environment (Bullock, Davis, Lockey, & Mackway-Jones, 2016). Kolb stated that learning is 

enhanced when students are actively involved and immersed in a concrete experience. He described 

four specific learning styles based upon his Learning Cycle, with learners preferring either concrete 

experience, reflective observation, abstract conceptualisation, or active experimentation. Learners who 

prefer to learn by concrete experience tend to prefer an environment where they can directly interact 

with peers and teachers in a collaborative and competitive approach (Diaz & Cartnal, 1999, p. 130). 

Those who favour such face-to-face learning recognise its strength for dealing with communication 

issues and situations where shared learning needs to be achieved to develop knowledge (Paechter & 

Maier, 2010, p. 292). In contrast, those who favour the abstract approach to learning are more likely to 

be intrinsically motivated, prefer self-directed learning, and have a preference for the e-learning 

approach (Chapman & Calhoun, 2006, p. 576; Dille & Mezack, 1991, p. 24; Gee, 1990, p. 1; Paechter 

& Maier, 2010, p. 292). This gives some insight into the different learning styles that may lead a 

participant to favour one course approach over the other. It is important to remember however that 

Paper 3 analyses a situation where the learners did not have any choice about the modality of course 

they were assigned to. The results therefore reflect the opinions of learners who may not have been 

exposed to a course that ideally matched their learning style. This may not be significant however as 

the e-learning platform can still be seen to be a supportive learning environment irrespective of learning 

style (Ross & Lukow, 2004, p. 41). The reality is that learners may possess a spectrum of learning 

styles and that no one fixed approach is correct (Brown et al., 2009, p. 1). Indeed, exposing learners to 

environments that do not suit their preferred learning style may lead them to develop otherwise 

undeveloped styles of learning (Grasha & Yangarber-Hicks, 2000, p. 2). 

 

There is evidence in the literature of mixed opinions from healthcare students with regard to the different 

elements of a blended learning approach, and this has been discussed in Chapter 3 (Dunleavy et al., 

2019, p. e12937; George et al., 2019, p. e13269; McCutcheon, Lohan, Traynor, & Martin, 2015, p. 255; 
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Milanese, Grimmer-Somers, Souvlis, Innes-Walker, & Chipchase, 2014, p. 86; Nagendrababu et al., 

2019, p. 181; River, Currie, Crawford, Betihavas, & Randall, 2016, p. 185).  The conclusions of Paper 

3 are consistent with these findings as it was stated that the pilot version of the e-ALS course was well 

received by most, but not all participants.  

 

A significant proportion of the participants attending the RC(UK) ALS and e-ALS courses are newly 

qualified doctors, and this was reflected by the demographics presented in Paper 2. The proportion of 

participants who were Foundation Year doctors (first two years post qualification) were 40.6% in the e-

ALS group and 38.9% in the c-ALS group. This is important as this is the demographic of candidate 

that would be expected to be more accepting of an e-learning approach, and the opinions of this group 

of candidates to blended learning is therefore important. A questionnaire survey of 69 Foundation Year 

1 doctors attending a weekly blended learning programme covering the Foundation curriculum 

concluded that they valued e-learning as an adjunct to experiential and lecture-based tuition (Goh & 

Clapham, 2014, p. 20). Course modules that relied on a higher level of theoretical content, such as the 

safe prescribing e-programme, were felt to be more useful when delivered using e-learning. Some 

students value the ability to continue their learning outside the classroom and an e-learning component 

of a blended learning approach can give them that opportunity to further their learning at a time that is 

more personally convenient (Carroll, Booth, Papaioannou, Sutton, & Wong, 2009, p. 235). Students 

who value self-directed online learning can also value face-to-face interaction with an instructor where 

more complex learning is needed. Conversely, there are also situations where the lack of human 

interaction is not a disadvantage, particularly if the tuition is focussed and didactic. This was 

demonstrated in an American study that identified that medical students exhibited a preference for 

passive online lectures as opposed to online modules that required constructivist activity (Prunuske, 

Henn, Brearley, & Prunuske, 2016, p. 135). Course presentation and design is vital, as online 

communities do not always deliver the extent of interaction needed to optimise social learning (Bradley 

et al., 2007, p. 164; Carroll et al., 2009, p. 235), however this may change in the future with further 

technological developments including greater use of personal learning environments (Raspopovic & 

Jankulovic, 2017, p. 869).  
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Paper 3 presents a comprehensive descriptive analysis of the opinions of 95.3% of the candidates who 

participated in the pilot e-ALS study, and therefore addresses an objective of this programme of 

research. The results also provided a sense check on the validity of the pilot e-ALS approach and 

caused the RC(UK) trustees to pause and reconsider how they could improve the product to suit the 

needs of the participants. In addition, the findings of this paper, along with the findings from Paper 2, 

consolidated the viewpoint that e-ALS was an educational product that could not simply replace c-ALS. 

The two courses would need to be delivered in parallel for the foreseeable future. Further work was 

needed to improve the e-learning content for e-ALS to improve its interactivity and popularity. The 

results for Paper 2 and Paper 3 were presented at the RC(UK) Symposium in Birmingham in November 

2010. The Trustees of the RC(UK) realised that the course needed development before it could be 

disseminated further and decided to invest in a formal procurement for an e-learning package along 

with the development of an LMS. A project team was convened, and a budgetary allocation was 

committed to develop a definitive version of the e-ALS course. A condition of this commitment was that 

any further iterations of the e-ALS course would be subject to formal analysis to ensure that it was fit 

for purpose, and the results of this are presented as Paper 4. 

 

 

5.3 Paper 4  

 

Paper 4 presents a descriptive analysis of the educational outcomes from the updated version of the e-

ALS course, that was introduced in January 2012, in comparison with the outcomes from participants 

of the c-ALS course. The e-ALS course had been piloted and evaluated, and the conclusion from Paper 

2 and Paper 3 indicated that further work was needed to improve the e-learning product. The 

randomised non-inferiority trial approach that had been used for the pilot course study was limited in 

that it did not allow candidates to choose the course that ideally suited their learning preferences. A 

decision was made therefore to allow candidates the freedom to choose which course they wanted to 

attend and to descriptively analyse data from all e-ALS and c-ALS courses run over an 18-month period. 

The limitations for such an approach have already been discussed in Chapter 4, but the large sample 

size and homogeneity between the groups was felt to mitigate this limitation. One of the advantages of 

investing in a new LMS to host this new course was that it allowed the RC(UK) to analyse a significant 
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amount of anonymised data about candidates, their demographics, their use of the e-learning modules, 

their assessment outcomes, and also their feedback about the course they attended. The aim of this 

study was to address one of the objectives of this of this programme of research; namely to demonstrate 

that the definitive version of the e-ALS course produced educational outcomes equivalent to the c-ALS 

course. Whilst the data analysed was only from UK courses, the intention was that the results would be 

shared internationally. 

 

In the intervening time between the publication dates of Paper 2 and Paper 4, there were no publications 

in the literature relating to a comparison between blended learning and traditional advanced life support 

courses. Other studies analysed the use of e-learning for refresher training for advanced life support 

training with mixed results (Delasobera et al., 2010, p. 217; Jensen, Mondrup, Lippert, & Ringsted, 

2009, p. 903), but no study other that Paper 2 had analysed the impact of a blended learning approach 

to the course itself.  More recently, a systematic review was performed of twenty randomised controlled 

trials covering a range of digital interventions only for resuscitation training including multimedia, 

graphics, animations, games, video, online and offline software (Lau et al., 2018, p. 14). The overall 

quality of evidence was very low and there was a high level of heterogeneity between the studies. There 

were numerous limitations with the review, including small sample sizes from single institutions and the 

inclusion of studies in the English language only. Nevertheless, the review concluded that digital 

interventions alone may result in better knowledge and equivalent skills when compared with 

�V�W�D�Q�G�D�U�G�L�V�H�G���W�U�D�L�Q�L�Q�J���D�O�W�K�R�X�J�K���L�W���Z�D�V���D�O�V�R���V�W�D�W�H�G���W�K�D�W���W�K�H���H�Y�L�G�H�Q�F�H���V�X�J�J�H�V�W�L�Q�J���L�W�V���X�V�H���L�V���³�L�Q�D�G�H�T�X�D�W�H�´���� 

 

Evidence has subsequently been published in the literature of other healthcare systems using our work 

as an exemplar to develop similar projects. A teaching hospital in Malaysia conducted a prospective 

interventional study from January 2016 to May 2017 comparing a traditional ACLS course (presumably 

the AHA course, although not explicitly stated) with a bespoke e-ACLS course (Arithra Abdullah et al., 

2019, p. 1). The reasons stated for developing a blended learning approach were the lengthy duration 

and cost of the conventional course as well as a lack of availability of qualified instructors. In other 

words, the motivations for developing such an approach were similar to those encountered in the UK. 

The online modules consisted of six hours of recorded lectures and scenarios. A total of 96 participants 

were included in the study, with 48 participants in each arm. This study was not randomised, and 
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participants were able to choose which course they attended, although the authors have presented 

demographic data which is comparable between the two groups. Participants in the e-ACLS group 

scored higher mean scores for pre-course MCQ (69.1, SD 19.1 vs 58.6, SD 16.6; p<0.001) and post-

course MCQ (78.9, SD 12.0 vs 70.6, SD 13.9; p<0.001). Participants in the e-ACLS group also scored 

higher for CasTest (95.8% vs 87.5%; p=0.134) and overall course pass (93.8% vs 83.3%; p=0.099), 

although neither difference reached statistical significance. An eight-question attitudinal survey of the 

e-ACLS course participants concluded that most participants favoured e-learning. The number of 

participants studied was small and represented less than 1% of the number of participants analysed for 

Paper 4. It is reassuring to note that the results from this study mirror the findings reported in Paper 4, 

namely that a blended learning course leads to improved scores for knowledge and skills acquisition. It 

is also gratifying to see that our work has prompted similar developments internationally. In line with 

the evidence for blended learning for healthcare in general, this blended learning approach has 

therefore been shown by both Paper 4 and the international evidence above to be beneficial for 

knowledge acquisition. In this particular focussed topic area, however, blended learning appears to be 

beneficial for skills acquisition as well. Finally, when candidates are able to choose the course that they 

attend, the user satisfaction is also better.  

The evolution of the AHA ACLS course has followed a similar trajectory over the years. In 2015, the 

AHA introduced an updated set of guidelines for ACLS. This included a recommendation that It may be 

reasonable to use alternative instructional modalities for BLS and/or ACLS teaching in resource-limited 

environments (Bhanji et al., 2015a, p. S561). In response to this, a group of researchers from the 

�8�Q�L�Y�H�U�V�L�W�\���R�I���&�D�O�L�I�R�U�Q�L�D���,�U�Y�L�Q�H���6�F�K�R�R�O���R�I���0�H�G�L�F�L�Q�H���G�H�Y�H�O�R�S�H�G���D���µ�I�O�L�S�S�H�G���F�O�D�V�V�U�R�R�P�¶���Y�H�U�V�L�R�Q���R�I���W�K�H���$�&�/�6��

course. In this model, instructional content is delivered outside the classroom (usually online) and 

elements that would previously have been considered as pre-course learning are moved into the 

classroom (McDonald & Smith, 2013, p. 437). This approach has been successfully used in healthcare 

education for teaching various skills in emergency medicine (Lew, 2016, p. 25; Rose et al., 2016, p. 

284; Tan, Brainard, & Larkin, 2015, p. 453). The California group replaced 12 hours of classroom 

lectures with 9 hours of pre-recorded podcasts and 10.5 hours of team-based learning. They performed 

a cohort analysis of 4th year medical students, with the intervention group of 95 students undertaking 

the flipped classroom approach compared with a historical cohort of 259 students who had undergone 

the traditional ACLS course (Boysen-Osborn et al., 2016, p. 1). A second publication by the same group 
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compared the same historic control group with an expanded intervention group that had the data from 

a subsequent year of students included in the analysis (Langdorf et al., 2018, p. 1). In both studies, the 

outcome measured was the knowledge test score. In the latter study which had the larger intervention 

sample size of 209 participants, the median knowledge scores improved from 93.5% (IQR 90.6 to 95.4) 

to 95.1% (IQR 92.5 to 96.8), which they stated was significant (p=0.0001). Neither of the studies looked 

at student competencies, but they concluded that this approach can improve written scores in 

comparison with the conventional approach.  

The flipped classroom approach to ACLS education has also been analysed in a randomised single-

blinded study of 108 fourth year medical students in Seoul (Beom et al., 2018, p. e0203114). This study 

did not actually use an accredited ACLS course as the control group but compared a traditional 

classroom-based approach to teaching ACLS skills (1-hour lecture followed by question and answer 

session) with a flipped classroom approach. The intervention group received the PowerPoint lecture by 

email along with a recorded explanation three days before a scheduled classroom session. At this 

session, they watched a video of a poor example of ACLS followed by a group discussion. Both groups 

then underwent the same assessment sessions. For the primary outcome of simulation rating score, 

the intervention group scored higher (70.9 ± 10.9 vs 67.1 ± 11.3, p=0.339). There was no significant 

difference in participant satisfaction scores (p=0.655). The study had limitations due to a potential for 

cross-contamination between groups and the possibility that students may not have been compliant 

with their preparation for the educational sessions.  Whilst this study did not use an accredited ACLS 

course as the control, it is still interesting to note the improved performance in the intervention group. 

Our findings with regard to cost savings for a blended learning approach to ALS education have also 

been replicated elsewhere. A study analysing the costs of a blended learning version of the ACLS 

course in Singapore concluded that it delivered significant cost savings and, therefore a positive return 

on investment (George et al., 2018, p. 234). The blended learning approach (11 hours online and 5 

hours face-to-face) had an annual cost of S$43,467 as opposed to S$72,793 for the traditional 1.5-day 

course. This supports our conclusions that a blended approach to training can be a more cost-effective 

solution. 
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The results from Paper 4 provided assurance that there was no significant difference in terms of 

educational outcomes for participants who attended the definitive e-ALS course as opposed to the c-

ALS course. The outcomes from Paper 2 had failed to clearly satisfy the objective of this programme of 

research that a blended learning approach to ALS training produced equivalent educational outcomes 

to a conventional approach. The results from Paper 4 achieved this objective and provided welcome 

assurance to the RC(UK) Trustees that the investment in the development of the e-ALS course had 

been justified. In addition, the rich data set data available from the LMS introduced the opportunity to 

analyse in more detail the profiles of participants who were more successful on the e-ALS course. This 

analysis is presented as Paper 5.  

 

 

5.5 Paper 5  

 

The findings from Paper 5 give a valuable insight into the variables that are more likely to be associated 

with better educational outcomes on the e-ALS course. This is an important aspect of the evaluation of 

the course and therefore addresses one of the objectives of this programme of research. Knowledge 

scores (MCQ results) were better in participants with longer and more relevant background clinical 

experience, in comparison with more junior and inexperienced colleagues. Knowledge scores were 

worse, however, for participants with previous ILS experience. The ILS course is designed for 

healthcare professionals who may have to act as first responders and treat patients in cardiac arrest 

until the arrival of a cardiac arrest team. These participants are therefore more likely to be inexperienced 

or come from a non-acute healthcare background. The fact that those with prior ILS experience 

performed worse for the knowledge assessment is not surprising, although it is interesting to note that 

prior ILS experience was still a predictive factor for overall course success. The teaching methodology 

used on the ILS course is similar in nature to that used on the ALS course. A familiarity with the style 

of teaching may be the reason why those who had previously attended an ILS course fare better. In 

addition, those participants with more relevant background experience performed better in the first 

CasTest. This reflects the positive benefit of participating in a course where the assessment scenario 

resembles a clinical situation that candidates are already familiar with from their day-to-day working 

practice. It is also clear that those who had undertaken a CasTest as part of a previous ALS course 
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were more likely to understand what was required of them when faced with this assessment modality 

again. Overall, increasing participant age was associated with poorer educational outcomes. Finally, 

the conclusion that there was no direct correlation between increased time spent accessing modules 

and course success is of interest. This could be explained by the fact that participants with more 

experience may simply have chosen to advance through or ignore e-learning modules that contained 

content that they were already familiar with. This reflects the evidence behind a blended learning 

approach, described in Chapter 3, that learners perform best when they can choose what they want to 

learn and that mandating the e-learning modules is not necessary. 

 

The findings from Paper 5 are an important addition to the literature as there are no other studies that 

have analysed the factors associated with success with a blended learning approach to advanced life 

support education. There is however published evidence from Italy of factors associated with success 

on the conventional ALS course. An analysis was conducted of 283 medical doctors with no previous 

ALS training participating in ERC ALS courses at one Italian course centre between November 2006 

and June 2009 (Sandroni et al., 2010, p. 1521). Those who passed the course had a younger median 

age (31 vs 37.5 years, p=0.006) and they also had higher median scores in the pre-course MCQ (84% 

vs 72.4%, p<0.001). Following a multivariate analysis, the authors concluded that prior BLS certification 

(OR 5.00, 95% CI 1.12 to 22.42) and a higher pre-course MCQ score (OR 1.18, 95% CI 1.09 to 1.28) 

were predictors of success. When analysing the impact of age, they concluded that increasing age was 

associated with a higher rate of failure (OR 0.90, 95% CI 0.83 to 0.97). They did not find any association 

with participant specialty background, although it should be noted that they only analysed medical 

participants which is a limitation of the study. An additional limitation is that the analysis was performed 

in one course centre only. This prompted the development of a larger Italian multi-centre descriptive 

study, covering a five-year period between 2008 and 2012. This study analysed all participants 

irrespective of profession attending an ERC ALS course for the first time (Semeraro et al., 2015, p. 

246). The analysis contained data from 13,264 participants with a mean age of 37 years. Just over half 

of the participants were doctors (7,352), with the remainder being nurses. Once again, those who 

passed were younger (37 vs 43 years, p<0.0001) and successful participants had a higher median pre-

course MCQ score (88%, 95% CI 83 to 93 vs 80%, 95% CI 73 to 87; p<0.0001). In the multivariate 

analysis, higher MCQ scores predicted success (OR 1.033, 95% CI 1.026 to 1.040; p<0.0001), doctors 
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were more likely to pass (OR 3.021, 95% CI 2.212 to 4.132; p<0.0001) and a higher age was associated 

with failure (OR 0.926, 95% CI 0.915 to 0.937; p<0.0001). In addition, candidates from emergency 

disciplines were more likely to pass the course. The large sample size in this study, along with a 

description of the outcomes for both doctors and nurses, makes this a valid analysis of outcomes from 

the ERC ALS course. Although the ERC ALS course is virtually identical to the conventional RC(UK) 

ALS course (on which it is based), the Italian healthcare system is different to the UK system limiting 

the applicability of the results. The main difference between the Italian and RC(UK) studies is that the 

Italian studies were limited to analysing the outcomes for participants attending the ERC ALS course 

for the first time. Nevertheless, the overarching conclusion that course success is associated with 

working in an emergency care discipline, younger age of participants, and a medical professional 

background is synonymous with the findings of Paper 5. This is of interest as there is an implication 

that the factors for success are very similar between the two types of ALS course, suggesting that the 

courses are more closely aligned than previously imagined. This would add further evidence that the 

two courses are equivalent in nature, but it also highlights an opportunity for future research to compare 

the weighting of the various factors for success for both courses.  

 

In addition, similar evidence has been published from another type of advanced life support course. A 

review of 744 participants on an ATLS course at two course centres between 2007 and 2011 concluded 

that age greater than 55 (OR 4.6, 95% CI 1.9 to 11.1; p<0.001), lower pre-course MCQ scores (OR 2.3, 

95% CI 1.2 to 4.1; p=0.010), and participants from non-trauma or emergency backgrounds (OR 2.1, 

95% CI 1.2 to 3.6; p=0.005) were more likely to fail the course (Mobily et al., 2015, p. 942). The same 

findings with regard to age and background specialty amongst ATLS participants had also been 

described in Israel between 1990 and 1996 (Ben-Abraham et al., 1999, p. 169). It would appear 

therefore that younger age and relevant clinical background (including prior knowledge) are all key 

factors of success for participants of at least two types of life support course.  

 

There are several potential reasons why advancing age may be associated with poorer outcomes, 

particularly for participants on the e-ALS course. It has been postulated that there is a decline of 1% 

per year for learning ability in adults between 22 and 50 years of age (Knowles, 1990, p. 1). Knowles 

also states that adults pr�R�J�U�H�V�V���Z�L�W�K���D�J�H���I�U�R�P���O�H�D�U�Q�L�Q�J���W�K�L�Q�J�V���W�K�H�\���³�R�X�J�K�W���W�R�´���I�R�U���E�L�R�O�R�J�L�F�D�O���D�Q�G���D�F�D�G�H�P�L�F��
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�G�H�Y�H�O�R�S�P�H�Q�W���W�R���W�K�L�Q�J�V���W�K�H�\���³�Q�H�H�G���W�R�´���W�R���D�G�G�U�H�V�V���H�Y�R�O�Y�L�Q�J���V�R�F�L�D�O���D�Q�G���S�U�R�I�H�V�V�L�R�Q�D�O���U�R�O�H�V�����7�K�L�V���L�V���R�I�W�H�Q��

seen on ALS courses, where the motivation for younger candidates is usually extrinsic as the course is 

required for their curriculum requirements, whereas older candidates have a more intrinsic motivation 

due to the need to be competent at managing cardiac arrest situations in their place of work. With 

advancing age there is a �S�K�\�V�L�R�O�R�J�L�F�D�O�� �G�H�F�D�\�� �L�Q�� �O�H�D�U�Q�L�Q�J�� �F�D�S�D�E�L�O�L�W�L�H�V�� �V�X�F�K�� �D�V�� �W�K�H�� �µ�Z�R�U�N�L�Q�J�� �P�H�P�R�U�\�¶����

which is the ability to temporarily hold information available for processing (Grady & Craik, 2000, p. 

224). Courses that feel more rushed may therefore not suit older learners, and they may benefit from 

the longer duration of the c-ALS course to enable more time for memory processing. Another reason 

why candidate age is an important factor is that the evolution of technological sources of learning, as 

espoused by the Theory of Connectivity (Downes, 2010, p. 27; Siemens, 2004, p. 1), confers an 

advantage for learners who have grown up in the internet era. These learners are more used to seeking, 

sieving and synthesising as opposed to relying on single sources of information such as a book or 

lecture, and this may give them an advantage when exposed to a blended learning approach to 

education (Dede, 2005, p. 7). 

 

There are also clear reasons why candidates from a relevant clinical background are more likely to be 

successful. It has previously been shown that doctors and nurses working in high risk areas for cardiac 

arrest have better knowledge of resuscitation guidelines than those who are from low risk areas (Fischer 

et al., 2012, p. 227; Passali et al., 2011, p. 365). Candidates who are more likely to use CPR at work 

are also more likely to have better training outcomes (Kämäräinen, 2005, p. 1). A key reason for this is 

that participants attending ALS courses from high risk clinical areas for cardiac arrest appear to be more 

highly motivated (Hopstock, 2008, p. 425) as they ascribe higher importance to the relevance of 

knowing about and using CPR skills in their workplace. This would also explain why those who actively 

work in high risk areas are more likely to attend ALS courses with a higher level of pre-course 

knowledge about the topic, thus explaining the correlation between higher MCQ scores and success.  

 

In summary, Paper 5 is an essential aspect of the evaluation of the definitive e-ALS course and also 

fulfils an objective of this programme of research. The conclusions from Paper 5 present a profile of 

those candidates more likely to be successful when attending an e-ALS course and this has the 

potential to inform potential participants of which course to choose. The fact that younger candidates 
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are more likely to be successful indicates that it is a feasible course for Foundation Year doctors, with 

the added benefit that it is preferable to release these doctors for only one day from a busy clinical job 

for a face-to-face component. The blended learning approach appears to be more valuable for 

candidates who have previously attended a c-ALS course, thus making it an ideal option for 

recertification. Current data suggests that only a third of candidates on all forms of the RC(UK) ALS 

course have undertaken an ALS course previously, therefore indicating that there is a low rate of 

recertification (personal communication, Helen Keen �± Resuscitation Council (UK) ALS Courses 

Manager). Access to the e-ALS course may result in more candidates re-certifying their ALS status, as 

opposed to letting it lapse as they do not wish to attend a two-day face-to-face course again. Finally, 

the knowledge that candidates from critical care backgrounds perform better on the e-ALS may enable 

more prescriptive advice to be delivered about which course these candidates should attend. The 

results from the Italian studies suggest that this may be a more global factor for success on life support 

courses as a whole. Therefore, a more detailed comparative analysis is needed of factors for a 

successful outcome between both variants of the RC(UK) ALS course to identify which factors are 

generic and which are more specific to e-ALS or c-ALS course participants.  
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Chapter 6: Conclusions  

 

The aim of this programme of research was to develop and evaluate a new blended learning approach 

to advanced life support education for healthcare professionals which would meet the needs of key 

stakeholders. The development process involved establishing the clinical importance of this educational 

intervention as well as piloting the RCUK e-ALS course. The evaluation process sought to determine if 

this new approach was equivalent to the conventional course in terms of educational outcomes and to 

identify which participant factors were associated with a successful course outcome.  

 

The published papers and the accompanying narrative demonstrate how the research aim was 

achieved. Paper 1 concluded that there is a positive association between course participation and 

improved patient outcomes. The objective of Paper 2 was to prove educational equivalence between 

the two course variants, but the results of this study were inconclusive. Paper 3 evaluated the 

acceptability to participants of the pilot e-ALS course and the results were mixed. The findings from 

Paper 2 and Paper 3 therefore indicated that the pilot version of the e-ALS course needed improvement. 

This resulted in the development of the definitive e-ALS course, which was successfully evaluated in 

Paper 4 as being equivalent to the conventional course. Paper 5 identified that younger participant age, 

prior experience of a life support course, and a relevant clinical background are factors associated with 

a favourable e-ALS course outcome.  

 

Educational theory provides the basis for the choice of teaching strategies that will improve instructional 

efficiency and therefore student learning. The principles espoused by constructivism and connectivism 

are particularly relevant to the context of advanced cardiac life support training.  

 

This reflects the most important lesson that was learnt throughout my PhD candidature. By performing 

the overview of systematic reviews for blended learning in healthcare education and through my further 

reading around theoretical concepts, I have realised the importance of the application of learning theory 

in the instructional design process. The pilot e-ALS course was developed without full regard to 

underpinning educational theory. It was not evaluated well by participants and it failed to demonstrate 

non-inferiority. If these principles had been rigorously applied, there is a possibility that the pilot e-ALS 
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course could have demonstrated non-inferiority without the need for further investment and 

development.  

 

The research presented in this portfolio is novel because it adds valuable educational evidence to the 

body of international literature in the context of advanced cardiac life support training. This is important 

as the overview of systematic reviews identified that there is a paucity of high quality evidence for a 

blended learning approach to healthcare professional education.  

 

The corresponding impact of this programme of research can be summarised by its effect on policy, 

practice, education, and research. From a policy perspective, the findings from Paper 1 were 

incorporated into the ILCOR 2020 international resuscitation guidelines process, resulting in a treatment 

recommendation in support of advanced life support training. This recommendation includes an 

important caveat that such training may not be feasible in some international locations due to low 

resource availability or inadequate healthcare infrastructure. With regard to practice, the requirements 

of the stakeholders have been met as the e-ALS course is more cost effective to run and requires half 

the face-to-face time. Educationally, the e-ALS course produces equivalent outcomes to the 

conventional course, Finally, the evidence from the published research, and the accompanying 

narrative, identifies opportunities for further research.  

 

In conclusion, the research aim was achieved as the findings presented in this programme of research 

demonstrate the importance to patient outcomes of accredited advanced cardiac life support training, 

and they also prove that the definitive version of the RCUK e-ALS course delivers equivalent participant 

educational outcomes to the conventional ALS course. This is the first time that a blended learning 

approach to life support training has been positively evaluated on this scale. As a result, this programme 

of research provides an exemplar for resuscitation organisations around the world to develop, if 

appropriate, a similar blended learning approach to life support training in an era where reduction in 

cost and face-to-face training time is increasingly important for key stakeholders. 

 
 

 

 



 142 

References  

Abu-Zidan, F. M. (2016). Advanced trauma life support training: How useful it is? World journal of critical 
care medicine, 5(1), 12.  
Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4733451/pdf/WJCCM-5-12.pdf 
 
Advanced Life Support Course Provider Manual. (2001). European Resuscitation Council (Wilrijk, 
Belgium).  
 
Advanced Life Support Course Provider Manual. (2015).  (7th ed.): Resuscitation Council UK. 
 
AHA. (2000). Guidelines 2000 for cardiopulmonary resuscitation and emergency cardiovascular care: 
an international consensus on science. Circulation, 102.  
 
Albert, M., Hodges, B., & Regehr, G. (2007). Research in medical education: balancing service and 
science. Adv Health Sci Educ Theory Pract, 12(1), 103-115. doi:10.1007/s10459-006-9026-2 
 
Ali-Masri, H., Hassan, S., Fosse, E., Zimmo, K. M., Zimmo, M., Ismail, K. M. K., . . . Laine, K. (2018). 
Impact of electronic and blended learning programs for manual perineal support on incidence of 
obstetric anal sphincter injuries: a prospective interventional study. BMC Med Educ, 18(1), 258. 
doi:10.1186/s12909-018-1363-3 
 
Aliakbari, F., Parvin, N., Heidari, M., & Haghani, F. (2015). Learning theories application in nursing 
education. J Educ Health Promot, 4, 2. doi:10.4103/2277-9531.151867 
 
Amineh, R. J., & Asl, H. D. (2015). Review of constructivism and social constructivism. Journal of Social 
Sciences, Literature and Languages, 1(1), 9-16.  
 
Andersen, L. W., Holmberg, M. J., Berg, K. M., Donnino, M. W., & Granfeldt, A. (2019). In-Hospital 
Cardiac Arrest: A Review. Jama, 321(12), 1200-1210. doi:10.1001/jama.2019.1696 
 
Arithra Abdullah, A., Nor, J., Baladas, J., Tg Hamzah, T. M. A., Tuan Kamauzaman, T. H., Md Noh, A. 
Y., & Rahman, A. (2019). E-learning in advanced cardiac life support: Outcome and attitude among 
healthcare professionals. Hong Kong Journal of Emergency Medicine, 1024907919857666.  
 
Aufderheide, T. P., Nolan, J. P., Jacobs, I. G., Van Belle, G., Bobrow, B. J., Marshall, J., . . . Cameron, 
P. (2013). Global health and emergency care: a resuscitation research agenda�² part 1. Academic 
Emergency Medicine, 20(12), 1289-1296.  
 
Ausubel, D., Novak, J., & Hanesian, H. Educational psychology: A cognitive view 1968 New York Holt. 
Rinehart and Winston.  
 
Badyal, D. K., & Singh, T. (2017). Learning Theories: The Basics to Learn in Medical Education. Int J 
Appl Basic Med Res, 7(Suppl 1), S1-S3. doi:10.4103/ijabmr.IJABMR_385_17 
 
Balian, S., McGovern, S. K., Abella, B. S., Blewer, A. L., & Leary, M. (2019). Feasibility of an augmented 
reality cardiopulmonary resuscitation training system for health care providers. Heliyon, 5(8), e02205. 
doi:10.1016/j.heliyon.2019.e02205 
 
Bandura, A., & Walters, R. H. (1963). Social learning and personality development.  
 
Bang, A. T., Bang, R. A., Baitule, S. B., Reddy, M. H., & Deshmukh, M. D. (1999). Effect of home-based 
neonatal care and management of sepsis on neonatal mortality: field trial in rural India. Lancet, 
354(9194), 1955-1961. doi:10.1016/S0140-6736(99)03046-9 
 
Barelli, A., & Scapigliati, A. (2010). The four-stage approach to teaching skills: the end of a dogma? 
Resuscitation, 81(12), 1607-1608. doi:10.1016/j.resuscitation.2010.09.010 
 
 
 



 143 

Baskett, P. (2004). Progress of the advanced life support courses in Europe and beyond. Resuscitation, 
62(3), 311-313. doi:10.1016/j.resuscitation.2004.05.009 
 
Becker, L. A., & Oxman, A. D. (2008). 22 Overviews of reviews. Cochrane handbook for systematic 
reviews of interventions, 607.  
 
Ben-Abraham, R., Stein, M., Paret, G., Cohen, R., Shemer, J., Rivkind, A., & Kluger, Y. (1999). Factors 
contributing to physicians' success in the advanced trauma life support program in Israel. Isr Med Assoc 
J, 1(3), 169-171. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/10731327 
 
Beom, J. H., Kim, J. H., Chung, H. S., Kim, S. M., Ko, D. R., & Cho, J. (2018). Flipped-classroom training 
in advanced cardiopulmonary life support. PloS one, 13(9), e0203114.  
doi:10.1371/journal.pone.0203114 
 
Bergum, D., Nordseth, T., Mjølstad, O. C., Haugen, B. O., & Skogvoll, E. (2010). Reversible causes in 
one-fourth of in-hospital cardiac arrests of non-cardiac origin. Resuscitation, 81(2), S43. 
doi:10.1016/j.resuscitation.2010.09.182 
 
Berkelhamer, S. K., Kamath-Rayne, B. D., & Niermeyer, S. (2016). Neonatal Resuscitation in Low-
Resource Settings. Clin Perinatol, 43(3), 573-591. doi:10.1016/j.clp.2016.04.013 
 
Bhanji, F., Donoghue, A. J., Wolff, M. S., Flores, G. E., Halamek, L. P., Berman, J. M., . . . Cheng, A. 
(2015a). Part 14: Education: 2015 American Heart Association Guidelines Update for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care. Circulation, 132(18 Suppl 2), S561-573. 
doi:10.1161/CIR.0000000000000268 
 
Bhanji, F., Finn, J. C., Lockey, A., Monsieurs, K., Frengley, R., Iwami, T., . . . Teams Chapter, C. 
(2015b). Part 8: Education, Implementation, and Teams: 2015 International Consensus on 
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment 
Recommendations. Circulation, 132(16 Suppl 1), S242-268. doi:10.1161/CIR.0000000000000277 
 
Biarent, D. (2005). International Liaison Committee on Resuscitation.: 2005 International Consensus 
on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment 
Recommendations. Circulation, 112(22), 1-136.  
 
Bjørnshave, K., Krogh, L. Q., Hansen, S. B., Nebsbjerg, M. A., Thim, T., & Løfgren, B. (2018). Teaching 
basic life support with an automated external defibrillator using the two-stage or the four-stage teaching 
technique. European Journal of Emergency Medicine, 25(1), 18-24.  
 
Bomholt, K. B., Krogh, L. Q., Bomholt, S. R., Nebsbjerg, M. A., Thim, T., & Løfgren, B. (2019). Three-
Month Retention of Basic Life Support with an Automated External Defibrillator Using a Two-Stage 
versus Four-Stage Teaching Technique. BioMed Research International, 2019.  
 
Böttiger, B., Lockey, A., Aickin, R., Bertaut, T., Castren, M., de Caen, A., . . . Georgiou, M. (2019). Over 
675,000 lay people trained in cardiopulmonary resuscitation worldwide-The" World Restart a Heart 
(WRAH)" initiative 2018. Resuscitation, 138, 15.  
Retrieved from https://www.resuscitationjournal.com/article/S0300-9572(19)30050-4/pdf 
 
Bottiger, B. W., Semeraro, F., Altemeyer, K. H., Breckwoldt, J., Kreimeier, U., Rucker, G., . . . Wingen, 
S. (2017). KIDS SAVE LIVES: School children education in resuscitation for Europe and the world. Eur 
J Anaesthesiol, 34(12), 792-796. doi:10.1097/EJA.0000000000000713 
 
Boutron, I., Dutton, S., Ravaud, P., & Altman, D. G. (2010). Reporting and interpretation of randomized 
controlled trials with statistically nonsignificant results for primary outcomes. Jama, 303(20), 2058-2064. 
doi:10.1001/jama.2010.651 
 
Boysen-Osborn, M., Anderson, C. L., Navarro, R., Yanuck, J., Strom, S., McCoy, C. E., . . . Langdorf, 
M. I. (2016). Flipping the advanced cardiac life support classroom with team-based learning: 
comparison of cognitive testing performance for medical students at the University of California, Irvine, 
United State. Journal of educational evaluation for health professions, 13.  



 144 

Bradley, C., Erice, M., Halfer, D., Jordan, K., Lebaugh, D., Opperman, C., . . . Stephen, J. (2007). The 
impact of a blended learning approach on instructor and learner satisfaction with preceptor education. 
J Nurses Staff Dev, 23(4), 164-170; quiz 171-162. doi:10.1097/01.NND.0000281415.97106.41 
 
Brown, T., Zoghi, M., Williams, B., Jaberzadeh, S., Roller, L., Palermo, C., . . . Schneider-Kolsky, M. 
(2009). Are learning style preferences of health science students predictive of their attitudes towards e-
learning? Australasian Journal of Educational Technology, 25(4).  
 
Bruner, J. S. (1966). Toward a theory of instruction (Vol. 59): Harvard University Press. 
 
Bullock, I. (2000). Skill acquisition in resuscitation. Resuscitation, 45(2), 139-143. doi:10.1016/s0300-
9572(00)00171-4 
 
Bullock, I., Davis, M., Lockey, A., & Mackway-Jones, K. (2016). Pocket guide to teaching for clinical 
instructors: Wiley Online Library. 
 
Camp, B. N., Parish, D. C., & Andrews, R. H. (1997). Effect of advanced cardiac life support training on 
resuscitation efforts and survival in a rural hospital. Ann Emerg Med, 29(4), 529-533. 
doi:10.1016/s0196-0644(97)70228-2 
 
Carroll, C., Booth, A., Papaioannou, D., Sutton, A., & Wong, R. (2009). UK health-care professionals' 
experience of on-line learning techniques: a systematic review of qualitative data. J Contin Educ Health 
Prof, 29(4), 235-241. doi:10.1002/chp.20041 
 
Chamberlain, D. A., & Hazinski, M. F. (2003). Education in resuscitation. Resuscitation, 59(1), 11-43. 
Retrieved from https://www.resuscitationjournal.com/article/S0300-9572(03)00322-8/fulltext 
 
Chapman, D. M., & Calhoun, J. G. (2006). Validation of learning style measures: implications for 
medical education practice. Med Educ, 40(6), 576-583. doi:10.1111/j.1365-2929.2006.02476.x 
 
Cheng, A., Lockey, A., Bhanji, F., Lin, Y., Hunt, E. A., & Lang, E. (2015). The use of high-fidelity 
manikins for advanced life support training�² a systematic review and meta-analysis. Resuscitation, 93, 
142-149. Retrieved from https://www.resuscitationjournal.com/article/S0300-9572(15)00152-5/fulltext 
 
Cheng, A., Nadkarni, V. M., Mancini, M. B., Hunt, E. A., Sinz, E. H., Merchant, R. M., . . . Outcomes, R. 
(2018). Resuscitation Education Science: Educational Strategies to Improve Outcomes From Cardiac 
Arrest: A Scientific Statement From the American Heart Association. Circulation, 138(6), e82-e122. 
doi:10.1161/CIR.0000000000000583 
 
Christenson, J., Parrish, K., Barabe, S., Noseworthy, R., Williams, T., Geddes, R., & Chalmers, A. 
(1998). A comparison of multimedia and standard advanced cardiac life support learning. Acad Emerg 
Med, 5(7), 702-708. doi:10.1111/j.1553-2712.1998.tb02489.x 
 
Clark, D. (2002). Psychological myths in e-learning. Med Teach, 24(6), 598-604. 
doi:10.1080/0142159021000063916 
 
Clark, R. C., & Mayer, R. E. (2016). E-learning and the science of instruction: Proven guidelines for 
consumers and designers of multimedia learning: John Wiley & Sons. 
 
Committee, A. F. P. (2016). The UK Foundation Programme Curriculum. Retrieved from 
https://foundationprogramme.nhs.uk/wp-content/uploads/sites/2/2019/11/FP_Curriculum_2016_V2-
1_0.pdf 
 
Cook, D. A., Levinson, A. J., Garside, S., Dupras, D. M., Erwin, P. J., & Montori, V. M. (2008). Internet-
based learning in the health professions: a meta-analysis. Jama, 300(10), 1181-1196. 
doi:10.1001/jama.300.10.1181 
 
 
 



 145 

Cummins, R. O., & Chamberlain, D. A. (1997). Advisory statements of the International Liaison 
Committee on Resuscitation. Circulation, 95(8), 2172-2173. doi:10.1161/01.cir.95.8.2172 
 
Dane, F. C., Russell-Lindgren, K. S., Parish, D. C., Durham, M. D., & Brown Jr, T. D. (2000). In-hospital 
resuscitation: association between ACLS training and survival to discharge. Resuscitation, 47(1), 83-
87. Retrieved from https://www.resuscitationjournal.com/article/S0300-9572(00)00210-0/fulltext 
 
Darr, L. R. (2000). Advanced cardiac life support education: a self-directed, scenario-based approach. 
J Contin Educ Nurs, 31(3), 116-120; quiz 142-113.  
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/11111510 
 
Dede, C. (2005). Planning for neomillennial learning styles. Educause Quarterly, 28(1), 7-12.  
 
Delasobera, B. E., Goodwin, T. L., Strehlow, M., Gilbert, G., D'Souza, P., Alok, A., . . . Mahadevan, S. 
V. (2010). Evaluating the efficacy of simulators and multimedia for refreshing ACLS skills in India. 
Resuscitation, 81(2), 217-223. doi:10.1016/j.resuscitation.2009.10.013 
 
Diaz, D. P., & Cartnal, R. B. (1999). Students' learning styles in two classes: Online distance learning 
and equivalent on-campus. College teaching, 47(4), 130-135.  
 
Dille, B., & Mezack, M. (1991). Identifying predictors of high risk among community college telecourse 
students. American journal of distance education, 5(1), 24-35.  
 
Downes, S. (2010). New technology supporting informal learning. Journal of emerging technologies in 
web intelligence, 2(1), 27-33.  
 
Dunleavy, G., Nikolaou, C. K., Nifakos, S., Atun, R., Law, G. C. Y., & Tudor Car, L. (2019). Mobile 
Digital Education for Health Professions: Systematic Review and Meta-Analysis by the Digital Health 
Education Collaboration. J Med Internet Res, 21(2), e12937. doi:10.2196/12937 
 
Einav, S., Wacht, O., Kaufman, N., & Alkalay, E. (2017). Cardiopulmonary arrest in primary care clinics: 
more holes than cheese: a survey of the knowledge and attitudes of primary care physicians regarding 
resuscitation. Israel journal of health policy research, 6(1), 22.  
 
Findlay, G., Shotton, H., Kelly, K., & Mason, M. (2012). Time to intervene. A review of patients who 
underwent cardiopulmonary resuscitation as a result of an in-hospital cardiorespiratory arrest. A report 
by the National Confidential Enquiry into Patient Outcome and Death. National Confidential Enquiry into 
Patient Outcome and Death (NCEPOD). London: NCEPOD.  
 
Fischer, H., Strunk, G., Neuhold, S., Kiblbock, D., Trimmel, H., Baubin, M., . . . Greif, R. (2012). The 
effectiveness of ERC advanced life support (ALS) provider courses for the retention of ALS knowledge. 
Resuscitation, 83(2), 227-231. doi:10.1016/j.resuscitation.2011.09.014 
 
Garrison, D. R., & Kanuka, H. (2004). Blended learning: Uncovering its transformative potential in higher 
education. The internet and higher education, 7(2), 95-105.  
 
Gee, D. B. (1990). The Impact of Students' Preferred Learning Style Variables in a Distance Education 
Course: A Case Study.  
 
George, P. P., Ooi, C. K., Leong, E., Jarbrink, K., Car, J., & Lockwood, C. (2018). Return on investment 
in blended advanced cardiac life support training compared to face-to-face training in Singapore. 
Proceedings of Singapore Healthcare, 27(4), 234-242.  
 
George, P. P., Zhabenko, O., Kyaw, B. M., Antoniou, P., Posadzki, P., Saxena, N., . . . Lockwood, C. 
(2019). Online digital education for postregistration training of medical doctors: systematic review by 
the Digital Health Education Collaboration. Journal of medical Internet research, 21(2), e13269.  
 
 



 146 

Gerard, J. M., Scalzo, A. J., Laffey, S. P., Sinks, G., Fendya, D., & Seratti, P. (2006). Evaluation of a 
novel Web-based pediatric advanced life support course. Arch Pediatr Adolesc Med, 160(6), 649-655. 
doi:10.1001/archpedi.160.6.649 
 
Gill, C. J., Phiri-Mazala, G., Guerina, N. G., Kasimba, J., Mulenga, C., MacLeod, W. B., . . . Hamer, D. 
H. (2011). Effect of training traditional birth attendants on neonatal mortality (Lufwanyama Neonatal 
Survival Project): randomised controlled study. Bmj, 342, d346. doi:10.1136/bmj.d346 
 
Goh, J., & Clapham, M. (2014). Attitude to e�±learning among newly qualified doctors. The clinical 
teacher, 11(1), 20-23. Retrieved from https://onlinelibrary.wiley.com/doi/abs/10.1111/tct.12117 
 
Grady, C. L., & Craik, F. I. (2000). Changes in memory processing with age. Curr Opin Neurobiol, 10(2), 
224-231. doi:10.1016/s0959-4388(00)00073-8 
 
Graham, C. R. (2006). Blended learning systems. The handbook of blended learning, 3-21.  
 
Graham, R., McCoy, M. A., & Schultz, A. M. (2015). Strategies to improve cardiac arrest survival: a time 
to act: National Academies Press Washington, DC. 
 
Grasha, A. F., & Yangarber-Hicks, N. (2000). Integrating teaching styles and learning styles with 
instructional technology. College teaching, 48(1), 2-10.  
 
Graven, M. (2003). Wenger, E. (1998). Communities of practice: Learning, meaning and identity. 
Journal of Mathematics Teacher Education, 6(2), 185-194. doi:10.1023/a:1023947624004 
 
Greenhalgh, T. (1997). How to read a paper: getting your bearings (deciding what the paper is about). 
Bmj, 315(7102), 243-246.  
Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127173/pdf/9253275.pdf 
 
Greif, R., Egger, L., Basciani, R. M., Lockey, A., & Vogt, A. (2010). Emergency skill training--a 
randomized controlled study on the effectiveness of the 4-stage approach compared to traditional 
clinical teaching. Resuscitation, 81(12), 1692-1697. doi:10.1016/j.resuscitation.2010.09.478 
 
Guyatt, G. H., Oxman, A. D., Vist, G. E., Kunz, R., Falck-Ytter, Y., Alonso-Coello, P., . . . Group, G. W. 
(2008). GRADE: an emerging consensus on rating quality of evidence and strength of 
recommendations. Bmj, 336(7650), 924-926. doi:10.1136/bmj.39489.470347.AD 
 
Halverson, A. L., DaRosa, D. A., Borgstrom, D. C., Caropreso, P. R., Hughes, T. G., Hoyt, D. B., & 
Sachdeva, A. K. (2014). Evaluation of a blended learning surgical skills course for rural surgeons. Am 
J Surg, 208(1), 136-142. doi:10.1016/j.amjsurg.2013.12.039 
 
Harden, R., & Crosby, J. (2000). AMEE Guide No 20: The good teacher is more than a lecturerÐthe 
twelve roles of the teacher. Medical teacher, 22(4), 334-347.  
 
Harding, A., Kaczynski, D., & Wood, L. (2012). Evaluation of blended learning: analysis of qualitative 
data. Paper presented at the Proceedings of The Australian Conference on Science and Mathematics 
Education (formerly UniServe Science Conference). 
 
Haywood, K., Whitehead, L., Nadkarni, V. M., Achana, F., Beesems, S., Böttiger, B. W., . . . Hazinski, 
M. F. (2018). COSCA (Core Outcome Set for Cardiac Arrest) in adults: an advisory statement from the 
International Liaison Committee on Resuscitation. Circulation, 137(22), e783-e801. Retrieved from 
https://www.ahajournals.org/doi/pdf/10.1161/CIR.0000000000000562 
 
Henri, F., & Pudelko, B. (2003). Understanding and analysing activity and learning in virtual 
communities. Journal of Computer Assisted Learning, 19(4), 474-487.  
 
 
 



 147 

Herbert, C., Velan, G. M., Pryor, W. M., & Kumar, R. K. (2017). A model for the use of blended learning 
in large group teaching sessions. BMC medical education, 17(1), 197. Retrieved from 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5680783/pdf/12909_2017_Article_1057.pdf 
 
Hodgetts, T. J., Kenward, G., Vlachonikolis, I. G., Payne, S., & Castle, N. (2002). The identification of 
risk factors for cardiac arrest and formulation of activation criteria to alert a medical emergency team. 
Resuscitation, 54(2), 125-131. doi:10.1016/s0300-9572(02)00100-4 
 
Hopstock, L. A. (2008). Motivation and adult learning: a survey among hospital personnel attending a 
CPR course. Resuscitation, 76(3), 425-430.  
Retrieved from https://www.resuscitationjournal.com/article/S0300-9572(07)00498-4/fulltext 
 
Jayaraman, S., Sethi, D., Chinnock, P., & Wong, R. (2014). Advanced trauma life support training for 
hospital staff. Cochrane Database Syst Rev(8), CD004173. doi:10.1002/14651858.CD004173.pub4 
 
Jensen, M. L., Mondrup, F., Lippert, F., & Ringsted, C. (2009). Using e-learning for maintenance of ALS 
competence. Resuscitation, 80(8), 903-908.  
Retrieved from https://www.resuscitationjournal.com/article/S0300-9572(09)00316-5/fulltext 
 
Jonas, D., & Burns, B. (2010). The transition to blended e-learning. Changing the focus of educational 
delivery in children's pain management. Nurse Educ Pract, 10(1), 1-7. doi:10.1016/j.nepr.2009.01.015 
 
Jonassen, D. H. (1992). Evaluating constructivistic learning. Constructivism and the technology of 
instruction: A conversation, 137-148.  
 
Kämäräinen, L. (2005). Does it matter where and when you will be trained in cardiopulmonary 
resuscitation?: A study on CPR skills in Finland.  
http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A732833&dswid=-5424 
 
Kelly, A., Darren, L., Nitan, G., Anthony, C., Agata, D., Benjamin, W., . . . Bould, D. (2019). Improving 
skills retention after advanced structured resuscitation training: a systematic review of randomized 
controlled trials. Resuscitation. 138;284-296 
 
Key Statistics from the National Cardiac Arrest Audit 2018/19. (2019). Retrieved from 
https://www.icnarc.org/DataServices/Attachments/Download/510fe606-a30b-ea11-911e-
00505601089b 
 
Khalil, M. K., & Elkhider, I. A. (2016). Applying learning theories and instructional design models for 
effective instruction. Advances in physiology education, 40(2), 147-156. 
  
Kimble, C., Hildreth, P., & Wright, P. (2001). Communities of practice: going virtual. In Knowledge 
management and business model innovation (pp. 216-230): IGI Global. 
 
Kirkpatrick, D., & Kirkpatrick, J. (2006). Evaluating training programs: The four levels: Berrett-Koehler 
Publishers. 
 
Knowles, M. (1990). The adult learner: A neglected species. Houston. TX: Gulf Publishing.  
 
Kok, A. (2009). Understanding the Technology Enhanced Learning Environments from a Cognitive 
Perspective. International Education Studies, 2(4), 3-9.  
 
Kolb, D. (1975). Towards an applied theory of experiential learning. Theories of Group Process., 33-
56.  
 
Lærdal. (2008). MicroSim. Retrieved from https://www.laerdal.com/gb/docid/5899175/MicroSim 
 
 
 



 148 

Langdorf, M. I., Anderson, C. L., Navarro, R. E., Strom, S., McCoy, C. E., Youm, J., & Ypma-Wong, M. 
F. (2018). Comparing the Results of Written Testing for Advanced Cardiac Life Support Teaching Using 
Team-�E�D�V�H�G���/�H�D�U�Q�L�Q�J���D�Q�G���W�K�H���³�)�O�L�S�S�H�G���&�O�D�V�V�U�R�R�P�´���6�W�U�D�W�Hgy. Cureus, 10(5).  
 
Lascarrou, J. B., Merdji, H., Le Gouge, A., Colin, G., Grillet, G., Girardie, P., . . . Group, C.-T. (2019). 
Targeted Temperature Management for Cardiac Arrest with Nonshockable Rhythm. N Engl J Med, 
381(24), 2327-2337. doi:10.1056/NEJMoa1906661 
 
Lau, Y., Nyoe, R. S. S., Wong, S. N., Ab Hamid, Z. B., Leong, B. S., & Lau, S. T. (2018). Effectiveness 
of digital resuscitation training in improving knowledge and skills: A systematic review and meta-
analysis of randomised controlled trials. Resuscitation, 131, 14-23.  
doi:10.1016/j.resuscitation.2018.07.033 
 
Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation: Cambridge 
university press. 
 
Lew, E. K. (2016). Creating a contemporary clerkship curriculum: the flipped classroom model in 
emergency medicine. Int J Emerg Med, 9(1), 25. doi:10.1186/s12245-016-0123-6 
 
Liu, Q., Peng, W., Zhang, F., Hu, R., Li, Y., & Yan, W. (2016). The Effectiveness of Blended Learning 
in Health Professions: Systematic Review and Meta-Analysis. J Med Internet Res, 18(1), e2. 
doi:10.2196/jmir.4807 
 
Lockey, A. (2015). Resuscitation Council UK Guidelines. Retrieved from 
https://www.resus.org.uk/resuscitation-guidelines/education-and-implementation-of-resuscitation/ 
 
Lockey, A. (2017). Advanced Life Support (ALS) Course - the past to the present Retrieved from 
https://www.resus.org.uk/publications/history-of-als/ 
 
Lockey, A. (2020). Patient outcomes as a result of a member of the resuscitation team attending an 
ALS course (EIT): Systematic Review. Retrieved from https://costr.ilcor.org/document/patient-
outcomes-as-a-result-of-a-member-of-the-resuscitation-team-attending-an-als-course-tfsr-costr 
 
Lockey, A., Lin, Y., & Cheng, A. (2018). Impact of adult advanced cardiac life support course 
participation on patient outcomes-A systematic review and meta-analysis. Resuscitation, 129, 48-54. 
doi:10.1016/j.resuscitation.2018.05.034 
 
Lockey, A. S., Dyal, L., Kimani, P. K., Lam, J., Bullock, I., Buck, D., . . . Perkins, G. D. (2015). Electronic 
learning in advanced resuscitation training: The perspective of the candidate. Resuscitation, 97, 48-54. 
doi:10.1016/j.resuscitation.2015.09.391 
 
Lott, C., Abbas Khalifa, G., Ballance, J., Domanovits, H., Lockey, A., & Perkins, G. (2015). Advanced 
Life Support Course Manual: ERC guidelines 2015 edition. Niel (Belgium): European Resuscitation 
Council.  
 
Lowenstein, S. R., Sabyan, E. M., Lassen, C. F., & Kern, D. C. (1986). Benefits of training physicians 
in advanced cardiac life support. Chest, 89(4), 512-516. doi:10.1378/chest.89.4.512 
 
�0�D�N�K�G�R�R�P�����1�������.�K�R�V�K�K�D�O�����.�����,�������$�O�J�D�L�G�L�����6�������+�H�L�V�V�D�P�����.�������	���=�R�O�D�O�\�����0�����$���������������������µ�%�O�H�Q�G�H�G���O�H�D�U�Q�L�Q�J�¶�D�V��
an effective teaching and learning strategy in clinical medicine: a comparative cross-sectional 
university-based study. Journal of taibah university medical sciences, 8(1), 12-17.  
 
Makker, R., Gray-Siracusa, K., & Evers, M. (1995). Evaluation of advanced cardiac life support in a 
community teaching hospital by use of actual cardiac arrests. Heart & Lung: The Journal of Acute and 
Critical Care, 24(2), 116-120.  
 
 
 
 



 149 

Markett, C., Sánchez, I. A., Weber, S., & Tangney, B. (2006). Using short message service to 
encourage interactivity in the classroom. Computers & Education, 46(3), 280-293. 
  
Martínez, J. A. C., Delgado, R. C., Fernández, E. F., & González, P. A. (2018). Self-Perception of 
Theoretical Knowledge and Practical Skills by Primary Health Care Physicians in Life-Threatening 
Emergencies. Prehospital and disaster medicine, 33(5), 508-518.  
 
McCutcheon, K., Lohan, M., Traynor, M., & Martin, D. (2015). A systematic review evaluating the impact 
of online or blended learning vs. face-to-face learning of clinical skills in undergraduate nurse education. 
J Adv Nurs, 71(2), 255-270. doi:10.1111/jan.12509 
 
McDonald, K., & Smith, C. M. (2013). The flipped classroom for professional development: part I. 
Benefits and strategies. J Contin Educ Nurs, 44(10), 437-438. doi:10.3928/00220124-20130925-19 
 
Meaney, P. A., Topjian, A. A., Chandler, H. K., Botha, M., Soar, J., Berg, R. A., & Nadkarni, V. M. 
(2010). Resuscitation training in developing countries: a systematic review. Resuscitation, 81(11), 
1462-1472. doi:10.1016/j.resuscitation.2010.06.024 
 
Merriel, A., Ficquet, J., Barnard, K., Kunutsor, S. K., Soar, J., Lenguerrand, E., . . . Siassakos, D. (2019). 
The effects of interactive training of healthcare providers on the management of life-threatening 
emergencies in hospital. Cochrane Database Syst Rev, 9(9), CD012177. 
doi:10.1002/14651858.CD012177.pub2 
 
Milanese, S. F., Grimmer-Somers, K., Souvlis, T., Innes-Walker, K., & Chipchase, L. S. (2014). Is a 
blended learning approach effective for learning in allied health clinicians? Physical therapy reviews, 
19(2), 86-93.  
 
Mobily, M., Branco, B. C., Joseph, B., Hernandez, N., Catalano, R. D., Judkins, D. G., . . . Tang, A. L. 
(2015). Predictors of failure in the Advanced Trauma Life Support course. Am J Surg, 210(5), 942-946. 
doi:10.1016/j.amjsurg.2015.03.007 
 
Mohammad, A., Branicki, F., & Abu-Zidan, F. M. (2014). Educational and clinical impact of Advanced 
Trauma Life Support (ATLS) courses: a systematic review. World J Surg, 38(2), 322-329.  
doi:10.1007/s00268-013-2294-0 
 
Monsieurs, K. G., Nolan, J. P., Bossaert, L. L., Greif, R., Maconochie, I. K., Nikolaou, N. I., . . . Group, 
E. R. C. G. W. (2015). European Resuscitation Council Guidelines for Resuscitation 2015: Section 1. 
Executive summary. Resuscitation, 95, 1-80. doi:10.1016/j.resuscitation.2015.07.038 
 
Moretti, M. A., Cesar, L. A., Nusbacher, A., Kern, K. B., Timerman, S., & Ramires, J. A. (2007). 
Advanced cardiac life support training improves long-term survival from in-hospital cardiac arrest. 
Resuscitation, 72(3), 458-465. doi:10.1016/j.resuscitation.2006.06.039 
 
Morton, C. E., Saleh, S. N., Smith, S. F., Hemani, A., Ameen, A., Bennie, T. D., & Toro-Troconis, M. 
(2016). Blended learning: how can we optimise undergraduate student engagement? BMC medical 
education, 16(1), 195.  
 
Mosley, C., Dewhurst, C., Molloy, S., & Shaw, B. N. (2012). What is the impact of structured 
resuscitation training on healthcare practitioners, their clients and the wider service? A BEME 
systematic review: BEME Guide No. 20. Medical teacher, 34(6), e349-e385. Retrieved from 
https://www.tandfonline.com/doi/pdf/10.3109/0142159X.2012.681222?needAccess=true 
 
Mozaffarian, D., Benjamin, E. J., Go, A. S., Arnett, D. K., Blaha, M. J., Cushman, M., . . . Fullerton, H. 
J. (2016). Executive summary: heart disease and stroke statistics�² 2016 update: a report from the 
American Heart Association. Circulation, 133(4), 447-454.  
 
 
 



 150 

Nacca, N., Holliday, J., & Ko, P. Y. (2014). Randomized trial of a novel ACLS teaching tool: does it 
improve student performance? Western Journal of Emergency Medicine, 15(7), 913. Retrieved from 
https://escholarship.org/content/qt4bj76534/qt4bj76534.pdf?t=p7dpog 
 
Nagendrababu, V., Pulikkotil, S. J., Sultan, O. S., Jayaraman, J., Soh, J. A., & Dummer, P. M. H. (2019). 
Effectiveness of technology-enhanced learning in Endodontic education: a systematic review and meta-
analysis. Int Endod J, 52(2), 181-192. doi:10.1111/iej.12995 
 
Neumar, R. W., & Perkins, G. D. (2018). Future Vision for ILCOR and Its Role in the Global 
Resuscitation Community. Circulation, 138(11), 1085-1087.  
 
Nicholson, P. (2007). A history of e-learning. In Computers and education (pp. 1-11): Springer. 
 
Nolan, J. P., Hazinski, M. F., Aickin, R., Bhanji, F., Billi, J. E., Callaway, C. W., . . . Zideman, D. A. 
(2015). Part 1: Executive summary: 2015 International Consensus on Cardiopulmonary Resuscitation 
and Emergency Cardiovascular Care Science with Treatment Recommendations. Resuscitation, 95, 
e1-31. doi:10.1016/j.resuscitation.2015.07.039 
 
Nolan, J. P., Hazinski, M. F., Billi, J. E., Boettiger, B. W., Bossaert, L., de Caen, A. R., . . . Hickey, R. 
W. (2010). Part 1: executive summary: 2010 international consensus on cardiopulmonary resuscitation 
and emergency cardiovascular care science with treatment recommendations. Resuscitation, 81(1), 
e1-e25.  
 
Nolan, J. P., Soar, J., Smith, G. B., Gwinnutt, C., Parrott, F., Power, S., . . . National Cardiac Arrest, A. 
(2014). Incidence and outcome of in-hospital cardiac arrest in the United Kingdom National Cardiac 
Arrest Audit. Resuscitation, 85(8), 987-992. doi:10.1016/j.resuscitation.2014.04.002 
 
Nortvig, A.-M., Petersen, A. K., & Balle, S. H. (2018). A Literature Review of the Factors Influencing E-
Learning and Blended Learning in Relation to Learning Outcome, Student Satisfaction and 
Engagement. Electronic Journal of e-Learning, 16(1), 46-55.  
 
Nunes, M. B., & McPherson, M. (2003). Constructivism vs. Objectivism: Where is difference for 
Designers of e-Learning Environments? Paper presented at the Proceedings 3rd IEEE International 
Conference on Advanced Technologies. 
 
Orde, S., Celenza, A., & Pinder, M. (2010). A randomised trial comparing a 4-stage to 2-stage teaching 
technique for laryngeal mask insertion. Resuscitation, 81(12), 1687-1691.  
doi:10.1016/j.resuscitation.2010.05.026 
 
Paechter, M., & Maier, B. (2010). Online or face-to-face? Students' experiences and preferences in e-
learning. The internet and higher education, 13(4), 292-297.  
 
Pantazopoulos, I., Aggelina, A., Barouxis, D., Papapanagiotou, P., Troupis, G., Kotsiomitis, E., . . . 
Xanthos, T. (2011). Cardiologists' knowledge of the 2005 American Heart Association Resuscitation 
Guidelines: The Athens Study. Heart Lung, 40(4), 278-284. doi:10.1016/j.hrtlng.2011.01.009 
 
Passali, C., Pantazopoulos, I., Dontas, I., Patsaki, A., Barouxis, D., Troupis, G., & Xanthos, T. (2011). 
Evaluation of nurses' and doctors' knowledge of basic & advanced life support resuscitation guidelines. 
Nurse Educ Pract, 11(6), 365-369. doi:10.1016/j.nepr.2011.03.010 
 
Patel, A., Khatib, M. N., Kurhe, K., Bhargava, S., & Bang, A. (2017). Impact of neonatal resuscitation 
trainings on neonatal and perinatal mortality: a systematic review and meta-analysis. BMJ Paediatr 
Open, 1(1), e000183. doi:10.1136/bmjpo-2017-000183 
 
Pendleton, D. (1984). The consultation: an approach to learning and teaching: Oxford University Press. 
 
 
 
 



 151 

Pereira, J. A., Pleguezuelos, E., Merí, A., Molina�æRos, A., Molina�æTomás, M. C., & Masdeu, C. (2007). 
Effectiveness of using blended learning strategies for teaching and learning human anatomy. Medical 
education, 41(2), 189-195. Retrieved from https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-
2929.2006.02672.x 
 
Perkins, G., & Lockey, A. (2002). The advanced life support provider course. Bmj, 325(7364), S81. 
doi:10.1136/bmj.325.7364.s81a 
 
Perkins, G. D., Davies, R. P., Stallard, N., Bullock, I., Stevens, H., & Lockey, A. (2007). Advanced life 
support cardiac arrest scenario test evaluation. Resuscitation, 75(3), 484-490.  
doi:10.1016/j.resuscitation.2007.05.020 
 
Perkins, G. D., Fullerton, J. N., Davis-Gomez, N., Davies, R. P., Baldock, C., Stevens, H., . . . Lockey, 
A. S. (2010). The effect of pre-course e-learning prior to advanced life support training: a randomised 
controlled trial. Resuscitation, 81(7), 877-881. doi:10.1016/j.resuscitation.2010.03.019 
 
Perkins, G. D., Kimani, P. K., Bullock, I., Clutton-Brock, T., Davies, R. P., Gale, M., . . . Electronic 
Advanced Life Support, C. (2012). Improving the efficiency of advanced life support training: a 
randomized, controlled trial. Ann Intern Med, 157(1), 19-28. doi:10.7326/0003-4819-157-1-201207030-
00005 
 
Peyton, J. (1998). The learning cycle. Teaching and learning in medical practice. Rickmansworth, UK: 
Manticore Europe Limited, 13-19.  
 
Piaget, J. (1953). The origin of intelligence in the child: Routledge and Kegan Paul. 
 
Pottle, A., & Brant, S. (2000). Does resuscitation training affect outcome from cardiac arrest? Accident 
and Emergency Nursing, 8(1), 46-51.  
 
Prunuske, A. J., Henn, L., Brearley, A. M., & Prunuske, J. (2016). A Randomized Crossover Design to 
Assess Learning Impact and Student Preference for Active and Passive Online Learning Modules. Med 
Sci Educ, 26(1), 135-141. doi:10.1007/s40670-015-0224-5 
 
Raspopovic, M., & Jankulovic, A. (2017). Performance measurement of e-learning using student 
satisfaction analysis. Information Systems Frontiers, 19(4), 869-880. 
  
Rees, C. E., & Monrouxe, L. V. (2010). Theory in medical education research: how do we get there? 
Medical education, 44(4), 334-339.  
Retrieved from https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2923.2009.03615.x 
 
River, J., Currie, J., Crawford, T., Betihavas, V., & Randall, S. (2016). A systematic review examining 
the effectiveness of blending technology with team-based learning. Nurse Educ Today, 45, 185-192. 
doi:10.1016/j.nedt.2016.08.012 
 
Rose, E., Claudius, I., Tabatabai, R., Kearl, L., Behar, S., & Jhun, P. (2016). The flipped classroom in 
emergency medicine using online videos with interpolated questions. The Journal of emergency 
medicine, 51(3), 284-291. e281.  
Retrieved from https://www.jem-journal.com/article/S0736-4679(16)30163-9/fulltext 
 
Ross, C. M., & Lukow, J. E. (2004). Are Learning Styles a Good Predictor for Integrating Instructional 
Technology into a Curriculum? Journal of Scholarship of teaching and learning, 4(1), 41-51.  
 
Rowe, M., Frantz, J., & Bozalek, V. (2012). The role of blended learning in the clinical education of 
healthcare students: a systematic review. Med Teach, 34(4), e216-221.  
doi:10.3109/0142159X.2012.642831 
 
Ruiz, J. G., Mintzer, M. J., & Leipzig, R. M. (2006). The impact of E-learning in medical education. Acad 
Med, 81(3), 207-212. doi:10.1097/00001888-200603000-00002 
 



 152 

�ù�D�K�L�Q�����0���������������������3�U�R�V���D�Q�G���F�R�Q�V���R�I���F�R�Q�Q�H�F�W�L�Y�L�V�P���D�V���D���O�H�D�U�Q�L�Q�J���W�K�H�R�U�\����International Journal of Physical 
and Social Sciences, 2(4), 437-454.  
 
Sanders, A. B., Berg, R. A., Burress, M., Genova, R. T., Kern, K. B., & Ewy, G. A. (1994). The efficacy 
of an ACLS training program for resuscitation from cardiac arrest in a rural community. Ann Emerg Med, 
23(1), 56-59. doi:10.1016/s0196-0644(94)70009-5 
 
Sandroni, C., Gonnella, G. L., De Waure, C., Cavallaro, F., La Torre, G., & Antonelli, M. (2010). Which 
factors predict candidate outcome in advanced life support courses? A preliminary observational study. 
Intensive care medicine, 36(9), 1521-1525.  
Retrieved from www.ncbi.nlm.nih.gov/pmc/articles/PMC2921049/pdf/134_2010_Article_1926.pdf 
 
Sandroni, C., Nolan, J., Cavallaro, F., & Antonelli, M. (2007). In-hospital cardiac arrest: incidence, 
prognosis and possible measures to improve survival. Intensive Care Med, 33(2), 237-245. 
doi:10.1007/s00134-006-0326-z 
 
Schünemann, H. (2013). The GRADE handbook: Cochrane Collaboration. 
 
Scott, K. M., Baur, L., & Barrett, J. (2017). Evidence-based principles for using technology-enhanced 
learning in the continuing professional development of health professionals. Journal of Continuing 
Education in the Health Professions, 37(1), 61-66.  
 
Semeraro, F., Scapigliati, A., Tammaro, G., Olcese, U., Cerchiari, E. L., & Ristagno, G. (2015). 
Advanced life support provider course in Italy: A 5-year nationwide study to identify the determinants of 
course success. Resuscitation, 96, 246-251. doi:10.1016/j.resuscitation.2015.08.006 
 
Shea, B. J., Grimshaw, J. M., Wells, G. A., Boers, M., Andersson, N., Hamel, C., . . . Bouter, L. M. 
(2007). Development of AMSTAR: a measurement tool to assess the methodological quality of 
systematic reviews. BMC Med Res Methodol, 7(1), 10. doi:10.1186/1471-2288-7-10 
 
Shea, B. J., Reeves, B. C., Wells, G., Thuku, M., Hamel, C., Moran, J., . . . Kristjansson, E. (2017). 
AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-randomised 
studies of healthcare interventions, or both. Bmj, 358, j4008.  
Retrieved from https://www.bmj.com/content/bmj/358/bmj.j4008.full.pdf 
 
Shorey, S., Siew, A. L., & Ang, E. (2018). Experiences of nursing undergraduates on a redesigned 
blended communication module: A descriptive qualitative study. Nurse Educ Today, 61, 77-82. 
doi:10.1016/j.nedt.2017.11.012 
 
Siemens, G. (2004). Connectivism: A learning theory for the digital age. elearnspace. In. 
 
Sissine, M., Segan, R., Taylor, M., Jefferson, B., Borrelli, A., Koehler, M., & Chelvayohan, M. (2014). 
Cost Comparison Model: Blended eLearning versus traditional training of community health workers. 
Online J Public Health Inform, 6(3), e196. doi:10.5210/ojphi.v6i3.5533 
 
Skinner, B. F. (1990). The behavior of organisms: An experimental analysis: BF Skinner Foundation. 
 
Smith, T., & Gordon, T. (2009). Developing spiritual and religious care competencies in practice: pilot 
of a Marie Curie blended learning event. Int J Palliat Nurs, 15(2), 86-92.  
doi:10.12968/ijpn.2009.15.2.39806 
 
So, H.-J., & Brush, T. A. (2008). Student perceptions of collaborative learning, social presence and 
satisfaction in a blended learning environment: Relationships and critical factors. Computers & 
Education, 51(1), 318-336.  
 
 
 
 
 



 153 

Soar, J., Mancini, M. E., Bhanji, F., Billi, J. E., Dennett, J., Finn, J., . . . Teams Chapter, C. (2010a). Part 
12: Education, implementation, and teams: 2010 International Consensus on Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations. 
Resuscitation, 81 Suppl 1(1), e288-330. doi:10.1016/j.resuscitation.2010.08.030 
 
Soar, J., Monsieurs, K. G., Ballance, J. H., Barelli, A., Biarent, D., Greif, R., . . . Perkins, G. D. (2010b). 
European Resuscitation Council Guidelines for Resuscitation 2010 Section 9. Principles of education 
in resuscitation. Resuscitation, 81(10), 1434-1444. doi:10.1016/j.resuscitation.2010.08.014 
 
Sodhi, K., Singla, M. K., & Shrivastava, A. (2011). Impact of advanced cardiac life support training 
program on the outcome of cardiopulmonary resuscitation in a tertiary care hospital. Indian J Crit Care 
Med, 15(4), 209-212. doi:10.4103/0972-5229.92070 
 
Soreide, E., Morrison, L., Hillman, K., Monsieurs, K., Sunde, K., Zideman, D., . . . Utstein Formula for 
Survival, C. (2013). The formula for survival in resuscitation. Resuscitation, 84(11), 1487-1493. 
doi:10.1016/j.resuscitation.2013.07.020 
 
Tan, E., Brainard, A., & Larkin, G. L. (2015). Acceptability of the flipped classroom approach for in-
house teaching in emergency medicine. Emerg Med Australas, 27(5), 453-459. doi:10.1111/1742-
6723.12454 
 
Taniguchi, D., Baernstein, A., & Nichol, G. (2012). Cardiac arrest: a public health perspective. Emerg 
Med Clin North Am, 30(1), 1-12. doi:10.1016/j.emc.2011.09.003 
 
Terry, V. R., Terry, P. C., Moloney, C., & Bowtell, L. (2018). Face-to-face instruction combined with 
online resources improves retention of clinical skills among undergraduate nursing students. Nurse 
education today, 61, 15-19.  
Retrieved from www.sciencedirect.com/science/article/abs/pii/S026069171730254X?via%3Dihub 
 
Thorne, C., Lockey, A., Bullock, I., Hampshire, S., Begum-Ali, S., & Perkins, G. (2015). E-learning in 
advanced life support�±an evaluation by the Resuscitation Council (UK). Resuscitation, 90, 79-84. 
Retrieved from https://www.resuscitationjournal.com/article/S0300-9572(15)00103-3/fulltext 
 
Thorne, C. J., Lockey, A. S., Kimani, P. K., Bullock, I., Hampshire, S., Begum-Ali, S., . . . Advanced Life 
Support Subcommittee of the Resuscitation, C. (2017). e-Learning in Advanced Life Support-What 
factors influence assessment outcome? Resuscitation, 114, 83-91.  
doi:10.1016/j.resuscitation.2017.02.014 
 
Valentina, C., Giovanna, A., Erika, N., Silvia, F., Maria, C. G., Gianfranco, M., & Leopoldo, S. (2019). 
�7�K�H���X�V�H���R�I���E�O�H�Q�G�H�G���O�H�D�U�Q�L�Q�J���W�R���L�P�S�U�R�Y�H���K�H�D�O�W�K���S�U�R�I�H�V�V�L�R�Q�D�O�V�¶���F�R�P�P�X�Q�L�F�D�W�L�R�Q���V�N�L�O�O�V�����D���O�L�W�H�U�D�W�X�U�H���Ueview. 
Acta Bio Medica: Atenei Parmensis, 90(Suppl 4), 17. 
  
Vasquez, K. (2009). Learning styles as self-fulfilling prophecies. Getting Culture: Incorporating Diversity 
Across the Curriculum, edited by R. Gurung and L. Prieto, 53-64.  
 
Viljoen, C. A., Millar, R. S., Engel, M. E., Shelton, M., & Burch, V. (2017). Is computer-assisted 
instruction more effective than other educational methods in achieving ECG competence among 
medical students and residents? Protocol for a systematic review and meta-analysis. BMJ open, 7(12), 
e018811.  
 
Voos, R. (2003). Blended learning: What is it and where might it take us. Sloan-C View, 2(1), 2-5.  
 
Vygotsky, L. S. (1980). Mind in society: The development of higher psychological processes: Harvard 
university press. 
 
 
 
 
 



 154 

Weidman, E. K., Bell, G., Walsh, D., Small, S., & Edelson, D. P. (2010). Assessing the impact of 
immersive simulation on clinical performance during actual in-hospital cardiac arrest with CPR-sensing 
technology: A randomized feasibility study. Resuscitation, 81(11), 1556-1561. 
doi:10.1016/j.resuscitation.2010.05.021 
 
Westerlaken, M., Christiaans-Dingelhoff, I., Filius, R. M., de Vries, B., de Bruijne, M., & van Dam, M. 
(2019). Blended learning for postgraduates; an interactive experience. BMC Med Educ, 19(1), 289. 
doi:10.1186/s12909-019-1717-5 
 
Williams, N. M. (2011). Advanced life support training and assessment: A literature review. Australasian 
Emergency Nursing Journal, 14(4), 240-245.  
 
Wissenberg, M., Lippert, F. K., Folke, F., Weeke, P., Hansen, C. M., Christensen, E. F., . . . Torp-
Pedersen, C. (2013). Association of national initiatives to improve cardiac arrest management with rates 
of bystander intervention and patient survival after out-of-hospital cardiac arrest. Jama, 310(13), 1377-
1384. doi:10.1001/jama.2013.278483 
 
Wong, C. X., Brown, A., Lau, D. H., Chugh, S. S., Albert, C. M., Kalman, J. M., & Sanders, P. (2019). 
Epidemiology of Sudden Cardiac Death: Global and Regional Perspectives. Heart Lung Circ, 28(1), 6-
14. doi:10.1016/j.hlc.2018.08.026 
 
Xie, Z. Z., Chen, J. J., Scamell, R. W., & Gonzalez, M. A. (1999). An interactive multimedia training 
system for advanced cardiac life support. Comput Methods Programs Biomed, 60(2), 117-131. 
doi:10.1016/s0169-2607(99)00015-2 
 
Yeung, J., Kovic, I., Vidacic, M., Skilton, E., Higgins, D., Melody, T., & Lockey, A. (2017). The school 
Lifesavers study-A randomised controlled trial comparing the impact of Lifesaver only, face-to-face 
training only, and Lifesaver with face-to-face training on CPR knowledge, skills and attitudes in UK 
school children. Resuscitation, 120, 138-145. doi:10.1016/j.resuscitation.2017.08.010 
 
Yeung, J., Perkins, G., Davies, R., Bullock, I., Lockey, A., Gwinnutt, C., . . . Hampshire, S. (2014). 
Introducing non-technical skills teaching to the resuscitation council (UK) advanced life support course. 
Resuscitation, 85, S71.  
 
 

  



 155 

Appendix 1 : ALS Programme 

 

 



 156 

 

 

 



 157 

Appendix 2 : e-ALS Programme 

 

 



 158 

 
Appendix 3: Literature search strategy for review of systematic reviews 

 

1 Medline ("systematic review" OR "systematic 
literature review" OR "systematic 
scoping review" OR "systematic 
narrative review" OR "systematic 
qualitative review" OR "systematic 
evidence review" OR "systematic 
quantitative review" OR "systematic 
meta-review" OR "systematic critical 
review" OR "systematic mixed studies 
review" OR "systematic mapping 
review" OR "systematic cochrane 
review" OR "systematic search and 
review" OR "systematic integrative 
review").ti,ab 

     150721 

2 Medline ((blended OR multifaceted OR hybrid) 
ADJ2 learning).ti,ab 

     962 

3 Medline ((blended OR multifaceted OR hybrid) 
ADJ2 teaching).ti,ab 

     101 

4 Medline ((inverted OR flipped OR face-to-face) 
ADJ2 (teaching OR learning)).ti,ab 

     480 

5 Medline ("technology enhanced learning").ti,ab      99 

6 Medline ("technology enhanced 
teaching").ti,ab 

     6 

7 Medline ((integrated OR computer-aided) 
ADJ2 (teaching OR learning)).ti,ab 

     1286 

8 Medline ((computer-assisted OR distributed) 
ADJ2 (teaching OR learning)).ti,ab 

     801 

9 Medline (hybrid ADJ2 (teaching OR 
learning)).ti,ab 

     322 

10  Medline Hospital ADJ2 (staff OR personnel) 
�2�5���³�K�H�D�O�W�K�F�D�U�H���S�H�U�V�R�Q�Q�H�O�´ 

     11651 

11 Medline LEARNING/ OR TEACHING/      106078 

12 Medline exp "EDUCATION, CONTINUING"/ 
OR exp "EDUCATION, MEDICAL, 
CONTINUING"/ OR exp 
"EDUCATION, NURSING, 
CONTINUING"/ 

     60543 

14 Medline *"COMPUTER-ASSISTED 
INSTRUCTION -- METHODS"/ 

     3461 

16 Medline *"EDUCATION, GRADUATE -- 
METHODS"/ 

     358 

18 Medline *"EDUCATION, PROFESSIONAL -- 
METHODS"/ 

     590 
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19 Medline (2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 
OR 9 OR 14) 

     6766 

20 Medline (11 OR 12 OR 14 OR 16 OR 18)      165687 

21 Medline (19 AND 20)      4490 

22 Medline (10 AND 21)      2181 

23 Medline (1 AND 22)      30 

24 CINAHL ("systematic review" OR "systematic 
literature review" OR "systematic 
scoping review" OR "systematic 
narrative review" OR "systematic 
qualitative review" OR "systematic 
evidence review" OR "systematic 
quantitative review" OR "systematic 
meta-review" OR "systematic critical 
review" OR "systematic mixed studies 
review" OR "systematic mapping 
review" OR "systematic cochrane 
review" OR "systematic search and 
review" OR "systematic integrative 
review").ti,ab 

     76687 

25 CINAHL ((blended OR multifaceted OR hybrid) 
ADJ2 learning).ti,ab 

     590 

26 CINAHL ((blended OR multifaceted OR hybrid) 
ADJ2 teaching).ti,ab 

     64 

27 CINAHL ((inverted OR flipped OR face-to-face) 
ADJ2 (teaching OR learning)).ti,ab 

     336 

28 CINAHL ("technology enhanced learning").ti,ab      84 

29 CINAHL ("technology enhanced 
teaching").ti,ab 

     7 

30 CINAHL ((integrated OR computer-aided) 
ADJ2 (teaching OR learning)).ti,ab 

     634 

31 CINAHL ((computer-assisted OR distributed) 
ADJ2 (teaching OR learning)).ti,ab 

     312 

32 CINAHL (hybrid ADJ2 (teaching OR 
learning)).ti,ab 

     87 

33 CINAHL Hospital ADJ2 (staff OR personnel) 
�2�5���³�K�H�D�O�W�K�F�D�U�H���S�H�U�V�R�Q�Q�H�O�´ 

     1113156 

34 CINAHL LEARNING/ OR TEACHING/      28624 

35 CINAHL (25 OR 26 OR 27 OR 28 OR 29 OR 
30 OR 31 OR 32) 

     1906 

36 CINAHL ("systematic review" OR "systematic 
literature review" OR "systematic 
scoping review" OR "systematic 

     76687 
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narrative review" OR "systematic 
qualitative review" OR "systematic 
evidence review" OR "systematic 
quantitative review" OR "systematic 
meta-review" OR "systematic critical 
review" OR "systematic mixed studies 
review" OR "systematic mapping 
review" OR "systematic cochrane 
review" OR "systematic search and 
review" OR "systematic integrative 
review").ti,ab 

37 CINAHL (35 AND 36)      48 

38 EMBASE ("blended learning" OR "blended 
teaching").ti,ab 

     902 

39 EMBASE ("systematic review" OR "systematic 
literature review" OR "systematic 
scoping review" OR "systematic 
narrative review" OR "systematic 
qualitative review" OR "systematic 
evidence review" OR "systematic 
quantitative review" OR "systematic 
meta-review" OR "systematic critical 
review" OR "systematic mixed studies 
review" OR "systematic mapping 
review" OR "systematic cochrane 
review" OR "systematic search and 
review" OR "systematic integrative 
review").ti,ab 

     191046 

41 EMBASE ((blended OR multifaceted OR hybrid) 
ADJ2 learning).ti,ab 

     1208 

42 EMBASE ((blended OR multifaceted OR hybrid) 
ADJ2 teaching).ti,ab 

     84 

43 EMBASE ((inverted OR flipped OR face-to-face) 
ADJ2 (teaching OR learning)).ti,ab 

     533 

44 EMBASE ("technology enhanced learning").ti,ab      134 

45 EMBASE ("technology enhanced 
teaching").ti,ab 

     9 

46 EMBASE ((integrated OR computer-aided) 
ADJ2 (teaching OR learning)).ti,ab 

     1053 

47 EMBASE ((computer-assisted OR distributed) 
ADJ2 (teaching OR learning)).ti,ab 

     799 

48 EMBASE (hybrid ADJ2 (teaching OR 
learning)).ti,ab 

     303 

49 EMBASE (41 OR 42 OR 43 OR 44 OR 45 OR 
46 OR 47 OR 48) 

     3616 

50 EMBASE (39 AND 49)      64 
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