
 

 

 

AUTHOR: 

 
 
TITLE:  

 

 
YEAR:  
 
 
OpenAIR citation: 

 

 

 

 

 

 

 

 

 

 

 

 

OpenAIR takedown statement: 

 

 This work is made freely 
available under open 
access. 

 

 

 

 

This ǘƘŜǎƛǎ is distributed under a CC ____________ license. 

____________________________________________________ 

 

Section 6 of the “Repository policy for OpenAIR @ RGU” (available from http://www.rgu.ac.uk/staff-and-current-
students/library/library-policies/repository-policies) provides guidance on the criteria under which RGU will 
consider withdrawing material from OpenAIR. If you believe that this item is subject to any of these criteria, or for 
any other reason should not be held on OpenAIR, then please contact openair-help@rgu.ac.uk with the details of 
the item and the nature of your complaint. 

This work was submitted to- and approved by Robert Gordon University in partial fulfilment of the following degree: 
_______________________________________________________________________________________________ 



����������	
�������	������	�������������������	��	������������������������
���	����������	�� ���� ���� !�"#��$!��$!%�%&�'�()*+','�-./�'0'123-3�)4�,-356,/�7,0�(8','(�/,-3�-(3�9/�://0�37575�;-31'*-(�9)0<3=�'0<�()0./0�-)0'1�9)0<3��9>&�8/9'8�38'4/?�38'18))9��'��$!%�%�%@AB���!C��D�EFG��F �#@ #� B!D��"#��$!�G!H@�G!B!D�%�"#��$!�,"A!G��I"GC"D�7D�J!G%��>�#"G��$!�C!KG!!�"#�<"L�"G�"#�+$� "%"E$>��M@D!�NOPQ��� �





����������	
�������	������	�������������������	��	������������������������
���	����������		�� ����� ���� ���� !"#�$#�%&�'(( )*� +,�-# .#� +,�$(#""!+/"�&+�0!"�1&$(#���&-)#%� +,�&+�)!"�2 3!(4� +,�5&3- +!&+"�������





����������	
�������	������	�������������������	��	������������������������
���	����������			�� ����� !"#$#%&'()�*)+,-./0,)12/1)*)/3)12,)/41250)56)1278)+788,01/1759:)12/1)/..)0,6,0,9-,8)-71,+)2/;,)<,,9)-5984.1,+)<=)3,:)12/1)12,)>50?)56)>27-2)1278)+788,01/1759)78)/)0,-50+)2/8)<,,9)+59,)<=)3,:)/9+)12/1)1278)+788,01/1759)2/8)951)<,,9)84<3711,+)650)12,)/@@.7-/1759)56)/9512,0)+,A0,,)50)B4/.767-/1759)15)/9512,0)497;,0871=)50)79817141,)56).,/0979AC)))))DEFGHIJKLMNNNNNNNNNO))))PHILMNNNNNNOONNNNOO)) Q



����������	
�������	������	�������������������	��	������������������������
���	����������	
�� ����� �!"#$!%&'�̂)19._,G8,̂)18)22<,16/,37,<52-).5+,16/,+*+-.5+,̀̂ )2522_:,a1)1/:,(1818:,\?/1,16/,a1)/1)bB,,(2,37,1?6-+:,D1+)1.8,16/,\?/1):,16/,-2,37,?608.,̂18316,G8,̂)18)2?<,16/,188,37,+;..-,02?+*6+B,,c1+-87:,-2,37,;26/.59?8,16/,+?4425-*=.,913*87,16/,95*.6/+B,���������



����������	
�������	������	�������������������	��	������������������������
���	����������
�� ����� !"#$%&'(&)&"*+,�-./012345267/89701:2;21<34=2>??>@267/21<8201/84A1<23452B7C/3A82@82<302A.D84298E2FG21<34=023H0721721<82F.4.01/G2762@.A<8/2I5CB31.742762J3C5.2>/3K.323452L/.4B8002M7/32K.412>K5CH/3<9342N4.D8/0.1G267/2A.D.4A29821<.027OO7/1C4.1G217201C5G2312P7K8/12Q7/5742N4.D8/0.1G2.42>K8/5884E2FG20.4B8/821<34=021721<8267HH7R.4A267/2A.D.4A29821<82B746.584B823452B7C/3A825C/.4A21<8217CA<80121.98027629G201C5.80S2R.1<7C121<892;2R7CH524712<3D82K88423KH82172B79OH81829G2R7/=T2U729G26./0120CO8/D.07/2345298417/2V/E2-3/77W2><935:2R<72AC.58529825C/.4A29G201C5.80:267/2<.02<8HO:2=47RH85A8:20COO7/123452C458/01345.4AE2U729G208B74520CO8/D.07/:2V/E2><9852X8H7CB.6:2R<72O/7D.5852982R.1<2355.1.743H20COO7/1267/2<.02AC.534B82345284B7C/3A89841E2U729G2583/2V35:2J<368W2>H2J<3H<77K:267/2<.020COO7/12172982Y2R<848D8/2;248852<.9:2<82.023HR3G021<8/8267/298E2U729G2583/20.018/:2J<7/7W2>H2J<3H<77K:23452583/26/.84502R<72K8B3982/83H20.018/02172982ZF3[4.2J3H3C5.:2M3532J39934:2Q8/3H5.482IH\J<368.:2@3G32>H93H3W23452M80/8842@300334]2R<72<3D82B7C408HH85298:2H7D85298:2B/.852R.1<298:23452845C/8529G2B<3118/:2KC12970127623HH2<3D82O/3G85267/298:2;2392A/3186CH267/21<8./2B741.4C7C020COO7/123452B741/.KC1.74:28D8421<7CA<2;293G2<3D82K8B798232<.45/34B821721<8./27R42R7/=E2;2R7CH523H072H.=821721<34=23HH27621<7082O87OH82R<72<8HO85234520COO7/18529825C/.4A29G2/8083/B<E2?301:2KC124712H8301:2;23B=47RH85A829G2K8H7D852<C0K345:2F7<39985:267/2<.0203B/.6.B8:2O31.84B8:20COO7/1:2C458/01345.4A2345284B7C/3A898412.42843KH.4A29821723B<.8D829G25/839E2U729G2K/3D82=4.A<12@39.5234521729G2357/3KH82O/.4B8002@343:2R<72<3D823HR3G02K88429G207C/B802762.40O./31.7423452<3OO.480028D8425C/.4A21<8201/8006CH2<7C/02762B79OH81.4A29G201C5.80E22@8K3<:2̂_̀ aE2



����������	
�������	������	�������������������	��	������������������������
���	����������
	�� ����� �!�"�



����������	
�������	������	�������������������	��	������������������������
���	����������
		�� ����� !"!#$$�!%!"%&'%"%&�(�"'(�")�(%'�*"+�'%#(�!",+"-#.#."%&'%"&'/�"'"!�$*�+�)'*%"�01')%",*"%&�"23456789354:;���� <%,<0'%#(�%�=">&�!�"+�'%#(�!"�*)�# �"-#.#."%�1�?")(� �%"('%�*$"'* "�!!#�("%�1�"@!�/�(�*$",("),(1,('%�A=">&�"+�* �*$!",+"%&�!"!%# �"),#� "B�"&��1+#�"+,("�*/�!%,(!"%,"$�%"B�%%�("(�!.<' C#!%� "(�%#(*!"�*"B,* !"0'(.�%!="D,("1,��)�"0'.�(!?"�%"&�$&��$&%!"%&�"�01,(%'*)�",+"+#(%&�(" �/��,10�*%!"�*"-#.#."0'(.�%!=EFGHIJKLMNO"P!�'0�)"+�*'*)�?"P!�'0�)"B,* !?"-#.#.?"),*/�*%�,*'�"B,* !?"/'�#�<'%<(�!.?"QR-"(�$(�!!�,*?"(�!."'* "(�%#(*=""""""""""""��""""



����������	
�������	������	�������������������	��	������������������������
���	����������
			�� ����� !"#$%&$'%(�#(�)$*#'" + �,%($------------------------------------------------------------------------------------$...�*#*,' �,%($--------------------------------------------------------------------------------------$./� '0(%1"#*2#3#(�)$------------------------------------------------------------------------$/� !)�+ '�$------------------------------------------------------------------------------------------$/.�� !"#$%&$'%(�#(�)$-------------------------------------------------------------------------$/...�",)�$%&$&,24+#)$------------------------------------------------------------------------------$5...�",)�$%&$� !"#)$--------------------------------------------------------------------------------$5./� !!+#6, �,%()$--------------------------------------------------------------------------------$5/�2"%)) +7$%&$ + !,'$�#+3)$-----------------------------------------------------------$5/.�",)�$%&$84+ (,'$6#+)#)$---------------------------------------------------------------$5/..�'9 :�#+$;$------------------------------------------------------------------------------------------$;�,(�+%*4'�,%($ (*$+ �,%( "#$%&$�9#$+#)# +'9$--------------------------$;�<=<�>?@ABCDE@>B?F====================================================================F<�<=G�AHIHJAEKFLJEMNABD?CF======================================================FG�<=O�AHIHJAEKFPABLQHRFJ?CFRB@>SJ@>B?FTBAF@KHFI@DCUF===========FV�<=V�J>RFJ?CFAHIHJAEKFBLWHE@>SHIF===========================================FX�<=X�AHIHJAEKFYDHI@>B?IF=========================================================FX�<=Z�I>N?>T>EJ?EHFJ?CFH[PHE@HCFEB?@A>LD@>B?IFBTF@KHFI@DCUF=FZ�\]̂]\� _̀ àbcdedfedg̀eh̀ ìjklg̀ke]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]ê�\]̂]m� nfadkcopdcfaedfeqafrs̀tùe]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]ê�<=v�AHIHJAEKFCHI>N?F===============================================================Fv�\]w]\� h̀ ìjklgexfypsjdcfaejatezj{ys̀e]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]e|�\]w]m� }jdje~ajs�icie�̀ dgftie]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]e|�<=��BSHAS>H�FBTFH@K>EJQF>IIDHI==============================================F��<=��I@ADE@DAHFBTF@KHF@KHI>I===================================================F��'9 :�#+$�$----------------------------------------------------------------------------------------$;��,(�+%*4'�,%($�%$,)" 3,'$&,( ('#�$'%(6#(�,%( "$!%(*)$ (*$)4040�$",�#+ �4+#$+#6,#1$---------------------------------------------------$;��G=<�>?@ABCDE@>B?F==================================================================F<G�G=G�@KHFRJ>?FTHJ@DAHIFBTF@KHF>IQJR>EFT>?J?E>JQFIUI@HRF======F<O�m]m]\� �g̀enfal̀ydefbe�isj{cle�cajal̀e]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]e\��m]m]m� �g̀ehffdefbe�isj{cle�cajal̀e]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]e\��m]m]�� �g̀e}̀ �̀sfy{ àdefbe�isj{cle�cajal̀e]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]e\��
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���	������������� ���� !"#$%$&'!#()*�!&('$�')$#�!&('�+"$(,$!�"$#"-"�#��$./.012345678315299:;<=>?@AB?C=C@DAE=;AFD@G>DAGCDAGBAHEDAB=;HD;HIJKGL?CJA=KD=;AGBAHEDAJ<GF=<AB?C=C@?=<A;DKM?@D;A>=KNDHOAPE?;AJKGLHEA?;AQRDAHGAHLGAKD=;GC;SAB?K;HA?;AHEDAJKGL?CJA=L=KDCD;;A=>GCJATR;<?>;AGBAHEDAKDUR?KD>DCHAHGA=MGVWXYVZ[\]\̂[_A=;AHED̀AHK̀AHGA<?MDAHED?KA<?MD;A?CA=@@GKQ=C@DAL?HEA:;<=>?@AaK?C@?a<D;OA:CAHEDAa=;HbATR;<?>;ABGRCQA?HA@E=<<DCJ?CJALEDCAcD;HDKCAB?C=C@?=<A?C;H?HRH?GC;Adee\]\WXfXeVZfZgVfhX̂ î[\jXkf̂\WXdZXYVZ[\]\̂[_lXmnVgnXV̂Xo]dnVkV[\WXVZX:;<=>OApD@GCQbAHEDADq@D;;A<?UR?Q?H̀A?CAHEDArR<BAKDJ?GC;AGL?CJAHGAG?<A=CQAJ=;IKD<=HDQAKDMDCRD;AGMDKAHEDA<=;HAHEKDDAQD@=QD;A;=LA=ACDDQA=K?;DABGKACDLA?CMD;H>DCHA@E=CCD<;OAA:;<=>?@AF=CN?CJA=;;DH;AL?HCD;;DQA=CA?C@KD=;DAGBA=aaKGq?>=HD<̀AstubA>=?C<̀A@GC@DCHK=HDQA?CAT=<=̀;?=bAHEDArR<BAvGGaDK=H?GCAvGRC@?<AwrvvxA@GRCHK?D;A=CQA:K=CbAKDaKD;DCH?CJA<D;;AHE=CAyuAGBAJ<GF=<AB?C=C@?=<A=;;DH;Aw:zp{bA|ty}xOAPEDA>=KNDHA;?~DAGBAHEDA:;<=>?@AB?C=C@?=<A?C;H?HRH?GC;AE=;AFDDCAJKGL?CJAK=a?Q<̀ABKG>A�yO��AHK?<<?GCA?CA|ty�AHGA�yOsAHK?<<?GCAF̀AHEDADCQAGBA|ty}�AHE?;A?;ADqaD@HDQAHGAFDA��O}AHK?<<?GCAF̀AHEDADCQAGBA|tysAw�=MDDQbA|ty�xOAAPEDA@GKDA;HKR@HRKDAGBA:;<=>?@AB?C=C@?=<A>=KNDH;A?;A;?>?<=KAHGA@GCMDCH?GC=<A>=KNDH;bA?CAHE=HAHED̀AFGHEAE=MDA?CMG<MDA=A>GCD̀A>=KNDHA=CQA=A@=a?H=<A>=KNDHOAPEDA>=?CABD=HRKDAEDKDA?;AHE=HA:;<=>?@AB?C=C@?=<A?C;HKR>DCH;A;EGR<QAFDAHK=QDQA?CA=AL=̀AHE=HAQGD;ACGHA@GCB<?@HAL?HEApE=K?=EAaK?C@?a<D;OA:CAGHEDKALGKQ;bA?HA;EGR<QACGHA?CMG<MDA=C̀A=@H?M?H?D;AHE=HA=KDAaKGE?F?HDQAF̀A:;<=>?@A<=LAwpE=K?=ExÂ�gnXf̂XYVZ[\]\̂[_bALE?@EAKDaKD;DCH;A=CA=;;DKH?GCAGBAKD<?J?GR;A<=LA?CAB?C=C@?=<A>=KNDHAHK=C;=@H?GC;AwpE=E?Q=A=CQAp=a?̀?bA|ty�xOAApRNRNA=KDA@<=;;?B?DQA=;A:;<=>?@AFGCQ;A=CQA=KDA;?>?<=KAHGA;G>DADqHDCHAHGA?C;HKR>DCH;AGCA@GCMDCH?GC=<AQDFHA>=KNDH;AFRHABGKA?CMD;HGK;ALEGAQGACGHAL=CHAHGA?CMD;HA?CA@GCMDCH?GC=<AFGCQ;OApRNRNA=KDACGLA@GC;?QDKDQAGCDAGBAHEDAM?H=<AHGG<;AGBAHEDAJ<GF=<A:;<=>?@AB?C=C@?=<A;̀;HD>OAPEDAHGH=<A=;;DH;AGBAHEDApRNRNA>=KNDHA=KDA=FGRHAy}O�uAGBAHEDAJ<GF=<A:;<=>?@AB?C=C@?=<A=;;DH;A
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���	�������������� ��� !"!#$%&�'!%(#!)*+%#,+*-.&%,.!-(*!&$%&/(0%,&%1234&%,-)%5��)64&$%,#!%789:;<==8>?@A8>@B9@CD:?@>7E>FD@G>DE>CE7><==>;EH9<C:@D>;<C><IIEAJ>8@<A=8>F9J<7@D>7E>7K@:A>=:D7G>JF@>KFH<C>A@DEFA;@><CJ>7:H@>;ED7D>A@LF:A@J>7E>9@AIE#'%)!!M%,-,N6&*&%�O%+0!%(�'M,-64&%#*&P%#,-P:CQR>STUTUVWXYYZ[Z\]̂_̀ ]Zab[XZĉbŶ_b\dZ\]Xb\̀ êfb\gĉhK@>Q=Ei<=>iECJ>H<Aj@7>:D>@CEAHEFD><CJ>:D>;EH9A:D@J>EI>J:II@A@C7>789@D>EI>iECJDG>DF;K><D>kQE?@ACH@C7>iECJDG>;<==<i=@>iECJDG>HFC:;:9<=>iECJDG>iEEjl@C7A8>iECJDG>;EA9EA<7@>iECJDG>D@A:<=>iECJDG>m@AEl;EF9EC>iECJDG>n<A>iECJDG>I:B@J>A<7@>iECJDG>=E77@A8>iECJDG>:CI=<7:EC>=:Cj@J>iECJDG>CECl;<==<i=@>iECJDG>DFiEAJ:C<7@J>iECJDG>A@Q:D7@A@J>iECJDG>i@<A@A>iECJD><CJ>DE>ECoR>hK@D@>iECJD><A@>:DDF@J>:C>J:II@A@C7>;FAA@C;:@D><CJ>:C>7@AHD>EI>;EF9ECG>J<7@>EI>H<7FA:78><CJ>DEH@>E7K@A>I@<7FA@DR>hK@>j@8>I<;7EAD>EI>7K@D@>?<A:EFD>789@D>EI>iECJD>;<C>i@>;=<DD:I:@J><D>IE==EnDp>qrsrsrtuvwxyz{{|x}{y~R��E?@ACH@C7>iECJDp>�ECJD>7K<7><A@>:DDF@J>i8><>QE?@ACH@C7>7E>I:C<C;@>7K@:A>9AE�@;7D>n:7K>7K@>9AEH:D@>7E>A@9<8>7K@>I<;@>?<=F@><CJ>7K@>9@A:EJ:;>:C7@A@D7>9<8H@C7D>EC><>H<7FA:78>J<7@>k�:==:@AG>��~�oR>hK@8><A@>A@I@AA@J>7E><D>A:DjlIA@@>iECJD><D>7K@8>;<C>A<:D@>7<B@D>EA>;A@<7@><JJ:7:EC<=>;FAA@C;8>:C>EAJ@A>7E>A@J@@H>7K@>iECJ><7>H<7FA:78R>hK@8><A@>FDF<==8>J@CEH:C<7@J>:C>7K@>;EFC7A8�D>EnC>;FAA@C;8G>nK@A@<D>iECJD>:DDF@J>i8>C<7:EC<=>QE?@ACH@C7D>:C>IEA@:QC>;FAA@C;:@D><A@>CEAH<==8>A@I@AA@J>7E><D>DE?@A@:QC>iECJDR>�R��EA9EA<7@>iECJDp>�ECJD>7K<7><A@>:DDF@J>i8>;EA9EA<7:ECD>7E>A<:D@>HEC@8>7E>IFCJ>EA>@B9<CJ>7K@:A>iFD:C@DDR>�C?@D7EAD>;<C>Q@7><>n:J@>A<CQ@>EI>iECJD>i<D@J>EC>J:II@A@C7>H<7FA:7:@D><CJ>;A@J:7>A<7:CQDR>qrsrsrquvwxy�x�|}��z��x}x{�y����x��{y~R��:B@JlA<7@>iECJDp>�ECJD>7K<7><A@>:DDF@J>n:7K>I:B@J>A<7@>;EF9ECD>7K<7>;EC7:CF@>FC7:=>7K@:A>H<7FA:78>J<7@R>hK@>;EF9EC>:D>9<:J><CCF<==8G>D@H:l<CCF<==8>EA>LF<A7@A=8G><D>J@7@AH:C@J>i8>7K@>:DDF@AR>�R��=E<7:CQlA<7@>CE7@Dp>�>J@i7>:CD7AFH@C7>n:7K><>?<A:<i=@>:C7@A@D7>A<7@>EA>;EF9EC><;;EAJ:CQ>7E>7K@>?<A:<i=@D>:C><>9<A7:;F=<A>:CJ@B>;KED@C>i8>7K@>iEAAEn@AG>DF;K><D>7K@>�C:7@J>�7<7@D>k��o>hA@<DFA8>i:==>A<7@G>�ECJEC>



����������	
�������	������	�������������������	��	������������������������
���	�������������� ��� !"#$�%&'((!"!)&*$ !&+,�-'*./& 0!&1!)!"$2&(3�)4&"$ !&5"& 0!&6"78!&"$ !9&:0!;&8$7�2;&0$<!& =5>& 5&(7<!>;!$"& !"84& 5&8$ 3"7 ;9&:0!4!&#5�)4&6"5 !? & 0!&7443!"&("58&"74%&5(&7�(2$ 75�9&@9AB!"5>?5365�&#5�)4C&B!"5>?5365�&#5�)4&)5&�5 &6$;&6!"75)7?$2&7� !"!4 &6$;8!� 4&$�)&7�4 !$)&$"!&452)&$ &$&)74?53� &<$23!& 5& 0!7"&($?!&<$23!9&:0!&#5�)052)!"4&"!?!7<!&$&"! 3"�&#;& 0!&D"$)3$2&"74!&7�& 0!&6"7?!&5(& 0!&4!?3"7 ;/&=07?0&74&"!)!!8!)&$ &($?!&<$23!&5�&$&46!?7(7!)&8$ 3"7 ;&)$ !9&EFGFHIJKLMLNOLLPQKRSTUNVKSWNXPYZTYSKPYR[N\PYULN:0!&854 &?5885�&"74%4&$445?7$ !)&=7 0&#5�)4&$"!&6"!4!� !)&#!25=C&]̂_̂`̂abcdefgfheigjefigkhlii-5�)4&;7!2)4&0$<!&$�&7�<!"4!&"!2$ 75�4076&=7 0&?0$�D!4&7�&7� !"!4 &"$ !49&m0!�&8$"%! &7� !"!4 &"$ !4&7�?"!$4!/&#5�)&6"7?!4&)!?"!$4!&$�)&<7?!&<!"4$9&:0!&25�D!"& 0!&8$ 3"7 ;&5(& 0!&#5�)/& 0!&07D0!"& 0!&65 !� 7$2&7� !"!4 &"$ !&"74%&749&&]̂_̂`̂]bnkhliopiqfpjrsei:074&74& 0!&"74%& 0$ &7443!"4&=532)&�5 &#!&$#2!& 5&8$%!&"!D32$"&6$;8!� 4&5"&"!6$;& 0!&6"7�?76$2&$853� 9&*$ 7�D&$D!�?7!4&0$<!&)!)7?$ !)&)!6$" 8!� 4& 5&!<$23$ !& 0!&?"!)7#727 ;&5(& 0!&#5�)4&7443!"&$�)&4!22& 074&7�(5"8$ 75�& 5&7�<!4 5"4&$�)&5 0!"&4 $%!052)!"49&t]̂_̂`̂_bcdpsjekodjguigkhli��(2$ 75�&"74%&$"74!4&("58& 0!&3�!v6!? !)&)!?"!$4!&7�& 0!&<$23!&5(&$44! 4&5"&7�?58!&?$40&(25=/&=07?0&74&$245&%�5=�&$4&63"?0$47�D&65=!"&"74%9&:074&"74%&74&8!$43"!)&7�& !"84&5(&63"?0$47�D&65=!"/&$4&7�(2$ 75�&?$�&#!&07D0!"& 0$�&!v6!? !)&$�)&0!�?!&)!?"!$4!4& 0!&63"?0$47�D&65=!"&5(&$&?3""!�?;9&&]̂_̂`̂ b̀wkxrkqkeuigkhli-5�)&7�<!4 5"4&?532)&($?!& 0!&27y37)7 ;&"74%&5(&�5 &#!7�D&$#2!& 5& "$)!& 0!7"&4!?3"7 7!4&)3!& 5&$&2$?%&5(&65 !� 7$2&#3;!"4&7�& 0!&4!?5�)$";&8$"%! 9&&



����������	
�������	������	�������������������	��	������������������������
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����������	
�������	������	�������������������	��	������������������������
���	�������������� ��� !"#$%& '()* "+ ,-� .& /&&� +0-+ /12&%&"#� 3$4$4 -%& -+ +0& +15 "� +&%6/ 17 3$4$4 "//$-�,& 718819&: .; ,1%51%-+& 3$4$4( <=>=<=<?@ABCDEFDGEHBCIBJKEBLEMCANOFPBQOFREJBCIBSTRTRBU 8"V$": /&,1�:-%; 6-%4&+ "/ &//&�+"-8 71% +0& 515$8-%"+; -�: /$,,&// 17 -�; 7"�-�,"-8 "�/+%$6&�+( W0& 2-8$-+"1� 17 ,1�2&�+"1�-8 .1�:/ "� /&,1�:-%; 6-%4&+/ "/ "�78$&�,&: .; ,0-�#&/ "� +0& "�+&%&/+ %-+&/ -�: ,%&:"+ %-+"�#/ 17 "�:"2":$-8 "//$&/( �� ,1�+%-/+ +1 +0"/* +0& 2-8$-+"1� 17 3$4$4 "� /&,1�:-%; 6-%4&+ :&5&�:/ 1� +0& 2-8$& 17 +0& $�:&%8;"�# -//&+/( 3$4$4 "�:",-+1%/ #81.-88; /019 -.1$+ - XY "�,%&-/& "� +0& 3$4$4 /&,1�:-%; 6-%4&+/* %&-,0"�# Z'[\()] ."88"1� "� +0& 7"%/+ 0-87 17 '̂ ])( U,,1%:"�# +1 _-/-6&&8 3+%$,+$%&: !"�-�,& ̀'̂ ])a* +0& +15 7"2& ,1$�+%"&/ 71% +0& 3$4$4 /&,1�:-%; 6-%4&+* -/ /019� "� W-.8& '(X* -%& b-8-;/"-* 3-$:" U%-."-* cUd* ��:1�&/"- -�: e-+-%( fghijklmnkfopkqrsjktuvuvkwuxyxgz{rz|k}oiu~jkgz{kl���k�f�k��o�x�k�16","8& �$%%&�,; �18$6& -61$�+ ̀."88"1�a �%19+0 %-+&/ ̀Ya b-8-;/"- c(3( �188-% ]\) �(\ 3-$:" U%-."- c(3( �188-% )�([ '�([ cUd c(3( �188-% 'X(� ]X(̂ ��:1�&/"- c(3( �188-% ])(X X(] e-+-% c(3( �188-% �(� 'X(X �-4"/+-� c(3( �188-% �(� '(X 31$%,&/� _-/-6&&8 3+%$,+$%&: !"�-�,& ̀'̂ ])a( 3&,1�:-%; 3$4$4 6-%4&+/ /$77&% 7%16 "88"V$":"+; -�: - 8-,4 17 +%-:"�#( �&-� ̀'̂ �̂a ":&�+"7"&: +0& 718819"�# %&-/1�/ .&0"�: +0"/ "88"V$":"+;� !"%/+* "�2&/+1%/ +&�: +1 4&&5 +0&"% 3$4$4 $�+"8 6-+$%"+;� /&,1�: "/ - 8-,4 17 -9-%&�&//� +0"%:* +0&%& -%& - 8"6"+&: �$6.&% 17 "//$-�,&/ ,165-%&: +1 ,1�2&�+"1�-8 .1�:/( lm�m��f�jk�~po�xgzxk�oijko�kx�jktuvuvk�g�vjxk3$4$4 58-; -� "651%+-�+ %18& .; 7$87"88"�# +0& �&&:/ 17 ,&%+-"� /&#6&�+/ 17 "�2&/+1%/ -�: .1%%19&%/� +0&; ,1658&+& 7"�-�,"-8 6-%4&+/ -�: -:: 



����������	
�������	������	�������������������	��	������������������������
���	�������������� ���� ! "#�$%$ &' � !()%*'+'+%,�-+.!/%,"0 $ /.%/�1 #2/3%.#/'-.%4 #�#5 �$%/!�0 $ !(3%/ ,6$ 4(%!7.%4$"8%"4%4'#�/%4"-% #1./!,.#!/3%�#�%0-"��.#%!7.%0�/.%"4%!7.%/.5'- ! ./%,�-+.!)%97 /%7�/%7.$6.�% #%!7.% #!.2-�! "#%"4%!7.%,�-+.!/%"4%:/$�, 5%5"'#!- ./%�#�%,"-.%.44 5 .#!%�$$"5�! "#%"4%4'#�/%�5-"//%0"-�.-/)%*'+'+%7�1.%�$/"%6-","!.�%4 #�#5 �$% #!.2-�! "#% #%!7.%2$"0�$%4 #�#5 �$%/(/!.,%�#�%�-.%�#% ,6"-!�#!%/"'-5.%"4%4 #�#5 #2%4"-%$�-2.;/5�$.% #1./!,.#!%6-"<.5!/%=>$?�!�- 3%@ABAC)%:#%/',,�-(3%!7.%*'+'+%,�-+.!%6-"1 �./%!7.%4"$$"8 #2/%0.#.4 !/D%%B)E>%$"8%�.2-..%"4%- /+%�'.%!"%!7.%4�5!%!7�!%*'+'+%�-.%2'�-�#!..�%5"$$�!.-�$ /.�%�//.!/)%@)E*'+'+%"6.-�! "#/%7.$6%!"% ,6-"1.%$ &' � !(3%4$"8%"4% #4"-,�! "#% #%!7.%,�-+.!3%�#�%!7.%.#!-(%"4%,�#(% #/! !'! "#/% #%!7.%4 #�#5 #2%6-"5.//)%F)E:!%6-"1 �./%GHIJKLMNJOPQRMLJNSHNTRMUVNRMWNGKMRMPKRXNKMVSKSYSKHMVZN5-.� !"-/% #%!7.%5�/.%"4%5-"//;0"-�.-%*'+'+[%/ #5.%!7.%0'(.-%"4%!7.%�//.!% #%!7 /%5�/.% /%�%0�#+3%"-%�%4"-. 2#%4 #�#5 �$% #/! !'! "#%!7�!%8 $$%6�(%!7.%$"5�$%0�#+3%!7.%1�$'.%"4%!7.%�.�$% /% #%4"-. 2#%5'--.#5(3%87 57%$.��/%!"%�#% #5-.�/.% #%�",./! 5%0�#+%�//.!/% #%!7.%4"-. 2#%5'--.#5()%%\)E:!%!-�#/4.-/% $$ &' �%�//.!/%!"%$ &' �%�//.!/% #%!7.%4"-,%"4%5�/73%87 57%5�#%0.%'/.�%�2� #%!"%.]6�#�%!7.%/ ?.%"4%!7.%0'/ #.//%"-% #1./!,.#!)%_̂̀_̀abcdefdghigjklmdeihenopopeqogrlsetcdeuviwkvexrlklmrkveygrzrze{̂||}~̂||��e:#%@AA�3%5"'#!- ./%�-"'#�%!7.%8"-$�%.]6.- .#5.�%!7.%8"-/!%4 #�#5 �$%5- / /%/ #5.%B�FA)%97 /%�44.5!.�%2$"0�$%4 #�#5 �$%,�-+.!/%�#�%�$/"%!7.%6.-4"-,�#5.%"4%:/$�, 5%4 #�#5 �$% #/! !'! "#/)%%>7,��%�#�%���? %=@ABBC% #1./! 2�!.�%!7.%/'/!� #�0 $ !(%"4%*'+'+%�#�%PHM�JMSKHMRXNTHMWNKVVYRMPJNKMNSQJN�RUJNHGNSQJNGKMRMPKRXNPIKVKVNKMN�RXR�VKRZVN5�6 !�$%,�-+.!% #%@AA�%'/ #2%�%/�,6$.%"4%@A%�##'�$%"0/.-1�! "#/%"#%*'+'+%�#�%5"#1.#! "#�$%0"#�% //'�#5.%4-",%B��A%!"%@AA�)%97.(%4"'#�% #!.-./! #2%!-.#�/% #%*'+'+% //'�#5.%5",6�-.�%!"%5"#1.#! "#�$%0"#�/% #%!7�!%0"!7% //'�#5./%8.-.%#"!%6�-�$$.$)%��- "'/%4�5!"-/%�.!.-, #.%!7.%1�$'.%"4%*'+'+%�#�%5"#1.#! "#�$%0"#�% //'�#5.)%:#%*'+'+% //'�#5.3%$.//.-%1�$'.% /%6$�5.�%"#%6-./.#!%.5"#", 5%.$.,.#!/3%4"-%.]�,6$.3%���3%4"-.]%�#�%



����������	
�������	������	�������������������	��	������������������������
���	�������������� ��� !"�# �$�#%&%�'(�)� *&+#,#" &-"$.&/$%)01&23!"!#4&5$�6!� �$�#%&7$�)&�44(!"4&$�%*&5$�4�)!"&-$"!�/�&!853#�/!&#4& 3!&.#��&-#5 $"9&:3!&��3!"!� &6#%(!&$-&;(<(<&2#4&%!44&��-%(!�5!)&)("��/& 3!&-��#�5�#%&5"�4�49&:3!&;(<(<&4 "(5 ("!&(�)!"&;3#"�#3&,"$6�4�$�4&,"$6�)!4&/"!# !"&4 #7�%� *& $& 3# &7$�)&.#"<! & 3#�&�4&,"!4!� &��&5$�6!� �$�#%&7$�)&.#"<! 41&23�53&5#(4!4&;(<(<& $&7!&%!44&#--!5 !)&7*&-��#�5�#%&5"�4!49&;#�)&+=>??0&#  !., !)& $&!8#.��!& 3!&�.,#5 4&$-& 3!&(4!&$-&;(<(<&)("��/& 3!&-��#�5�#%&5"�4�4&$�& 3!&,!"-$".#�5!&$-&@4%#.�5&7#�<49&A!&-$5(4!)&$�&#&4#.,%!&$-&?B&@4%#.�5&7#�<4& 3# &(4!)&;(<(<&#4&$�!&$-& 3!�"&��4 "(.!� 4&-$"& 3!&*!#"4&-"$.&=>>C& $&=>>D9&A�4&4 ()*&43$2!)& 3# & 3!&(4!&$-&;(<(<&"#�4!)& 3!&.$7�%� *&#�)&%�'(�)� *&��& 3!&7#�<4E&"!4$("5!4&#�)&$,!"# �$�&7*&.!#4("��/& 3!&4 "!�/ 3&$-& 3!�"&-��#�5�#%&%�'(�)� *1&$6!"#%%&!--�5�!�5*1&$"/#��4# �$�1&#�)&,"$-� #7�%� *&(4��/&-��#�5�#%&"# �$4& 3# &5#�&#%4$&7!&5$�4�)!"!)&(�)!"& 3!&)�6!"4�-�5# �$�&,$ !� �#%&$-&;(<(<9&:3!&4 ()*&#%4$&-$(�)& 3# &;(<(<&3#6!&�$&�.,#5 &$�& 3!&,!"-$".#�5!&$-&@4%#.�5&7#�<4&7*& 3!&(4!&$-&"!/"!44�$�&#�#%*4�49&F(4/�#� $&#�)&G3.#)&+=>?H0&(4!)& 3!&I$2&J$�!4&K� �/"$(,&;(<(<&@�)!8&+IJK;@0&#4&#&,"$8*&-$"& 3!&/%$7#%&;(<(<&.#"<! &-$"& 3!&,!"�$)&=>>CL=>??&#�)&)!.$�4 "# !)& 3# &4 "(5 ("#%&7"!#<4&4�/��-�5#� %*&#% !"& 3!&6$%# �%� *&$-&;(<(<&7!3#6�$("9&:3!*&43$2!)& 3# &6$%# �%� *&��& 3!&,$4 M5"�4�4&,!"�$)&2#4&%!44&4!�4� �6!& $&.#"<! &!6!� 4&5$.,#"!)& $& 3!&,"!M5"�4�4&#�)&5$� !.,$"#�!$(4&,!"�$)49&NOPOQRSTUVWXYZ[W\TX]\ZVT̂U_XTUXS̀ Ẁ WXabb̀ Z_V\Xc__Ù _V\d\_TXF!5!� &4 ()�!4&$�&4 $5<&.#"<! &"!#5 �$�4&$�&;(<(<&�44(#�5!&3#6!&43$2�& 3# & 3!&.#"<! &"!#5 �$�&�4&#&.�8 ("!&$-&4�/��-�5#� &�!/# �6!&#�)&,$4� �6!&#7�$".#%&"! ("�49&@7"#3�.&#�)&e��#�&+=>>D0&4 ()�!)& 3!&!6!� &2��)$24&-$"& 3!&#��$(�5!.!� 4&$-&@4%#.�5&)!7 &�44(#�5!&��&e#%#*4�#&)("��/& 3!&,!"�$)&=>>>L=>>f&#�)&43$2!)& 3# & 3!&.#"<! &"!#5 �$�&2#4&4�/��-�5#� %*&,$4� �6!&)("��/&!6!� &2��)$24&gMH1&>h&$-&-�".4&#��$(�5��/&@4%#.�5&7$�)4&#�)&gMH1&Hh&$-&-�".4&#��$(�5��/&5$�6!� �$�#%&7$�)i& 3!4!&#"!&4�.�%#"& $& 3!&6#%(!4&-$(�)&��&5$�6!� �$�#%&7$�)&4 ()�!4&#�)& 3(41& 3!�"&#"/(.!� 4&jklmnopmqjrlsmonmptlmunvlrpokrEmwklxlklnylmxokmzr{j|uyM5$.,%�#� &#5 �6� �!49&A$2!6!"1&G433#"�&! &#%9&+=>>D0&��4�4 & 3# &4 $5<&.#"<! &"!#5 �$�4&#"!&.�8!)&#�)&��5$�5%(4�6!&��&"!%# �$�& $&;(<(<&�44(#�5!9&&
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����������	
�������	������	�������������������	��	������������������������
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���	�������������� ��� �!��"#$%&'()*+,-./)(01-+$)2+#$%&'-+#(3-+456789:6:7;<=>678?6:@ABC?69:6:?DE5<@F=6A@FG?76<@7@6E56H;G;G6@5<6DE5I?579E5@C6JE5<:695678?6KECCEL95M6?9M876DE;57F9?:N6O@C@=:9@>6H@;<96PF@J9@>678?6QPR>6S@8F@95>6T@7@F>6U@G9:7@5>6V;L@976@5<6W;FG?=X6476DEABF9:?:6@FE;5<6YZ[6JE5<:69::;?:6\]̂ 6H;G;G6@5<6_Z6DE5I?579E5@C6JE5<:̀>6@:6:8EL56956W@JC?6ZXYX66abcdefghifajefklmcenfopfqlrlrfbstfuosveswxosbdfyostzfxsfajxzf{ezebn|jf66 H;G;G6 }E5I?579E5@C6SE5<:6H@;<96PF@J9@6 ~6 �6QPR6 [�6 Ŷ 6S@8F@956 Z6 6̂W;FG?=6 [6 [6O@C@=:9@6 _6 Y_6T@7@F6 �6 Y�6U@G9:7@56 �6 Z6WE7@C6 ]̂ 6 _Z6HE;FD?N6�?5?F@7?<6J=678?6@;78EFX6W8?6:@ABC?6:9�?69:6:A@CC6@5<678?69AJ@C@5D?69:6<;?67E678?6C@DG6EK6<@7@6@I@9C@J9C97=6\7F@<?<695KEFA@79E56E56:?DE5<@F=6A@FG?76<@7@̀6E56H;G;G6@5<6DE5I?579E5@C6JE5<:6@76W8EA:E56�?;7?F:6�@7@H7F?@A>6BFEI9<?<6J=6��Q6Q59I?F:97=6KFEA678?6K9F:76@I@9C@JC?6<@7?6;579C678?6?5<6EK6P;M;:76[�YZX6W8?6:7;<=6<F@L:6E5C=6E5678E:?6DE;57F9?:678@768@I?689:7EF9D@C6A@FG?76<@7@6E56H;G;G6@5<6DE5I?579E5@C6JE5<69::;@5D?�6:EA?6JE5<6:?F9?:6<E65E76BFEI9<?6@5=6BF9D?695KEFA@79E56@B@F76KFEA678?6K@D7678@7678?9F65@A?:6@F?6C9:7?<6E5678?6�@7@H7F?@AX66W8?6K95@C6<@7@6:?768@:689M86F?BF?:?57@79E56EK6H;G;G6@5<6DE5I?579E5@C6JE5<:6KFEA6QPRX6W89:6DE;C<68@I?6@569AB@D76E5678?6K95<95M:6EK6789:6:7;<=6@:6F?:;C7:6A@=6:8EL6:@ABC?6:?C?D79E56J9@:5?::X6�EL?I?F>69K6@CC6EK678?:?6H;G;G6@5<6JE5<:6KFEA6QPR6@F?65E7695DC;<?<695678?6:7;<=>678?6F?A@9595M6<@7@6:?76L9CC6J?6<??A?<67EE6:A@CCX666



����������	
�������	������	�������������������	��	������������������������
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���	����������$���% ������$���%&'()*+,-./,01+,2'+34,5)*6+,78,937:;3,&'<+4,=>?7@+,A+?)*'B'+C,=>4+<,DA)E)E,6C.,57>6+>B'7>;3F,GHIJKLMNOPMHQRMNOSMLTUVMWTKMXHWYZ[W\MHQRM\[KJRMWUMXHWYZ[W\MXKHLYZKLMU]MŶ_Y_MHQRM̀UQaKQW[UQHJMIUQRLM[QRKbMU]M[QaKLWXKQWcdZHRKM][bKRM[Q̀UXKMLK̀YZ[W[KLOM̂eK̀[][̀HJJ\fMWTKM\[KJRMWUMXHWYZ[W\M̀UJYXQMLTUVLMHQM[Q̀ZKHLKM[QMWTKMeZKLKQW[QdM\[KJRMWUMXHWYZ[W\M]UZMIUWTM[QRKbKLfM]ZUXMPOghiM]UZMPcjM\KHZLMWUMkOhjM]UZMPlmM\KHZLM]UZM̂Y_Y_M\[KJRMWUMXHWYZ[W\MHQRM]ZUXMlOkhiM]UZMPcnopqrstouvowxynozvso{y|opqrstozvso}v~�q~u�v~r�o�v~�t�op�q��ouvoXHWYZ[W\OM�QMWTKMUWTKZMTHQRfM[WM̀HQMIKMLKKQMWTHWM̂Y_Y_MTHaKMHMT[dTKZMeKZ̀KQWHdKMU]M\[KJRMWUMXHWYZ[W\M̀UXeHZKRMWUM̀UQaKQW[UQHJMIUQRLOM MÛYZ̀K�M�[W[dZUYeM[QRKbM�SlP�fMeOP�OM����sqo�xwo�sqtq~utou�qop�q��o}�s�qtovzo�����or~�o}v~�q~u�v~r�o�v~�t�o][bKRM[Q̀UXKMLK̀YZ[W[KLM[QRKbMHLMUQMjP�lj�SlP�OMMÛYZ̀K�M�[W[dZUYeM�QRKbM�SlP��OM0;:3+,-./,01+,57>6+>B'7>;3,�7>4C,=>4+<,�*78'3+,�
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����������	
�������	������	�������������������	��	������������������������
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����������	
�������	������	�������������������	��	������������������������
���	��������������� �� � !"#$% &'( )$ *%+ $,-.% /$0*% 1 -) .$2" %3�4��� �� �5���6�7� �5�8966:� �;�3�4��� �� �5���<86� �5�=�<6�� �;���>��?@�ABA4�C�D�4� �5��=8<�69<� �5���7��� �5�=<7�=� �;�?�?�?� �� �=56E��7� �5�8<:�=� �;���>��?@� �� �5<E��9� �5�=��79� �;�?�?�?� �� ��5=E��7� �5�8�9=6� �;�FGHI 8� � J JK KKKKKKKKKKKKKKKKKKK



����������	
�������	������	�������������������	��	������������������������
���	��������������� ����  ���


	OA Logo: 
	AUTHOR: SHALHOOB, H.S.
	TITLE: A comparative analysis of risk-return characteristics between Sukuk (Islamic bonds) and conventional bonds.
	YEAR: 2016
	OpenAIR citation: SHALHOOB, H.S. 2016. A comparative analysis of risk-return characteristics between Sukuk (Islamic bonds) and conventional bonds. Robert Gordon University, PhD thesis. Held on OpenAIR [online]. Available from: https://openair.rgu.ac.uk
	Degree: Doctor of Philosophy, Aberdeen Business School, Accounting and Finance Department
	License: BY-NC-ND 4.0
	License URL: https://creativecommons.org/licenses/by-nc-nd/4.0
	CC Logo: 
		2016-08-16T11:58:33+0100
	OpenAIR at RGU




