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���
���^
���

-?D9;�������J>;�/D?L;HI?JO�E<�'?9>?=7D�";H87H?KC��M?J>�
IKFFEHJ�<HEC�J>;�/
-
�(7J?ED7B�-9?;D9;� EKD:7J?ED��7M7H:I��
��#��
����
����#�������
���>7I�;C87HA;:�ED�7�FHE@;9J�JE�9EC	
FKJ;H?P;�?JI�>EB:?D=I�E<�';N?97D�7D:�';IE7C;H?97D�B7D:�FB7DJ�
9EBB;9J?EDI
�#D�J>?I�F7F;H��M;�H;FEHJ�ED�J>;�;<<?9?;D9O�E<�J>;�
MEHA<BEMI�J;IJ;:�7D:�?CFB;C;DJ;:�:KH?D=�J>?I�FHE@;9J
�

MATERIALS AND METHODS

. DATA ACQUISITION

.>;�I9EF;�E<�J>?I�IJK:O�E<�J>;�;<<?9?;D9O�E<�:7J7�79GK?I?J?ED�
<HEC�>;H87H?KC�IF;9?C;DI�IJ7HJI�M?J>�J>;�97FJKH;�E<�?C7=;I�
E<�IF;9?C;D�B78;BI�J>HEK=>�J>;�9H;7J?ED�E<�9ECFB;J;�IF;9?	
C;D�:7J787I;�H;9EH:I�� ?=
�
�
�1;�:?:�DEJ�7D7BOP;�J>;�9EIJ�E<�
>7H:M7H;��J>;�H;9KHH?D=�;NF;DI;�E<�IE<JM7H;�C7?DJ;D7D9;��EH�
J>;�J;9>D?97B�7:C?D?IJH7J?ED�E<�:7J787I;�I;HL;H�>7H:M7H;
�)<�
J>;�;IJ?C7J;:���������IF;9?C;DI�E<�B7D:�FB7DJI�<HEC�';N?9E��
';IE7C;H?97��7D:�J>;�1;IJ�#D:?;I�7J�J>;�'#�"�>;H87H?KC��97
�


�������>7L;�8;;D�̀ FH;	97J7BE=;:a�7D:�J>;?H�?C7=;I�97FJKH;:��
KI?D=�ED;�E<�J>;�MEHA<BEMI�:;I9H?8;:�8;BEM
��O�FH;	97J7BE=�M;�
H;<;H�JE�J>;�?D?J?7B�MEHA?D=�:7J787I;�?D�M>?9>�EDBO�J>;�C?D?C7B�
I;J�E<�

^
��<?;B:I��7I�:;<?D;:�?D�.7IA����8;BEM��M;H;�FEFK	
B7J;:
�#D�J>;�FH;	97J7BE=��<?;B:I�<EH�BE97B?JO��=;E	9EEH:?D7J;�EH�
>78?J7J�M;H;�DEJ�8;�FEFKB7J;:
�.>;�J7NEDEC?9�=HEKFI�?D9BK:;:�
M;H;�CEII;I��=OCDEIF;HCI��CEDE9EJI��;N9;FJ�EH9>?:I���7D:�
EL;H����<7C?B?;I�E<�:?9EJI��?D9BK:?D=�IEC;�E<�J>;�B7H=;H�ED;I�
� 7879;7;���KF>EH8?79;7;��&7C?79;7;��-9HEF>KB7H?79;7;��7D:�
J>EI;�F7HJ?9KB7HBO�:?L;HI;�?D�J>;�H;=?ED�EH�M;BB�H;FH;I;DJ;:�7J�
'#�"��*?F;H79;7;��-EB7D79;7;���K9KH8?J79;7;���79J79;7;��
'OHJ79;7;��7D:�J>;�=;DKI�Quercus�


.>H;;�?D:;F;D:;DJ�MEHA<BEMI�<EH�79GK?H?D=�>;H87H?KC�
IF;9?C;D�?D<EHC7J?ED�M;H;�:;I?=D;:�7D:�J>;�H;IKBJI�E<�;79>�
;L7BK7J;:


Workflow . —�1EHA<BEM�
�M7I�?CFB;C;DJ;:�:KH?D=�J>;�
<?HIJ�<KD:?D=�F;H?E:������^�����
��KH?D=�-J7=;�#��I;;�8;BEM��
97
��������IF;9?C;DI�M;H;�FH;	97J7BE=;:��.78B;�
�
��KH?D=�
-J7=;�##�7�IK8I;J�E<��������H;9EH:I��7BB�IF;9?C;DI�9EBB;9J;:�?D�
';N?9E��M7I�=;EH;<;H;D9;:


Stage&I&Tasks,&Performed&in&Michigan

A
B

B

C

C

D

D

E

E
F

G H I

Stage&II&Tasks,&Performed&in&Mexico

Task&A:
Specimens
extraction&&
sorting

Task&B:

Barcoding

Task&C:
Image
capture

Task&D:
PreDcatalog
data&entry

Task&E:
Verification&of
preDcatalog

data

Task&F:
Specimens
returned&to
collection

Task&G:
Keystroke
entry&of

locality&data

Task&H:
Spatial&data
entry&&

geoDreferencing

Task&I:
Data&entry
verification

Barcode
affixed
only

Image&of
specimen
label&only

Data&entered
into&Specify
software

Data&in&Specify
validated&against
actual&specimens

Barcode&affixed
and&preDcatalog
spreadsheet
initiated

Image&of
label&and
whole

specimen

Data&entered
into

FileMaker
Pro&software

Data&in&FileMaker
Pro&validated

against&hyperlinked
images&of&labels

Workflows:&1,2,3

1,2 1 1,2 1,2

1,2,3

3 2,3 3 3

Workflows:&1,2,3 1,2,3 1,2,3

Specimen&handling

Data&processing

Fig. .��?7=H7CC7J?9�H;FH;I;DJ7J?ED�E<�MEHA<BEM�J7IAI
�(KC8;HI��
��������H;<;H�JE�1EHA<BEM�#�I
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TAXON��������Y��;9;C8;H���
���
���^
���!H7DPEM	:;�B7��;H:7����;79>�Y�Acquiring)specimen)data)from)herbarium)labels

Workflows  and . —�1EHA<BEMI���7D:���M;H;�?CFB;	
C;DJ;:�:KH?D=�J>;�I;9ED:�<KD:?D=�F;H?E:������^�������9H;7J?D=�
97
��������:7J787I;�H;9EH:I�M?J>�J>;?H�9EHH;IFED:?D=�?C7=;I
�
1EHA<BEM����IF;9?C;DI�M;H;�FH;	97J7BE=;:�?D�7�-*��# 3�:7	
J787I;��:?H;9JBO�<HEC�J>;�IF;9?C;D�B78;B�8O�F;HIEDD;B�7J�'#�"
�
1EHA<BEM����H;9EH:I�M;H;�FH;	97J7BE=;:�?DJE�7� ?B;'7A;H�*HE�
:7J787I;��KI?D=�>OF;HB?DAI�JE�B78;B�?C7=;I
��EJ>�?C7=;I�7D:�
J>;� '*�:7J787I;�M;H;�>EIJ;:�ED�'#�"�>;H87H?KC�I;HL;HI�IE�
:7J7�97FJKH;�9EKB:�8;�A;OIJHEA;:�8O�F;HIEDD;B�BE97J;:�EKJI?:;�
'#�"


�BB�MEHA<BEMI�9EDI?IJ�E<�J>H;;�?D:;F;D:;DJ�IJ7=;I��;79>�
9ECFH?I;:�E<� ?D:?L?:K7B�CE:KB7H� J7IAI� � ?=
�
�
�.>;� J>H;;�
MEHA<BEMI�:?<<;H�?D�>EM�.7IAI����������7D:���E<�-J7=;�#�M;H;�
97HH?;:�EKJ��:;I9H?8;:�8;BEM�
�)DBO�1EHA<BEM�
�M;DJ�J>HEK=>�
-J7=;�##


Description of modular tasks

-J7=;�#��-F;9?C;D�>7D:B?D=�7D:�FH;	97J7BE=�:7J787I;�
9H;7J?ED
.7IA����-F;9?C;D��NJH79J?ED�7D:�-EHJ?D=
.7IA�����7H9E:?D=
.7IA����#C7=;��7FJKH;
.7IA��
�*H;	97J7BE=�:7J7��DJHO
.7IA����0;H?<?97J?ED�E<�*H;	97J7BE=��7J7
.7IA� ��-F;9?C;D�,;JKHD;:�JE��EBB;9J?ED

-J7=;�##��!;EH;<;H;D9?D=�7D:�,;9EH:��ECFB;J?ED
.7IA�!��%;OIJHEA;��DJHO�E<�&E97B?JO��7J7��L;H87J?C�
.7IA�"��-F7J?7B��7J7��DJHO�7D:�!;EH;<;H;D9?D=
.7IA�#����7J7��DJHO�0;H?<?97J?ED

Stage I: Specimen handling and pre-catalog database 
creation. —)�KH?D=�J>?I�IJ7=;�:?=?J7B�B78;B�?C7=;I�7D:�FH;	
97J7BE=�M;H;�9H;7J;:
�#J�M7I�9ED:K9J;:�7J�'#�"�7D:�?J�9EDI?IJ;:�
E<�I?N�?D:;F;D:;DJ�CE:KB7H�J7IAI
�.?C;�H7J;I�M;H;�H;9EH:;:�
<EH�;79>��.78B;�
�
�-F;9?C;DI�M;H;�CEL;:�J>HEK=>�J>;�-J7=;�#�
MEHA<BEM�<HEC�J7IA�JE�J7IA�?D�87J9>;I��9EDJ7?D;:�?D�
�	F7HJ?	
J?ED�IJ;;B�>7B<	97I;I�CEKDJ;:�ED�97IJ;HI��`HEBB?D=�97I;Ia�
��7J9>�
I?P;I�M;H;�L7H?78B;��C7?DBO�:;F;D:?D=�ED�J>;�J7NEDEC?9�=HEKF��
J>;�C;:?7D�8;?D=�97
������\�
��IF;9?C;DI�F;H�97I;��8KJ�IEC;	
J?C;I�9EDJ7?D?D=�7I�C7DO�7I�
����IF;9?C;DI
�"EB:?D=�87J9>;I�
?D�HEBB?D=�97I;I�:KH?D=�J>;�;DJ?H;�FHE9;II?D=�E<�-J7=;�#�I;HL;:�
7I�7�8K<<;H�M>;D�MEHA<BEM�FHE9;II?D=�IJ7BB;:


Stage I Tasks. —%Task*A.*Specimen*Extraction*and*SortT
ing.)–) EH�;79>�<7C?BO�I;B;9J;:��;DJ?H;�<EB:;HI�E<�';N?97D�7D:�
�;DJH7B��C;H?97D�IF;9?C;DI�M;H;�FKBB;:�<HEC�9EBB;9J?ED�978?	
D;JI�JE�7�HEBB?D=�97I;��C7?DJ7?D?D=�J>;�EH:;H�?D�M>?9>�J>;O�M;H;�
<?B;:��7BF>78;J?97BBO�8O�J7NED�D7C;�7D:�=;E=H7F>?9�H;=?ED
��BB�
IF;9?C;DI�8;BED=?D=�JE�7�IF;9?;I�M;H;�IEHJ;:�8O�9EKDJHO�7D:�
9EBB;9JEH�?D�EH:;H�JE�IFEJ�:KFB?97J;I��JE�<B7=�J>EI;�IF;9?C;DI�
9EDI?IJ?D=�E<�CEH;�J>7D�ED;�I>;;J��EH�JE�C7J9>�IF;9?C;DI�M?J>�
9EHH;IFED:?D=�<HK?J�8EN;I�M>;D�J>;I;�;N?IJ;:
�'7HA;HI�M;H;�
B;<J�?D�;79>�I>;B<�<HEC�M>?9>�IF;9?C;D�<EB:;HI�M;H;�H;CEL;:�
JE�C7N?C?P;�J>;�;<<?9?;D9O�E<�H;	<?B?D=�7D:�JE�C?D?C?P;�;HHEH�
M>;D�IF;9?C;DI�M;H;�H;JKHD;:�JE�J>;�9EBB;9J?ED��.7IA� ��8;	
BEM�
�.7IA���:?:�DEJ�L7HO�8;JM;;D�MEHA<BEMI


Task*B.*Barcoding.*–���87H9E:;�B78;B�M7I�7<<?N;:�
^��9C�
<HEC�J>;�BEM;H�;:=;�E<�J>;�IF;9?C;D��8;JM;;D�J>;�9;DJ;H�E<�
J>;�I>;;J�7D:�J>;�IF;9?C;D�B78;B
�1>;D�DEJ�FEII?8B;��?J�M7I�
7<<?N;:�M?J>?D�7�97
�
���h�
�
��CCi�7H;7�J>7J�9EHH;IFED:;:�JE�
7�FH;I;J�F>EJE=H7F>�<H7C;
�-F;9?C;DI�9EDI?IJ?D=�E<�CEH;�J>7D�

Table .�*HE:K9J?L?JO�<EH�J>;�I?N�CE:KB7H�J7IAI�?D�-J7=;�#��-F;9?C;D�"7D:B?D=�7D:�*H;	97J7BE=��7J787I;��H;7J?ED��E<�J>;�J>H;;�MEHA<BEMI�J;IJ;:
�-J7D	
:7H:�;HHEHI�7H;�=?L;D�<EH�IF;9?C;DI�>EKH�H7J;I
�1EHA<BEM�
�FHE:K9J?L?JO�<?=KH;I�7H;�J>;�C;:?7D�<EH�87J9>;I�I7CFB;:�:KH?D=�J>;�B7IJ�O;7H�E<�J>;�FHE@;9J
�

1EHA<BEM�

�����^���

1EHA<BEM��
�����^���

1EHA<BEM��
�����^���

(KC8;H�E<�IF;9?C;DI�?D�IJK:O ���� ������ 

��
�

'E:KB7H�.7IA
J?C;��C?D�I��
IF;9?C;D

IF;9?C;DI�%
>EKH

J?C;��C?D�I��
IF;9?C;D

IF;9?C;DI�%
>EKH

J?C;��C?D�I��
IF;9?C;D

IF;9?C;DI�%
>EKH

�
�-F;9?C;D��NJH79J?ED�7D:�-EHJ?D= % ����� 169 % ���
� % % ����\�
�� % ����� ����\���

�
��7H9E:?D= % ����� 158 % ����
 % 
�
�\�� % ����� 
���\��7

�
�#C7=;��7FJKH;� % �����8 108 % ����� % ���\�� % ����� ���\��
�
�*H;	97J7BE=��7J7��DJHO� % �����8 � ��8 % �
���8%

% ��
����
% ��
��\�

�8
% ����\���

% �����8
% ��
����

638
����\���

�
�0;H?<?97J?ED�E<�*H;	97J7BE=��7J7 % �����8 1068 % �����8
�������

% ���\��
�8
% ����\���

% �����8
% ��
����

1138
����\�
��

 
�-F;9?C;DI�,;JKHD;:�JE��EBB;9J?ED % ����
9 % ����

� % �����\��
� % ����
 ���
�\����
';:?7D��;DJ?H;�87J9>;I % ����
8 % ���
�8

�������
% 198
% �
��\��
��

% �����8
% �������

��8
�
��\���

1EHIJ	97I;�I9;D7H?E��C7N
�J?C;�IF;9?C;D� % ����� % ����� % �����
7�#D�1EHA<BEM���.7IA�����7H9E:?D=��?D9BK:;:�J>;�9H;7J?ED�E<�7�IFH;7:I>;;J�M?J>�EDBO�<EKH�:7J7�<?;B:I��9EBKCDI��FEFKB7J;:�<EH�JH79A?D=�FKHFEI;I
�
8�07BK;I�87I;:�ED�IE<JM7H;�J?C;IJ7CF�:7J7��JE�C7?DJ7?D�9EDI?IJ;D9O�7CED=�J7IAI��J?C;�:7J7�<HEC�MEHA;HIc�J?C;�BE=I�M;H;�KI;:�?DIJ;7:��M>;D�
7L7?B78B;��?D�F7H;DJ>;I?I���<EH�IJ7J?IJ?97B�7D7BOI;I
� EH�.7IA����1EHA<BEM�
�97FJKH;:�?C7=;I�EDBO�E<�B78;BI��1EHA<BEMI���7D:���97FJKH;:�?C7=;I�E<�
B78;BI�7D:�;DJ?H;�IF;9?C;DI


9�.?C;I�<EH�.7IA� �M;H;�DEJ�C;7IKH;:�?D�1EHA<BEM�
��8KJ�7H;�DEJ�;NF;9J;:�JE�:?<<;H�7I�7�H;IKBJ�E<�MEHA<BEM�:;I?=D��L7BK;�?I�;IJ?C7J;:�<HEC�J>;�
C;7D�E<�.7IA� �?D�1EHA<BEMI���7D:��_M>?9>�JKHD;:�EKJ�JE�8;�7BCEIJ�?:;DJ?97B
�
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!H7DPEM	:;�B7��;H:7����;79>�Y�Acquiring)specimen)data)from)herbarium)labelsTAXON��������Y��;9;C8;H���
���
���^
���

ED;�I>;;J�EH�J>EI;�M?J>�7D9?BB7HO�C7J;H?7B�IK9>�7I�<HK?J�8EN;I�
M;H;�87H9E:;:�M?J>�7�:;:?97J;:�I;H?;I�J>7J�9EDJ7?D;:�H;F;7J;:�
DKC8;HI�<EBBEM;:�8O�I;GK;DJ?7B�B;JJ;HI�7D:�<B7==;:�M?J>�7�IJH?F�
E<�9EBEH;:�F7F;H�JE�M7HD�J>;�F;HIED�97FJKH?D=�?C7=;I��.7IA����
8;BEM��E<�J>;�D;;:�JE�F>EJE=H7F>�J>7J�7::?J?ED7B�C7J;H?7B�7D:�
J>;�9>7D=;�?D�DKC8;H?D=�I;GK;D9;


Task*C.*Image*Capture.*–�#C7=;I�E<�J>;�IF;9?C;D�B78;BI�
M;H;�J7A;D�KI?D=�:?=?J7B�97C;H7I��;79>�CEKDJ;:�ED�7�97C;H7�
IJ7D:
�#D�1EHA<BEM�
�?C7=;I�M;H;�J7A;D�M?J>�ED;�97C;H7�F;H�
?C7=;�97FJKH;�IJ7J?ED
�#D�1EHA<BEMI���7D:����J>;�?C7=;�97F	
JKH;�IJ7J?ED�9EDI?IJ;:�E<�JME�97C;H7I��;79>�97FJKH?D=�ED;�JOF;�
E<�?C7=;
��EJ>�97C;H7I�M;H;�EF;H7J;:�I?CKBJ7D;EKIBO�8O�7�
I?D=B;�9ECFKJ;H�L?7�/-��EH�#����
����� ?H;M?H;��FEHJI��;79>�
J>HEK=>�?JI�EMD�FHEFH?;J7HO�?C7=;�97FJKH;�IE<JM7H;��DEJ;�J>7J�
?D�EH:;H�JE�KI;�JME�97C;H7I�I?CKBJ7D;EKIBO��;79>�D;;:;:�JE�8;�
9EDJHEBB;:�J>HEK=>�7�:?<<;H;DJ�97FJKH;�7FFB?97J?ED��M>?9>�M7I�
DEJ�7�FHE8B;C�I?D9;�J>;O�M;H;�:?<<;H;DJ�8H7D:I�� K@?�7D:�(?AED��
H;IF;9J?L;BO�
�#C7=;�<?B;I�M;H;�D7C;:�9EDI;9KJ?L;BO�J>HEK=>�
J>;�97FJKH;�IE<JM7H;�7D:�:?H;9JBO�I7L;:�EDJE�>7H:�:H?L;I
�(;9	
;II7HO�<H7C;�7:@KIJC;DJI�9EKB:�8;�C7:;�KI?D=�J>;�PEEC�B;DI��7J�
FH;	I;J�<E97B�:?IJ7D9;I��JE�97FJKH;�7DO�7DDEJ7J?ED�B78;BI�J>7J�<;BB�
EKJ�E<�J>;�IJ7D:7H:�<H7C;�7H;7
�1>;D�D;9;II7HO��7D�7::?J?ED7B�
?C7=;��H7H;BO�CEH;��M7I�J7A;D�JE�97FJKH;�B78;BI�J>7J�M;H;�7<	
<?N;:�;BI;M>;H;�ED�J>;�IF;9?C;D�I>;;J
�#<�7D�7::?J?ED7B�?C7=;�
M7I�J7A;D��J>;�IF;9?C;D�M7I�<B7==;:�M?J>�7�IJH?F�E<�9EBEH;:�
F7F;H�JE�?D:?97J;�J>;�D;;:�JE�H;9EH:�J>;�;N?IJ;D9;�E<�7D�7::?	
J?ED7B�?C7=;�:KH?D=�FH;	97J7BE=�:7J7�;DJHO��D;NJ�J7IA�
�)8L?EKI�
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http://lizardtech.com
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J>;�I7C;�7I�<EH�1EHA<BEM�
�;N9;FJ�<EH�
���";H87H?KC�E<�EH?=?D���
7D:�DE�CEH;�J>7D�JME�:;J;HC?D7J?EDI��<?;B:����M;H;�H;9EH:;:��
J>;�CEIJ�H;9;DJ�7D:��?<�:?<<;H;DJ�� J>;�EH?=?D7B�ED�J>;�IF;9?	
C;D�B78;B
�.>;�-F;9?<O�:7J787I;�M7I�>EIJ;:�7J�7�BE97B�I;HL;H�
7J�J>;�>;H87H?KC��D;JMEHA;:�M?J>�KF�JE�J>H;;�EJ>;H�1?D:EMI�
9ECFKJ;HI�7I�9B?;DJI
�.7IA���)L;H?<?97J?ED�E<�:7J7�;DJ;H;:�M7I�
9ED:K9J;:�?D�J>;�I7C;�C7DD;H�7I�?D�1EHA<BEM�



Workflow*3.*–�.7IAI���7D:� �H;C7?D;:�KDCE:?<?;:
�.7IA�
���7I�7�87J9>�E<�IF;9?C;DI��7�HEBB?D=�97I;��M;H;�8;?D=�87H9E:;:��
7�FH;B?C?D7HO�B?IJ�M7I�9H;7J;:�7I�7�'?9HEIE<J��N9;B�IFH;7:I>;;J��
M>?9>�9EDI?IJ;:�E<�J>;�I;GK;DJ?7B�I;H?;I�E<�87H9E:;�DKC8;HI�
J>7J�MEKB:�8;�7II?=D;:�JE�J>EI;�IF;9?C;DI
�)DBO�:7J7�<EH�@KIJ�
<EKH�<?;B:I���
��97J7BE=�DKC8;H��87H9E:;�������<7C?BO������J7NED�
D7C;��7D:�����9EKDJHO�E<�EH?=?D��M;H;�H;9EH:;:�<EH�;79>�IF;9?	
C;D
�.7IA����?C7=;�97FJKH;�M7I�9ED:K9J;:�?D�7D�?:;DJ?97B�
C7DD;H�7I�?D�1EHA<BEM����8KJ�7J�J>;�9ECFB;J?ED�E<�J>?I�J7IA�J>;�
87J9>�M7I�H;JKHD;:�:?H;9JBO�JE�J>;�9EBB;9J?ED�978?D;JI��?
;
��JE�
.7IA� 
�.7IA����:7J7�;DJHO�:?<<;H;:�IK8IJ7DJ?7BBO�<HEC�J>;�EJ>;H�
JME�MEHA<BEMI�7I�H;9EH:I�M;H;�9H;7J;:�?D�7� ?B;'7A;H�*HE�:7J7	
87I;%(MMM
<?B;C7A;H
9EC�
�#CFEHJ?D=�J>;��N9;B�IFH;7:I>;;JI�
FH;L?EKIBO�=;D;H7J;:�?D�.7IA����87H9E:?D=��M7I�J>;�87I?I�<EH�
J>;� ?B;'7A;H�*HE�FH;	97J7BE=
�"OF;HB?DAI�JE�J>;�9EHH;IFED:	
?D=�B78;B�?C7=;I�>EIJ;:�7J�J>;�'#�"�I;HL;H�M;H;�7KJEC7J?97BBO�
=;D;H7J;:�<EH�;79>�H;9EH:
�.>;�:7J787I;�M7I�KFBE7:;:�JE�7�
";H87H?KC�I;HL;H
���I?D=B;�:7J7	;DJHO�F;HIED�MEHA?D=�E<<	I?J;�
MEKB:�:EMDBE7:�J>;� '*�FH;	97J7BE=�<HEC�J>;�'#�"�I;HL;H�
7D:�FEFKB7J;�J>;�;?=>J�H;C7?D?D=�<?;B:I�8O�A;OIJHEA?D=�<HEC�
B78;B�?C7=;I
�.>;�?C7=;I��>EIJ;:�7J�J>;�'#�"�:7J7�I;HL;H��
M;H;�?DLEA;:�J>HEK=>�/,&�>OF;HB?DAI�?D�J>;� '*�FH;	97J7BE=
�
.7IA����FH;	97J7BE=�H;9EH:I�M;H;�9>;9A;:�7=7?DIJ�B78;B�?C7=;I�
8O�J>;�FHE@;9J�:?H;9JEH�8O�?DLEA?D=�J>;�9EHH;IFED:?D=�>OF;HB?DA�

http://www.specifysoftware.org
http://www.filemaker.com
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<EH�;79>�H;9EH:
�#D�J>?I�MEHA<BEM��H;9EH:I�M;H;�KIK7BBO�9>;9A;:�
BED=�7<J;H�:7J7�;DJHO��7I�IF;9?C;DI�M;H;�H;JKHD;:�JE�J>;�9EBB;9	
J?ED�978?D;JI�7<J;H�.7IA��


. MEASUREMENT OF WORKFLOW EFFICIENCY

Stage I. —�.?C;�7D:�CEJ?ED�:7J7�M;H;�9EBB;9J;:�<EH�;79>�
87J9>�E<�IF;9?C;DI��;79>�HEBB?D=�97I;��7I�J>;O�M;H;�HKD�J>HEK=>�
;79>�E<�J>;�CE:KB7H�J7IAI�E<�-J7=;�#��-F;9?C;D�"7D:B?D=�7D:�
*H;	97J7BE=��7J787I;��H;7J?ED�
�#D�7BB�J>H;;�MEHA<BEMI��J?C;�
:7J7�<EH�FH;	97J7BE=�:7J7�;DJHO�7D:�L;H?<?97J?ED�E<�FH;	97J7BE=�
J7IAI��7I�M;BB�7I�<EH�J>;�?C7=;�97FJKH;�J7IA�?D�1EHA<BEM�
��M;H;�
7BB�J7A;D�<HEC�-F;9?<O�7D:�?C7=;�97FJKH;�IE<JM7H;�J?C;IJ7CFI��
H;IF;9J?L;BO
�)J>;HM?I;��:7J7�M7I�J7A;D�<HEC�J?C;�BE=I�A;FJ�8O�
MEHA;HI��?D9BK:?D=�FH;	97J7BE=�;DJHO�7D:�L;H?<?97J?ED�J7IAI�?D�
1EHA<BEMI���7D:����<EH�M>?9>�;?J>;H�IEKH9;_IE<JM7H;�J?C;	
IJ7CFI�EH�MEHA;HIc�J?C;BE=I_M7I�9EDI?:;H;:
��7J7�KI;:�<EH�
9ECF7H?D=�;<<?9?;D9?;I�8;JM;;D�:?<<;H;DJ�MEHA<BEMI�M7I�J>;�
C;:?7D�J?C;�F;H�IF;9?C;D�JE�9ECFB;J;�;79>�J7IA
�)D;	M7O�
7D7BOI?I�E<�L7H?7D9;�7D:�8?L7H?7J;�<?J�J;IJI�M;H;�9ED:K9J;:�JE�
:;J;HC?D;�I?=D?<?97D9;�E<�:?<<;H;D9;I�?D�;<<?9?;D9?;I�KI?D=�J>;�
$'*�F79A7=;��L
�
��<EH�'79)-2��-�-�#DIJ?JKJ;�
�.?C;�:7J7�
H;9EH:;:�?D9BK:;I�J?C;�IF;DJ�CEL?D=�87J9>;I�<HEC�ED;�J7IAcI�
BE97J?ED�JE�J>;�D;NJ��9EDIKBJ?D=�M?J>�IKF;HL?IEHI�EH�9KH7JEHI��
BE7:?D=�DEL;B�J7NEDEC?9�EH�7=;DJ�D7C;I�EDJE�J>;?H�H;IF;9J?L;�
:7J7�J78B;I��?D9BK:?D=�9>;9AI�7=7?DIJ�DEC;D9B7JKH7B�H;IEKH9;I���
7D:�8;?D=�:?IJH79J;:�<HEC�J>;�J7IA
��H;7AI�B7IJ?D=�]���C?DKJ;I�
J>7J�?DJ;HHKFJ;:�J>;�MEHA<BEM�M;H;�;N9BK:;:�<HEC�97B9KB7	
J?EDI��?
;
��J>;�9BE9A�M7I�IJEFF;:���8KJ�J>EI;�����C?DKJ;I�M;H;�
H;=7H:;:�7I�F7HJ�E<�J>;�D7JKH7B�MEHA<BEM


Workflow*1.*–�1EHA<BEM�I7CFB;I�E<�;B7FI;:�J?C;I�<EH�?D:?	
L?:K7B�J7IAI�M;H;�J7A;D�<HEC�J>EI;�9ED:K9J;:�8O�<KBBO�JH7?D;:�
F;HIEDD;B�?D�J>;�B7IJ�O;7H�E<�J>;�FHE@;9J��M>;D�>7H:M7H;��IE<J	
M7H;�7D:�H;CEJ;�:7J7�;DJHO�?IIK;I�M;H;�CEIJBO�H;IEBL;:�7D:�
;<<?9?;D9O�EFJ?C?P;:
��7J7�I7CFB;I�<EH�7D7BOP?D=�FHE:K9J?L?JO�
M;H;�J7A;D�JE�?D9BK:;�H7J>;H�BED=�IJH;J9>;I�E<�J?C;���^��>EKHI���
IE�J>;�C;:?7DI�=?L;D�7H;�CEH;�H;7B?IJ?9�8O�799EKDJ?D=�<EH�7BB�
CEJ?EDI�:;H?L;:�<HEC�DEHC7B�79J?L?JO
�.?C;	CEJ?ED�:7J7�<EH�
.7IA����?C7=;�97FJKH;��M;H;�J7A;D�<HEC�<?B;�9H;7J?ED�J?C;I��
7D:�<EH�.7IAI���7D:���<HEC�H;9EH:�9H;7J;:�7D:�H;9EH:�CE:?<?;:�
J?C;IJ7CFI��H;IF;9J?L;BO��IJEH;:�8O�-F;9?<O�M?J>�;79>�H;9EH:��
7BED=�M?J>�F;HIED�M>E�B7IJ�CE:?<?;:�?J�
�,;9EH:;:�J?C;IJ7CFI�
M;H;�J7A;D�<EH�7�=?L;D�F;HIEDcI�;DJ?H;�:7O�E<�EF;H7J?ED


Workflows*2*and*3.*–�.?C;	CEJ?ED�:7J7�<EH�7BB�CE:KB7H�
J7IAI�M;H;�H;9EH:;:�<EH����E<�J>;�
���87J9>;I�E<�IF;9?C;DI�
J>7J�M;H;�FHE9;II;:�:KH?D=�J>;�I;9ED:�?J;H7J?ED�E<�J>;�FHE@;9J�
�����^���
��7J7�<HEC����87J9>;I���������IF;9?C;DI��M;H;�FHE	
9;II;:�J>HEK=>�1EHA<BEM����7D:����87J9>;I��

�����IF;9?C;DI��
J>HEK=>�1EHA<BEM���M;H;�IK?J78B;�<EH�J>;�7D7BOI?I
�*;HIEDD;B�
9ED:K9J?D=�;79>�J7IA�<?BB;:�:7J7�BE=I�M?J>�J>;�J?C;�IF;DJ�ED�
;79>�J7IA�7D:�J>;�IF;9?C;DI�FHE9;II;:��87I;:�ED�I;GK;D9;I�E<�
87H9E:;�DKC8;HI��<EH�;L;HO�87J9>
��7J7�M;H;�H;:K9;:�JE�C?D	
KJ;I�IF;DJ�F;H�IF;9?C;D��EH�JE�IF;9?C;DI�FHE9;II;:�F;H�>EKH�
ED�;79>�J7IA����JE� 
�1EHA�I;II?EDI�M;H;�:;<?D;:�7I�IJH;J9>;I�
E<�9EDJ?DKEKI�J?C;�J>7J�7�MEHA;H�MEKB:�IF;D:�ED�7�=?L;D�J7IA��
7I�BED=�7I�?:B;�J?C;�:?:�DEJ�;N9;;:����C?DKJ;I
��::?J?ED7BBO��
<EH�.7IAI���7D:����*H;	97J7BE=��7J7��DJHO�7D:�0;H?<?97J?ED��

J?C;�;B7FI;:�M7I�7BIE�J7A;D�<HEC�H;9EH:�9H;7J?ED�CE:?<?97J?ED�
J?C;IJ7CFI�FHEL?:;:�8O�J>;�IE<JM7H;��-F;9?<O�?D�1EHA<BEM����
 '*�?D�1EHA<BEM���


Stage II. —��7J7	;DJHO�7D:�=;EH;<;H;D9?D=�IF;9?7B?IJI�?D�
';N?9E��?JO�9ED:K9J;:�-J7=;�##��!;EH;<;H;D9?D=�7D:�,;9EH:�
�ECFB;J?ED��<EH�97
��������H;9EH:I�J>7J�M;H;�FH;	97J7BE=;:�
7J�'#�"�:KH?D=�-J7=;�#�E<�1EHA<BEM�

�)DBO�J>;�FH;	97J7BE=�
7D:�B78;B�?C7=;I�=;D;H7J;:�:KH?D=�-J7=;�#�E<�1EHA<BEM�
�M;H;�
FHE9;II;:�J>HEK=>�J>?I�-J7=;�##��J>KI�DE�9ECF7H?IED�M?J>�EJ>;H�
MEHA<BEMI�M7I�:H7MD�<EH�J>?I�IJ7=;


RESULTS

Comparison among Workflows. —).>;�JEJ7B�J?C;�JE�
FHE9;II�7�IF;9?C;D�J>HEK=>�J>;�-F;9?C;D�"7D:B?D=�7D:�*H;	
97J7BE=��7J787I;��H;7J?ED�-J7=;�M7I����
�C?D�<EH�1EHA<BEM�

�
.>?I�?I�J>;�IKC�E<�J>;�C;:?7D�J?C;I�<EH�;79>�E<�CE:KB7H�J7IAI�
J>7J�9EDIJ?JKJ;�J>;�MEHA<BEMIc�-J7=;�#��.78B;�
�
�.>;�IJ7J?IJ?9�
?I�87I;:�ED�J7IA�:7J7�<HEC�J>;�B7IJ�O;7H�E<�J>;�FHE@;9J��M>;D�
;<<?9?;D9O�M7I�EFJ?C?P;:
�#D�7�MEHIJ	97I;�I9;D7H?E��7::?D=�
J>;�J?C;I�<EH�J>;�IBEM;IJ�F;H<EHC7D9;�E<�;79>�CE:KB7H�J7IA���
�����C?D�MEKB:�8;�H;GK?H;:�JE�FHE9;II�7�IF;9?C;D�?D�<KBB��M>?B;�
?D�7�8;IJ	97I;�I9;D7H?E��7::?D=�J>;�<7IJ;IJ�F;H<EHC7D9;�E<�;79>�
CE:KB7H�J7IA���EDBO������C?D�MEKB:�8;�H;GK?H;:


#D� 1EHA<BEM� �� F;H	IF;9?C;D� C;:?7D� J?C;� 79HEII� 7BB�
87J9>;I�M7I������C?D��
��IF;9?C;DI�F;H�>EKH���7D:�?D�1EHA	
<BEM��������C?D
�';:?7D�J?C;I�JE�FHE9;II�7�IF;9?C;D�J>HEK=>�
-J7=;�#�I>EM;:�D;=B?=?8B;�:?<<;H;D9;�8;JM;;D�1EHA<BEM���7D:�
1EHA<BEM����.78B;�
�
�.>;I;�H;IKBJI�7H;�87I;:�ED�:7J7�E8J7?D;:�
<HEC�MEHA;HIc�J?C;�BE=I��7D:�EK=>J�JE�8;�H;=7H:;:�7I�H7J>;H�
9EDI;HL7J?L;�<?=KH;I
�1>;D�IE<JM7H;�J?C;IJ7CFI�M;H;�KI;:�<EH�
97B9KB7J?D=�J?C;�IF;DJ�9ED:K9J?D=�FH;	97J7BE=�:7J7�;DJHO��7D:�
L;H?<?97J?ED_J>;�JME�CEIJ�J?C;	?DJ;DI?L;�J7IAI_J>;�C;:?7D�
J?C;I�<EH�1EHA<BEMI���7D:���M;H;���
��C?D�7D:������C?D�F;H�
IF;9?C;D��H;IF;9J?L;BO��M?J>�J>;�IBEM;IJ�87J9>;I�7J������C?D�
7D:������C?D�F;H�IF;9?C;D��H;IF;9J?L;BO


Effect of modular task design on efficiency. —))D�
7�F;H	J7IA�87I?I��DE�IJ7J?IJ?97BBO�I?=D?<?97DJ�:?<<;H;D9;I�M;H;�
<EKD:�<EH�J7IAI�J>7J�H;C7?D;:�KD9>7D=;:�8;JM;;D�1EHA<BEMI�
��7D:����.7IAI�������7D:� ��.78B;�
�
�#D�1EHA<BEMI���7D:�
��.7IA����-F;9?C;D��NJH79J?ED�7D:�-EHJ?D=��I;;C�JE�>7L;�
8;;D�9ED:K9J;:�7J�7�<7IJ;H�F79;�J>7D�?D�1EHA<BEM�
��8KJ�J>;�
7CEKDJ�E<�:7J7�=7J>;H;:�:KH?D=�?CFB;C;DJ7J?ED�E<�J>?I�J7IA�
<EH�1EHA<BEM�
�M7I�?DIK<<?9?;DJ�JE�:;J;HC?D;�M>;J>;H�IK9>�
:?<<;H;D9;�?I�I?=D?<?97DJ
�#D�1EHA<BEM�
��ED�J>;�EJ>;H�>7D:��7�
IB?=>JBO�<7IJ;H�F79;�<EH�?C7=;�97FJKH;��.7IA����M7I�I;;D�M?J>�
H;IF;9J�JE�1EHA<BEMI���7D:����.78B;�
���8KJ�DEJ�?D�7�I?=D?<?	
97DJ�C7DD;H��P*���
���
�.>?I�?D:?97J;I�J>7J�J>;�7::;:�8KH:;D�
E<�J7A?D=�J>;�7::?J?ED7B�>?=>	H;IEBKJ?ED�?C7=;�E<�J>;�;DJ?H;�
IF;9?C;D��?D�1EHA<BEMI���7D:����>7:�B?JJB;�;<<;9J�ED�MEHA<BEM�
;<<?9?;D9O�EH�9EIJ


�ECF7H?D=�J>;�F79;�E<�9ED:K9J?D=�FH;	97J7BE=�:7J7�;DJHO�
�.7IA����8;JM;;D�1EHA<BEM�
�7D:�1EHA<BEM����7D�7D7BOI?I�
E<�L7H?7D9;�I>EMI�J>7J�.7IA���HKDI�I?=D?<?97DJBO�<7IJ;H��F���



����P*���
��
��?D�1EHA<BEM���J>7D�?D�1EHA<BEM�
�����7D:����
IF;9?C;DI�>EKH��H;IF;9J?L;BO�
�#D�8EJ>�MEHA<BEMI�H;9EH:I�M;H;�
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FEFKB7J;:�?DJE�7�-F;9?<O�:7J787I;�<EH�7�L;HO�I?C?B7H�I;J�E<�<?;B:I��
M?J>�JME�C7?D�:?<<;H;D9;I
� ?HIJ��J>;�J7NED�D7C;��:;J;HC?D;HcI�
D7C;��7=;DJ���7D:�O;7H�E<�:;J;HC?D7J?ED�J>7J�799ECF7D?;:�7BB�
IK99;II?L;�:;J;HC?D7J?EDI�7D:�7DDEJ7J?EDI�<EH�7�=?L;D�IF;9?	
C;D_M>;D�IJ7J;:_M;H;�H;9EH:;:�:KH?D=�1EHA<BEM�
��<?;B:I�
������7D:����78EL;�
��KH?D=�1EHA<BEM����>EM;L;H��EDBO�J>;�CEIJ�
H;9;DJ�:;J;HC?D7J?ED�M7I�H;9EH:;:�7D:��?<�:?<<;H;DJ��7BIE�J>;�
EH?=?D7B�ED;��J>;�ED;�=?L;D�?D�J>;�9EBB;9J?ED�B78;B��IKFFEI;:BO�
J>7J�KD:;H�M>?9>�J>;�IF;9?C;D�M7I�:?IJH?8KJ;:�
�-;9ED:��J>;�
<?;B:�<EH�J>;�IF;9?C;DcI�>;H87H?KC�E<�EH?=?D��?
;
��>;H87H?KC�J>7J�
:?IJH?8KJ;:�J>EI;�:KFB?97J;I�EH�exsiccatae��7I�?D:?97J;:�?D�B78;B�
>;7:;HI��?<�ED;�E<�J>;�7FFHEN
����<EH�M>?9>�'#�"�>EB:I�7�B7H=;�
DKC8;H�E<�';IE7C;H?97D�:KFB?97J;I��M7I�H;9EH:;:�?D�1EHA	
<BEM�
��8KJ�J>;�FH79J?9;�M7I�787D:ED;:�:KH?D=�?CFB;C;DJ7J?ED�
E<�1EHA<BEMI���7D:��
�';:?7DI�E<�F;H	IF;9?C;D�J?C;I�<EH�J>;�
FH;	97J7BE=�:7J7�;DJHO�J7IA�M;H;�H;:K9;:�8O�����?D�1EHA<BEM�
���7D:��
��?D�1EHA<BEM��
��I�;NF;9J;:��H;:K9?D=�DKC8;H�E<�
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