
Cogni&ve	  Systems	  Engineering	  
Shaping	  understanding	  with	  constraints	  

Prof	  Penelope	  Sanderson	  
The	  University	  of	  Queensland	  

Australia	  
	  
	  

ODAM-‐NES	  2014	  -‐	  Copenhagen	  



Program	  commi*ee:	  Patrick	  Waterson	  (Chair),	  Jean-‐Christophe	  Le	  Coze,	  John	  
Paul	  Hansen,	  Henning	  Boje	  Andersen	  
Local	  organisers:	  Henning	  Boje	  Andersen	  (Chair),	  John	  Paulin	  Hansen,	  Ole	  
Broberg,	  Tina	  Weller	  
Wednesday	  20	  August	  -‐	  at	  DGI	  Byen	  -‐	  13:00	  –	  16:45	  
Thursday	  21	  August	  -‐	  at	  Risoe	  Na&onal	  Lab	  -‐	  08:00	  –	  13:00	  
	  

Forthcoming	  Legacy	  of	  Jens	  Rasmussen	  symposium	  



Outline	  of	  today’s	  talk	  

•  Jens	  Rasmussen’s	  professional	  legacy	  
–  Facts,	  icons,	  resources,	  themes	  

•  Two	  sample	  uses	  of	  Rasmussen’s	  ideas	  
–  Sensor	  Abstrac&on	  Hierarchies	  
–  Ecological	  Interface	  Design	  for	  auditory	  displays	  

•  The	  Legacy	  symposium	  



Jens	  Rasmussen	  
Some	  career	  facts	  

1950:	  M.Sc.	  (Hons)	  electronic	  engineering	  from	  Technical	  University	  of	  
Denmark	  
1956:	  Joined	  the	  AEC’s	  Research	  Establishment	  at	  Risø	  
1962-‐1987:	  Head	  of	  Electronics	  Department	  at	  Risø	  Na&onal	  Laboratory.	  	  
1987-‐1992:	  Research	  Professor	  of	  Cogni&ve	  Engineering	  at	  Risø	  Na&onal	  
Laboratory	  and	  Technical	  University	  of	  Denmark.	  
Acer	  re&rement:	  Free-‐lance	  consultant	  with	  WPAFB,	  EOARD,	  SRSA,	  JAERI,	  
and	  many	  other	  organisa&ons,	  and	  guest	  at	  many	  academic	  ins&tu&ons.	  
	  
Two	  honorary	  doctorates	  and	  mul&ple	  professional	  awards	  including:	  
2013:	  Elec&on	  to	  the	  US	  Na&onal	  Academy	  of	  Engineering.	  



“Denmark	  was	  once	  at	  the	  forefront	  of	  nuclear	  
research	  and	  had	  planned	  on	  building	  nuclear	  
power	  plants.	  	  
However,	  in	  1985,	  the	  Danish	  parliament	  passed	  a	  
resolu&on	  that	  nuclear	  power	  plants	  would	  not	  be	  
built	  in	  the	  country	  and	  there	  is	  currently	  no	  move	  
to	  reverse	  this	  situa&on.”	  

hfp://www.world-‐nuclear.org/info/Country-‐Profiles/
Countries-‐A-‐F/Denmark/	  



Major	  themes	  in	  Rasmussen’s	  legacy	  

•  Human	  operator	  ac&vity	  results	  from	  behaviour-‐shaping	  
constraints	  that	  we	  can	  iden&fy	  and	  analyse.	  

•  The	  human	  operator	  is	  a	  flexible	  and	  adap&ve	  element	  who	  
“finishes	  the	  design”	  of	  the	  technical	  system	  she	  or	  he	  
operates.	  

•  Human	  operators	  cope	  with	  complexity	  by	  recourse	  to	  different	  
mental	  models	  and	  different	  modes	  of	  mental	  ac&vity.	  

•  Risk	  management	  –	  and	  safety	  –	  require	  an	  understanding	  of	  
the	  whole	  sociotechnical	  and	  sociopoli&cal	  context	  of	  work.	  

•  Profoundly	  func&onal	  perspec&ve,	  supported	  by	  strong	  
graphical	  modeling	  approach	  and	  powerful	  analy&c	  templates.	  



Major	  influences	  

•  Cogni&ve	  systems	  engineering	  “a	  conceptual	  marketplace”	  
–  Physics	  
–  Control	  engineering	  
–  History	  and	  philosophy	  of	  science	  
–  Cogni&ve	  science	  
–  Judgment	  and	  decision	  making	  
–  European	  work	  psychology	  
–  Ecological	  psychology	  
–  Sociology	  
–  Organisa&onal	  and	  management	  science	  
–  Engineering	  design…	  



Top-‐ranked	  papers	  on	  Google	  Scholar	  and	  Web	  of	  Science	  



Rasmussen	  (1986)	  

Rasmussen,	  Pejtersen,	  
and	  Goodstein	  (1994)	  

Goodstein,	  Andersen,	  
and	  Olsen	  [Eds]	  	  (1988)	  

Rasmussen	  &	  
Rouse	  [Eds]	  (1981)	  

Rasmussen	  and	  
Svedung	  (2001)	  

Some	  key	  outputs	  –	  and	  a	  festschric	  



Risk	  management	  and	  safety	  
Recent	  survey	  of	  contribu&on	  



THEME:	  Human	  as	  adap&ve	  system	  element	  
that	  “finishes	  the	  design”	  

“Brownian	  mo&on”	  
metaphor	  for	  
adapta&on	  to	  forces	  
shaping	  opera&onal	  
decisions	  



THEME:	  Nested	  behavior-‐shaping	  constraints	  
Cogni&ve	  Work	  Analysis	  

	  
An	  approach,	  and	  a	  
framework,	  for	  analysis,	  
modeling,	  design,	  and	  
evalua&on.	  

Analy&cal	  templates	  for	  
capturing	  the	  constraints	  
at	  each	  level	  (abstrac&on	  
decomposi&on	  space,	  
decision	  ladder,	  etc.)	  



Cogni&ve	  Work	  Analysis	  
Exposi&ons	  and	  applica&ons	  by	  “the	  next	  genera&ons”	  

Vicente	  (1999)	   Bisantz	  &	  Burns	  (2009)	  

Jenkins,	  
Stanton,	  
Salmon	  &	  

Walker	  (2009)	  

Naikar	  (2013)	  

Lintern	  (2013)	  



THEME:	  Support	  different	  modes	  of	  mental	  ac&vity	  
Ecological	  Interface	  Design	  

Convey	  veridical	  model	  of	  the	  system	  to	  operators/users	  
Support	  skill,	  rule,	  and	  knowledge	  based	  behaviour	  
Show	  safety	  boundaries.	  

Rasmussen	  and	  Lind	  (1981)	  
Vicente	  and	  Rasmussen	  (1990;	  1992)	  

Burns	  &	  
Hajdukiewicz	  
(2004)	  

Bennef	  &	  Flach	  (2012)	  



THEME:	  Risk	  and	  safety	  emerge	  from	  dynamics	  
of	  sociotechnical/sociopoli&cal	  systems	  

Rasmussen	  (1997)	  

Rasmussen	  and	  
Svedung	  (2001)	  



Risk	  and	  safety	  emerge	  from	  dynamics	  of	  
sociotechnical/sociopoli&cal	  systems	  

AcciMaps	  

Rasmussen	  (1997)	   Rasmussen	  and	  Svedung	  (2001)	  



EXAMPLE:	  Cogni&ve	  Work	  Analysis	  

Using	  Rasmussen’s	  Abstrac&on	  
Hierarchy	  to	  determine	  the	  sensor	  
requirements	  for	  an	  interpretable	  
and	  trustworthy	  visual	  interface	  
	  
Simple	  example;	  later	  example	  
with	  pasteurisa&on	  plant.	  

Human	  operator	  informa&on	  needs	  should	  drive	  the	  
design	  of	  the	  sensor	  instrumenta&on	  (not	  vice-‐versa)	  

Reising	  (1999)	  
Reising	  &	  Sanderson	  (2002a;	  2002b;	  2004)	  



1.	  With	  faulty	  sensor,	  display	  gives	  
misleading	  indica&ons	  (valve	  reading	  
stuck?)	  

2.	  Add	  the	  needed	  sensor	  and	  anomaly	  
is	  easier	  to	  see	  (level	  reading	  wrong?)	  



EXAMPLE:	  Ecological	  Interface	  Design	  
…in	  the	  auditory	  modality	  

•  What	  informa&on	  is	  needed	  to	  meet	  priori&es	  and	  values?	  
•  What	  aspects	  of	  monitoring	  should	  be	  skill,	  rule,	  or	  

knowledge-‐based?	  
•  How	  to	  increase	  sensi&vity	  to	  approach	  to	  boundaries,	  but	  

not	  burden	  user’s	  afen&on	  with	  con&nual	  monitoring?	  
•  Example	  from	  neonatal	  pulse	  oximetry	  monitoring.	  

Watson	  and	  Sanderson	  (2004;	  2007)	  
Sanderson	  et	  al.	  (2008)	  



END	  


