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Motivation and problem
• How can we compare checklists/procedures?

• How can we compare research results regarding 
procedures/checklists?

• How can design guidance be identified from research results?

• Problem: we can’t do these things without a formal language for 
discussing procedures/checklists.



Approach
• About what are we concerned in analyzing procedure following?

– Compliance?
– Outcomes?

• Develop formal definitions for procedures/checklists

• Identify design tradeoffs

• (Exercise those definitions in a set of experiments)





Enumeratable characteristics

{ }Linear,Out/In,Hierarchy,Simultaneous,Tree,MixedNS ∈Navigation structure

Style, formatting, and layout can also be enumerated in this way.



Countable characteristics

( )Span CL M=Number of steps

Time to complete may be any parameter of the distribution of time 
it takes to complete the procedure/checklist, may be the distribution 
itself, or may be the operator’s perception of the time to complete.

( )memorySpan CLNumber of memory items



Remaining characteristics require definition

( ){ } [ ], ,1 ,,..., ; 1,i j i i n is s s i M= =
Set of possible “strings” of interactions 
that can be used to accomplish an 
individual step of the procedure/checklist

• Detail, complexity: intrinsic to procedure/checklist

• Boundary conditions, reliability, robustness, accuracy , 
comprehensiveness: related to outcomes

Each string made up of a 
sequence of interaction 
primitives 

n(i) is the number of possible strings for step i
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Detail & complexity
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Procedure detail: inverse of the average number 
of ways one could accomplish the step in the 
procedure.  If there is only one way, then PD = 
1.  As n(i)→∞, PD→0.

Complexity defined, in part, using 
Shannon entropy, and is roughly based on 
work defining complexity for physical 
phenomena*, although procedures are 
neither stationary nor ergodic.  It attempts 
to capture the variability in how a 
procedure/checklist could be 
accomplished.

where

*Grassberger, P., 1986. Toward a quantitative theory of self-
generated complexity. International
Journal of Theoretical Physics, 25, 907–938
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Remaining definitions
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Boundary conditions:
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Designed2

Perceived
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Reliability3 positive outcome D
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Robustness3 positive outcome D
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Comprehensiveness3 ( )
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3since BC is not identifiable to 
designers, these measures must 
be obtained empirically.  

2compliance to the procedure/checklist 
is likely a boundary condition

These definitions are overly 
simplistic and ignore the 
weighting and degree of 
different violations of BC.



Tradeoffs

Reliability Robustness Complexity

Time to 
perform the 
procedure

Reliability4 • – + + +
Robustness5 • – + +

• + +

Complexity • +

Time to 
perform the 
procedure

•

DBC BC∩

DBC BC∩

4Table assumes we increase reliability by expanding the designed boundary conditions.
5Table assumes we increase robustness by trimming the designed boundary conditions. 

High level desired
Low level desired



Summary
• We now have a symbolic framework that allows us to compare 

checklists/procedures and research results.
– Formal – provides consistency across applications/domains
– Focuses on outcomes and not compliance

• Research results may then be transferrable across domains.
– What is the effect of reducing detail?
– What is the effect of increasing reliability?

• Procedure/checklist design involves a series of tradeoffs – e.g., I can 
increase detail, but that means increasing complexity.

• Next steps: 
– Filling in the gaps
– Validation
– Experimentation
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