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ABSTRACT
Motivation –  Many empirical  accounts  of  slip  errors 
have focused on identifying causal factors. However, to 
what  extent  can  avoiding  slip  errors  be  considered  a 
cognitive skill? 
Research  approach –  A  series  of  experiments  have 
shown that some actions seem to “spring to mind” for 
the performance of a task, whereas others do not, and 
that the latter are much more likely than the former to 
feature in erroneous actions. 
Findings/Design – The results suggest that procedural 
and sensory cues need to be strong enough to capture a 
participant’s attention away from actions that “spring to 
mind”.
Research  limitations/Implications –  Avoiding  error 
can be considered a cognitive skill when a ‘window of 
opportunity’  is utilised to rehearse procedural steps or 
when  participants  are  able  to  create  their  own 
environmental cues. 
Originality/Value  –  The  research  suggests  that 
identifying how people avoid making errors can provide 
us with a deeper understanding of why errors happen. 
Take away message – Rehearsal and personalised cue 
creation is spontaneous and can be used to minimize the 
likelihood of error.
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EXTENDED ABSTRACT
Motivation – Slip errors can occur systematically even 
when individuals have the required ‘expert’ procedural 
knowledge to perform a task correctly. Many empirical 
accounts  of  slip  errors  have  focused  on  identifying 
causal factors. For example, Byrne and Bovair (1997) 
showed  that  post-completion  error  is  sensitive  to 
working memory demands. An alternative approach to 
developing  causal  accounts  is  considered  here.  This 
paper reports on work in progress that aims to determine 
the extent  to which avoiding slip errors is a cognitive 
skill. 
Modelling  the  cognitive  skill  required  to  execute 
‘expert’  procedural  knowledge  has  traditionally 
involved the  use  of  ‘top-down’ planning frameworks. 
However, previous research has strongly suggested that 
users  are  reliant  on  ‘bottom-up’  cues  from  the 
environment  when  planning  future  actions  (Payne, 
1991;  Suchman,  1987).  This  has  led  to  criticism  of 
planning frameworks such as GOMS (Card, Moran & 

Newell,  1983) where the successive decomposition of 
goals into sub-goals and operators is representative of 
an  inherently  ‘top-down’  model  of  interaction.  By 
reviewing the findings of a series of empirical studies, 
this paper considers whether slip errors are caused by an 
inappropriate  “springs  to  mind”  response  to 
environmental  features  (that  correspond  to  known 
actions).  For  example,  the appearance  of  a  text  entry 
box  may  prompt  a  user  to  start  typing  without 
initialising  the  box  (moving  the  mouse  cursor  and 
clicking).
Research approach – Accounts of many errors can be 
given in terms of how people are allocating attentional 
resources. An individual’s awareness of what they have 
to do next can be driven by cues that are internal to the 
cognitive system (goals and methods) or external to the 
cognitive system (cued in the environment). Is selecting 
the most appropriate cue to drive interaction a cognitive 
skill  or  is  cue  selection  an  involuntary  processes 
directed by an off-line attentional control system?
Attentional  systems  are complex since they involve a 
range  of  different  kinds  of  processing.  Although 
allocating spatial attention to an appropriate cue within 
the environment does not guarantee that the cue will be 
processed,  it  increases  the  probability  that  it  will  be. 
Folk et al. (1992) argued that the allocation of spatial 
attention  is  analogous  in  some respect  to  that  of,  for 
example, a thermostat.  A thermostat can automatically 
activate  heating  when  the  temperature  falls  below  a 
certain  threshold  without  intervention.  The  individual 
sets the threshold but the activation is off-line. Folk et 
al.  propose  that  even  when  attention  is  involuntarily 
captured,  cognitive goals determine attentional  control 
settings in advance (off-line); the appearance of stimuli 
matching  that  setting  will  capture  attention  (on-line), 
with no further involvement of cognitive processes. 
A  series  of  experiments  (summarised  below)  have 
shown that some actions seem to “spring to mind” for 
the performance of a task, whereas others do not, and 
that the latter are much more likely than the former to 
feature  in  erroneous  actions.  Sensory  salience  can  be 
manipulated by making an indicator bigger or louder or 
just in time, however, this does not influence “springs to 
mind”  salience.  An  individual’s  attention  must  be 
captured  away  (or  diverted)  from  an  action  that 
corresponds  to  “springs  to  mind”  salience  for  an 
alternative  course  of  action  to  be  considered.  The 
cognitive  skill  is  to  avoid  performing  an  action  that 
“springs to mind” if an alternative action is required.



Findings/Design –  An  experimental  paradigm  was 
designed  that  manipulated  the  availability  (and 
awareness)  of  both  procedural  and  sensory  cues  that 
were  needed  to  overcome  performing  erroneous 
“springs to mind” actions. 

• Non-sensory  cues,  known as  procedural  cues 
(internal to the cognitive system), can be used 
to  retrieve  previously  formulated  intentions 
(expert  procedural  knowledge)  enabling  the 
next  procedural  step  to  be  performed. 
Remembering  that,  and  so  doing,  after 
performing  x always  do  y if  z is  true  is  an 
example of following a procedural cue rule. 

• Sensory cues (external to the cognitive system) 
can also be used to retrieve intentions (expert 
procedural  knowledge).  For  example,  if 
sensory  cue  p is  attended  to  then  it  may 
indicate that  q should be the next step if  r is 
true. 

A simulation of a  ‘Fire  Engine Dispatch Centre’  was 
developed. Two experiments using 24 participants each 
were run.  Experiment  1 investigated the frequency of 
two classes of slip error under different cognitive and 
perceptual  load  scenarios  (Back  et  al.,  2007). 
Experiment 2 investigated if a ‘window of opportunity’, 
used to rehearse procedural steps,  reduced error rates. 
Results from both of these experiments demonstrate that 
procedural and sensory cues need to be strong enough to 
capture a participant’s attention away from actions that 
“spring to mind”. Two systematic error manifestations 
are outlined below.
Initialisation Error - When commencing a new trial an 
individual had to decide which call to prioritize before 
clicking on the 'Start  next  call'  button (see Figure 1). 
Forgetting to perform this call prioritisation procedure 
resulted in an initialisation error. The “springs to mind” 
salience  of  clicking  on  ‘start  next  call’  was  high. 
Critically,  no procedural cues were available since the 
requirement  to  perform  call  prioritisation  was  at  the 
beginning of a new trial. This led to high error rates.

Figure 1: Call Prioritisation
In Experiment  2 participants were given 4 seconds to 
reflect  on  requirements  before  commencing  a  trial: 
Within-subjects  Conditions  -  A)  call  prioritisation 
always visible; B) call prioritisation not visible during 
reflection  time.  In  Condition  A  participants  were 
significantly better able to avoid initialisation errors.   

Mode  Error -  A  visual  display  that  informed 
participants of GPS signal status was provided (located 
above the telephone image,  see Figure 2). Participants 
were required to attend to this signal so that they could 
determine what type of route information was needed. If 
GPS  was  available  then  the  centrally  located  menu 
could be used. Clicking on this menu enabled one of the 
automatically generated routes to be selected (“springs 
to mind salience”). The drop-down menu located below 
and to the left of the automatic route selection menu was 
used for manual route construction (did not correspond 
to memorised route labels so did not “spring to mind”). 

Figure 2: Route Construction
Analysis  of  Experiment  1 revealed that  if  participants 
placed  the  mouse  cursor  close  to  the  signal  status 
display,  they were significantly less likely to forget to 
attend  to  the  display  before  selecting  an  appropriate 
route construction method.
Research  limitations/Implications –  Avoiding  error 
can be considered a cognitive skill when a ‘window of 
opportunity’  is utilised to rehearse procedural steps or 
when  participants  are  able  to  create  their  own 
environmental sensory cues.
Take away message – Rehearsal and personalised cue 
creation is spontaneous and can be used to minimize the 
likelihood of error.
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