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ABSTRACT 
Errors can lead to catastrophic consequences. During routine tasks, interruptions 
increase the chances of erroneous slips being made—and expertise is no defence 
against this kind of error (Reason, 1990). Following an interruption, the 
provision of a visual cue pointing to the last action taken by a user has been 
found to improve task resumption time (Trafton, Altmann, & Brock, 2005). 
Other evidence shows that cueing the next action in a sequence is effective in 
reducing a particular type of error (Chung & Byrne, 2008). We compared and 
expanded upon these approaches in a controlled experiment measuring error rate 
and resumption time for previous-action and next-action cueing, replicating the 
results of Trafton et al. We found that both methods considerably helped in 
mitigating the disruptive effects of interruptions in terms of both accuracy and 
performance. Designers of computer interfaces should provide a salient, 
meaningful, just-in-time cue pointing to the sub-task performed prior to an 
interruption when resuming a primary task. Better still, if possible, such a cue 
should be provided pointing to the next step in the sequence. Either case would 
improve the user experience and significantly reduce the chance of error. 
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1 BACKGROUND AND MOTIVATION 
Interruptions are a fact of life. It is a testament to the capacity of the human brain 
that people are often able to cope with disruption to a current activity, process 
and complete some secondary task, and return attention to the original endeavour 
with relative ease and accuracy. However, despite people’s ability to adapt to 
such spontaneous situations, interruptions frequently have detrimental effects on 
task performance. People are susceptible regardless of their level of expertise, 
and all realms of modern life are affected. This study investigates an approach to 
mitigate the effects caused by interruptions on the performance of computer-
based routine procedural tasks. 

The study of interruptions is an important field of work. A secondary activity 
may be trivial in nature but its intrusiveness could have a significant effect on 
the primary task being undertaken. In some cases, the impact can be 
catastrophic. Two often-cited areas where the effects of interruptions can have 
serious consequences are the safety-critical medical and aviation industries. 

Medical professionals in hospitals and emergency departments are exposed to a 
multitude of interruptions on a daily basis. Their activities have even been 
classified as “interrupt-driven” (Chisholm, Collison, Nelson, & Cordell, 2000). 
Despite a wealth of anecdotal evidence, there has been some debate as to 
whether sufficient empirical results have been gathered to show that such 
interruptions in the medical arena lead to an increase in errors being committed 
(O’Shea, 1999). In a review of the literature, Grundgeiger and Sanderson (2009) 
claimed a lack of “evidence in healthcare of the extent to which interruptions 
lead to adverse effects”, positing as hindrances the qualitative nature of previous 
studies and the general complexity of the domain. However, in a more recent 
observational study about the administering of medication, “each interruption 
was associated with a 12.1% increase in procedural failures and a 12.7% 
increase in clinical errors” (Westbrook, Woods, Rob, Dunsmuir, & Day, 2010). 

It is easy to appreciate how an error made by an air-traffic controller or 
aeroplane pilot could result in fatalities. Wickens and McCarley (2008) cite two 
such examples where interruptions led to a loss of life. In one, an air-traffic 
controller is distracted after having positioned an aeroplane on a runway. He 
fails to return his attention to the primary task, leading to a fatal crash with 
another aeroplane that had been cleared to land. In the second example, a pilot is 
interrupted during the take-off procedure. Upon resuming the primary task he 
commits an anticipation error, skipping a vital step that results in over a hundred 
deaths. Many other examples have been documented in the literature (Latorella, 
1999). 

In addition to other industries where the effects can be severe—such as nuclear 
power generation or stock market trading—interruptions also have an effect in 
the office environment. With the shift in employment from manufacturing to the 
service industries, more people are finding themselves using computers for long 
periods of time on a daily basis. The flourishing of the Internet has helped to 
exacerbate the intrusions by emails and instant messages with proactive 
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notifications from social networking sites, news articles and stock prices. Bailey 
and Konstan (2006) term this a “burgeoning epidemic of interruption at the user 
interface”. Juggling tasks is something people tend to do well, but interruptions 
have been shown adversely to affect performance and should therefore be 
subject to investigation. In so doing, we can better understand the impacts of 
interruptions, develop cognitive models to predict the consequences of them, and 
refine strategies to mitigate their effects (Bailey & Konstan, 2006). 

According to Sternberg (2009) slips can occur “when automatic processes are 
interrupted—usually as a result of external events”. A slip is the incorrect 
execution of a correct action sequence: The intention is correct but the 
subsequent action taken is not correct. Since the intention is valid, slip errors are 
a characteristic of expert behaviour. (By contrast, novices make mistakes—errors 
that occur because the intention is incorrect.) 

A variety of types of slip have been described including perseveration errors, 
omission errors and anticipation errors (Norman, 2002; Reason, 1990). Each of 
these sequence errors is pertinent to the activity of carrying out a routine 
procedural task that comprises a set of distinct steps, or sub-tasks. A 
perseveration error is committed when a previously accomplished action is 
repeated; an omission error is made when the next correct action is skipped; and 
an anticipation error occurs when an action is taken that should be performed at 
some point later in the sequence. (Omission and anticipation errors are closely 
related.) Interruptions during well-learned procedural tasks have been 
demonstrated to elicit these types of error (Trafton, Altmann, & Ratwani, 2011). 

In addition to a deleterious effect on error rates, interruptions have been shown 
to increase the time required to resume a primary task once a secondary activity 
has been completed. This measure has been coined resumption lag (Trafton, 
Altmann, Brock, & Mintz, 2003). Figure 1 is an adaptation from Trafton et al. 
(2005) illustrating the phases of an interruption during a sequential task. 

 

 

Figure 1: The interruption and resumption process, adapted from Trafton et al. (2005) 

 

The duration of an interruption has been found to increase the time required to 
resume a primary goal, a cost “exacerbated the longer the goal was suspended” 
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(Hodgetts & Jones, 2006a). Hodgetts and Jones (2007) also reported that an 
interruption that is cognitively demanding would have an adverse effect on the 
primary task. The levels of difficulty of interrupting tasks were further explored 
to reveal that complexity alone does not necessarily lead to greater disruption of 
a primary activity, but also that the ability to rehearse that activity during the 
interruption (in the mind of the participant) could have an effect (Cades, Trafton, 
Boehm Davis, & Monk, 2007). 

A moment for reflection on the primary activity, albeit after the completion of an 
interrupting task, was the explanation posited by Back, Brumby and Cox (2010) 
in a study to investigate the use of a lockout period. Allowing participants to see 
but not interact with the main user interface for ten seconds following an 
interruption resulted in a substantial reduction in the rate of sequence errors. A 
study into resilience markers made similar findings, claiming that errors “were 
more avoidable if participants were given the opportunity to reflect on task 
requirements” (Back, Furniss, Hildebrandt, & Blandford, 2008). 

The temporal location of an interruption has been found to affect the level of 
disruption. Botvinick (2005) found that “errors should be more likely following 
a distraction occurring toward the middle of a sub-task sequence than following 
a distraction occurring at the end of a sub-task”. Similarly, it has been 
demonstrated that interruptions in the middle of a sub-task result in longer 
resumption lag times (Monk, Boehm-Davis, Mason, & Trafton, 2004). Impacts 
on the emotional state of users have also been investigated, leading to 
recommendations that system-initiated interruptions should be mediated to occur 
at opportune moments within a primary task (Adamczyk & Bailey, 2004). 

Memory for Goals is a goal-activation model presented by Altmann and Trafton 
(2002) that seeks to explain and predict the cognitive processes behind goal-
directed behaviour. Any given activity is susceptible to a range of disruptions 
that might be internal to the task (e.g. hierarchical problem-solving activities) or 
due to external factors (e.g. an unexpected change in the environment). For such 
an activity, Memory for Goals describes how temporary suspension and 
subsequent resumption of constituent sub-tasks is facilitated. It is based on the 
cognitive architecture ACT-R (Anderson & Lebiere, 1998) which itself is an 
attempt at representing the basic components of cognition and perception. 

The Memory for Goals theory postulates that each goal or chunk of memory has, 
at any given time, a level of activation. This measure is determined by the 
number of times the goal has been retrieved from memory: A higher frequency 
of retrievals results in a higher level of activation. Goals that are not frequently 
retrieved will experience activation decay and, as a consequence, will be more 
difficult to recover. A second aspect of the theory corresponds to the strength of 
the relationship between a goal and its associated cues, be they mental or 
environmental. A stronger relationship improves activation; a weaker one 
diminishes it. A procedural task is essentially a series of such associative links, 
with each action cueing the next. A final consideration is that decaying goals 
contribute to an overall interference level: The activation level of a goal must be 
above this background noise in order for the goal to be retrieved. See  Figure 2, 
adapted from Altmann and Trafton (2002). 
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Memory for Goals has been used extensively in the study of interruptions during 
routine procedural tasks to support the explanation of the effects on post-
resumption error rate and performance. Empirical evidence has shown that short 
interruptions result in a significant initial decrease in activation, whereas long 
interruptions cause little additional decay; this is consistent with the theory 
(Hodgetts & Jones, 2006b). In terms of error, Trafton et al. (2011) found that 
when the difference in activation levels between goals is small, “noise in the 
cognitive system may result in the retrieval of an incorrect sub-goal”. 
Resumption lag is explained by a “less active goal, and therefore a more difficult 
resumption process” (Grundgeiger, Sanderson, MacDougall, & Venkatesh, 
2010). Furthermore, the disruptive effects of interruptions mentioned previously 
that occur in the middle of a sub-task were predicted by Memory for Goals 
(Monk et al., 2004). 

 

 

 Figure 2: Goal activation and interference by time in the Memory for Goals model, 
adapted from Altmann and Trafton (2002) 

 

Memory for Goals offers explanations for the perseveration and anticipation 
errors associated with interruptions in procedural tasks. In terms of perseveration 
(repeating a previous action) the theory suggests that a retrieved incorrect sub-
goal is likely to be temporally close to the correct sub-goal. Since the activation 
level of the most recently completed sub-goal will be high, the activation levels 
of neighbouring sub-goals will be boosted, increasing the chances of incorrect 
sub-goal retrieval. Omission and anticipation errors (skipped actions) are 
explained as a disruption in communication between the action preparation and 
action execution processes (Trafton et al., 2011). 

Importantly, Trafton et al. (2011) state that Memory for Goals “makes a strong 
prediction that perseveration errors should occur more often than any other type 
of sequence error.” 



 5 

A number of different approaches have been taken to investigate and mitigate 
the variety of problems caused by interruptions during routine procedural tasks. 
One type of problem that has received a lot of attention is the post-completion 
error (PCE). During an activity, the post-completion step is a sub-task that 
should take place once the main goal has been accomplished. A PCE occurs 
when this step is missed. Classic examples from daily life include forgetting to 
retrieve the original document from a photocopier once a copy has been made 
and leaving one’s change in a vending machine having received the desired 
product. 

Back, Cheng, Dann, Curzon, and Blandford (2007) investigated motivating 
participants in an attempt to reduce PCEs but found that it was ineffective. Byrne 
and Davis (2006) presented similar findings: Participants praised for accuracy 
and admonished for poor performance continued to commit post-completion 
errors. Furthermore, they found that retraining did not result in improvements. 

Another approach was to investigate participants’ eye movements in order to 
predict when a PCE was about to be made (Ratwani, McCurry, & Trafton, 
2008). The system used a logical regression model to make the predictions in 
real time and was successful in offering immediate, effective feedback to prevent 
errors being committed. 

Similar to the way that ATMs emit an audio cue at the final step when 
withdrawing banknotes, visual cueing has been explored for the reduction of 
PCEs in routine procedural tasks. Chung and Byrne (2008) found that providing 
a prominent hint in the user interface immediately prior to the post-completion 
step completely eliminated PCEs. They determined that a cue should be salient 
(easily noticeable), meaningful in its context (point clearly towards the next sub-
task’s interface element), and timely. People will exploit available cues in order 
to reduce cognitive effort (Kool, McGuire, Rosen, & Botvinick, 2010). 

Trafton et al. (2005) also studied the effect of cues, but rather than focusing on 
PCEs they investigated the effect of interruptions on resumption lag. Unlike 
Chung and Byrne (2008) they temporally located the cues at the last action 
taken, so that having been interrupted following a sub-task, a cue was added to 
the interface alongside that sub-task’s interface element. They found that a 
blatant cue had a significant effect, reducing resumption lag. 

A separate investigation into attention-switching supports the concept of 
highlighting the previous action: In the Gazemarks study, Kern, Marshall and 
Schmidt (2010) utilised eye-tracking hardware to detect the last fixation point 
prior to an interruption. Upon resumption of the task, the fixation point was 
highlighted dynamically with a spotlight effect. Although there can be no 
guarantee that the last place focused upon corresponds to the last action taken, 
the study found that the visual cue dramatically improved resumption of the 
primary task. 

We seek to replicate and expand upon these investigations into the effects of 
cueing. The work by Trafton et al. (2005) uses previous-action cueing and 
concentrates on resumption lag while ignoring sequence errors. In contrast, 
Chung and Byrne’s (2008) investigation uses next-action cueing and focuses 
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solely on post-completion errors. This study will contemplate both types of 
cueing and the effects upon the rate of sequence errors (rather than PCEs) and 
resumption times following an interruption to a routine procedural task. 

Our first hypothesis is that previous-action cueing results in a significant 
improvement in error rate over the absence of a cue. Furthermore, that next-
action cueing is an improvement over previous-action cueing. This we base upon 
the exceptional results demonstrated by Chung and Byrne (2008) with post-
completion errors. 

The second hypothesis is similar to the first but concerns performance measured 
as resumption lag time. We hypothesise that previous-action cueing results in 
significantly faster resumption times than a condition with no cue, replicating the 
work by Trafton et al. (2005). In addition, we postulate that next-action cueing is 
a further improvement, based on the idea that less cognitive effort is required. A 
user presented with a cue pointing at a previous sub-task must still deduce the 
next correct action to take whereas a cue pointing at the next sub-task can be 
followed impulsively. 

In summary, this investigation manipulates the behaviour of visual cues 
following interruptions at sub-task boundaries during a procedural task. For our 
first hypothesis we measure error rate by counting the number and type of 
sequence errors committed following the interruptions. For our second 
hypothesis we measure the elapsed time between the end of an interruption and 
the subsequent user action being taken.  
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2 METHOD 
2.1 Introduction 

The experiment described in this chapter compares three conditions: the control 
condition during which no cueing occurs (NC), previous-action cueing (PAC), 
and the condition of next-action cueing (NAC). The abbreviated forms of these 
terms will be used throughout the rest of this document. 

 

2.2 Materials 

For this experiment we utilised a software application called the Prescription 
Machine. It simulates the routine procedural task of compiling various types of 
medication in a pharmacy. It was developed in Python and for this experiment it 
was used on a PC running Microsoft Windows XP. Experiments were carried out 
in cubicle rooms containing one computer to reduce the possibility of external 
distractions. Figure 3 depicts the main user interface of the Prescription 
Machine. 

 

 

Figure 3: The main interface of the Prescription Machine 

 

The Prescription Machine is similar to the Wicket Doughnut Machine which has 
been used extensively in other studies into memory load and human error (see 
Li, Blandford, Cairns and Young (2008), Ament, Cox, Blandford and Brumby 
(2010), Back et al. (2010) and Hiltz, Back and Blandford (2010) for a selection). 
Users are required to fulfil an order presented in the screen’s central Prescription 
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sheet pane by entering the quantities into the various satellite panes. These sub-
tasks must be performed in a specific order and first have to be primed by 
clicking the corresponding button in the Selector pane. To complete a sub-task, 
the relevant OK button must be clicked. At this point the information entered is 
reset to zero to prevent the presence of numbers acting as an implicit cue. Table 
1 summarises the steps required to complete one trial, detailing the occasions 
when interruptions can occur. 

 

Table 1: The steps in one trial in the Prescription Machine, including interruption positions 

Step Action 

1 Click the Next prescription button to reveal an order 
2 Click the Type selector button 
3 Configure options in the Type pane according to the order 
4 Click the relevant OK button 
5  Click the Shape selector button 
6  Configure options in the Shape pane according to the order 
7  Click the relevant OK button 
Interruption A 
8  Click the Colour selector button 
9  Configure options in the Colour pane according to the order 
10  Click the relevant OK button 
Interruption B 
11 Click the Packaging selector button 
12 Configure options in the Packaging pane according to the order 
13 Click the relevant OK button 
Interruption C 
14 Click the Label selector button 
15 Configure options in the Label pane according to the order 
16 Click the relevant OK button 
Interruption D 
17 Click the Process button 

 

The spatial mapping between sub-task pane and sub-task button is purposefully 
defective in order to increase the effort required to complete a trial successfully.  

For this investigation, the Prescription Machine was modified to be able to 
interrupt a trial between the click of a sub-task’s OK button and the click of the 
subsequent sub-task’s selector button (or the Process button in the final case). 
These four opportunities (A to D in Table 1) were used to interrupt participants 
in order to encourage erroneous behaviour when resuming the trial.  
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An interruption consisted of a modal dialog box occluding the interface of the 
Prescription Machine for 45 seconds (Figure 4). The interface was hidden to 
prevent participants using their own visual cues to aid resumption. The enforced 
interruption period was employed to make it harder for participants to remember 
what they were doing prior to an interruption. The value of 45 seconds was 
chosen based on the success of a similar study (Altmann & Trafton, 2004).  

During an interruption, a contextual arithmetic question related to packaging was 
posed. Upon submission of an answer, participants were prompted to answer 
another question, and so on, in order to keep the load on working memory high 
whilst being distracted from the primary task. Wrong answers were ignored 
unless two consecutive questions were answered incorrectly, in which case a 
warning was provided and the same question was reiterated. This was to prevent 
participants entering a series of thoughtless responses, without being over-strict. 

 

 

Figure 4: Interruption dialog 

 

After 45 seconds the interruption dialog box would close. Participants in the no 
cue condition (NC) would then proceed unaided to resume the trial. For 
participants in the other two conditions, a red arrow would be visible adjacent to 
and pointing at either the previous button clicked (PAC) or the next button to 
click (NAC). In the former case, this would always be an OK button in one of 
the sub-task panes; in the latter, this would be one of the buttons in the Selector 
pane or the Process button. See Figures 5 and 6 for examples. Once the next 
action had been taken, this cue would disappear from the interface. 
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Figure 5: Example PAC cue 

 

 

Figure 6: Example NAC cue 

 

The Prescription Machine recorded the number and type of erroneous actions 
made after interruptions. It also stored the resumption lag—the elapsed time 
between an interruption dialog closing and a subsequent action being taken. 

 

2.3 Design 

A mixed design was chosen in order to allow easier interrogation of the results 
and to avoid training and fatigue effects in participants. The between-subjects 
independent variable was the type of cue used, resulting in the three conditions 
described above (NC, PAC and NAC). 

The within-subjects independent variable was the number of interruptions per 
trial. This was randomised such that, within each batch of three trials, a 
participant would encounter zero, one or two interruptions per trial. This 
randomisation was introduced to reduce the possibility of confounds affecting 
the findings in the form of training effects: The number of interruptions was 
varied to ensure that once a participant had experienced an interruption within a 
trial they could not know whether to expect further interruptions. 

Each participant performed 21 trials with the Prescription Machine. An example 
distribution is illustrated in Table 2. 
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Table 2: Example interruption distribution across 21-trial study 

Trial number Number of interruptions 

01 1 
02 0 
03 2 

04 2 
05 1 
06 0 

07 1 
08 2 
09 0 

10 0 
11 2 
12 1 

13 0 
14 2 
15 1 

16 1 
17 0 
18 2 

19 0 
20 1 
21 2 

 

Erroneous actions could include perseveration errors, omissions and anticipation 
errors, as described in the previous chapter. In this case, an omission was 
characterised by a failure to click the correct selector button. When a participant 
committed an error, a panel in the interface was coloured red and labelled 
“Error” (Figure 7). Participants were instructed that, on experiencing an error, 
they must determine and perform the correct step to get back into sequence, thus 
clearing the error, and proceed with the trial. We opted to show an error rather 
than instruct participants of the next correct step in order to accentuate the cost 
of an incorrect action, motivating users to concentrate both to avoid mistakes and 
maintain a high load on working memory. 
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Figure 7: The Prescription Machine interface when an error is made 

 

2.4 Measures 

In accordance with our hypotheses, two post-interruption dependent variables 
were measured: error rate and resumption lag. Consistent with Trafton et al. 
(2011) error rates were percentages, calculated by dividing the number of errors 
by the number of opportunities for error. As with Byrne and Bovair (1997) we 
used a score of 5% as the threshold for systematicity: An error rate above this 
value is considered systematic. Following an interruption, only the initial error 
was counted. Resumption lag time was measured in milliseconds. 

 

2.5 Participants 

A total of 45 participants (26 female) took part in the trials, the majority 
recruited from the Psychology Subject Pool at University College London. The 
ages ranged from 18 to 64; the mean age was 27.9 years (SD = 9.3 years). 
Fifteen students participated in each condition, giving their time for the chance 
of winning a prize of £50, £30 or £20. A certain level of exposure to Microsoft 
Windows was assumed and no matching was done between conditions. Given 
that the chosen visual cue used in the Prescription Machine was red in colour, to 
reduce possible effects of red-green colour blindness only participants without 
this condition were recruited. 
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2.6 Procedure 

Participants were told that the study was an investigation into the effects of 
repetition on the performance of routine procedural tasks. This deception was 
necessary to avoid drawing attention to the real interest of performance related to 
interruptions. 

Participants were introduced to the Prescription Machine by way of 
demonstration. Following this they were invited to carry out several training 
trials themselves, during which no interruptions occurred. As discussed in the 
previous chapter, cognitive slips are considered to be part of expert behaviour so 
the practise trials enabled participants to attain a certain level of proficiency. If, 
after four practice trials, participants had not completed two successive error-free 
rehearsals, they had the chance to attempt one more. If a participant was unable 
to reach an appropriate level of expertise, they were thanked for their time and 
asked to leave. 

To introduce the secondary task to participants, a subsequent training trial was 
attempted that included two interruptions and utilised whichever of the cue types 
the participant was assigned to. The instruction sheet given to the participants in 
the PAC and NAC condition groups stated that having responded to the 
arithmetic questions for 45 seconds, upon returning to the Prescription 
Machine’s interface a visual cue in the form of a large red arrow would be 
present. The meaning and purpose of this cue was described on the instruction 
sheet. (Instruction sheets are available in Appendix D, E and F.) 

Participants were told that they would be completing 21 trials in total, that 
during the trials they could encounter any number of interruptions, and that they 
would experience a two-minute break roughly halfway through the experiment 
which they were at liberty to skip. After the trials had been completed, 
participants were thanked for their time and debriefed in accordance with The 
British Psychological Society’s guidelines (BPS, 2009, pp. 20-21) as to the true 
nature of the investigation. At this point, the reason for the subterfuge was made 
clear. 
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3 RESULTS 
3.1 Baseline error rate 

To ascertain that participants could execute the primary task of the Prescription 
Machine we counted errors in the zero-interruption trials at six occasions: the 
five selector button steps, plus the Process button. That is, if the correct action at 
each of these occasions was not performed, an error was counted. (Any 
subsequent errors made while the participant attempted to get back into sequence 
were ignored.) There were seven such trials per participant, so 42 chances in 
total to commit such an error. A participant’s baseline error rate was therefore 
defined as follows: 

 

!""#"  !"#$   =   
!"#$%&  !"  !""#"$

42   ×  100 

 

3.2 Outliers 

To identify outliers for removal from the analyses we considered the mean error 
rate across all participants in the zero-interruption trials. We excluded those 
whose error rate was greater than the mean plus the product of the standard 
deviation and 1.96 (Table 3). Data from four participants were excluded in this 
way, suggesting an inability to follow instructions or learn the task to an 
acceptable standard. Two outliers were removed from the NC condition; one 
outlier was removed from each from the PAC and NAC conditions.  

 

Table 3: Error rate information in the zero-interruption trials 

Mean error rate 
x 

Standard deviation 
SD  

Upper limit of error rate 
x+ (!"  ×  1.96) 

5.50% 5.56% 16.39% 

 

Next, we analysed the average post-interruption error rates in each condition. It 
was clear that some participants performed particularly poorly so a second pass 
for outliers was conducted using the same approach as above. Table 4 shows the 
information which resulted in three further outliers being removed, one from 
each condition. 
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Table 4: Post-interruption error rate information 

Cue 
 

Mean error rate 
x 

Standard deviation 
SD  

Upper limit of error rate 
x+ (!"  ×  1.96) 

NC 51.28% 22.43% 95.25% 

PAC 6.80% 10.68% 27.74% 

NAC 3.06% 7.84% 18.42% 

 

3.3 Baseline task performance 

Each participant performed a subset of trials when no cueing was encountered 
(the zero-interruption trials). With the outliers removed, and analysing the data 
across all conditions, errors were on average made 4.20% (SD = 4.05%) of the 
time. 

Inspecting these data by cue condition shows similar means of 4.76% (SD = 
5.37%), 4.58% (SD = 4.18%) and 3.30% (SD = 2.29%) for NC, PAC and NAC 
respectively (see Figure 8). Furthermore, a one-way between-subjects ANOVA 
demonstrated no significant main effect (F(2, 35) = 0.483, p = 0.621), illustrating 
consistency in performance between the three conditions, as expected. 

 

Figure 8: Mean error rates in zero-interruption trials, by cue condition 
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3.4 Baseline error types 

Table 5 shows the baseline errors—those committed during the zero-interruption 
trials—classified by type. In cases where several errors were made in succession 
while the participant attempted to get back into sequence, only the first error was 
counted. We counted as anticipation errors those occasions when the Type 
selector button was clicked instead of the correct action of clicking the Process 
button followed by the Next prescription button, reasoning that participants were 
more likely to have falsely considered themselves as having completed the 
current trial. Incorrect number-entry errors have not been included in the table. 
The omission value reflects device-initialisation errors, those cases where the 
intention of a participant was correct. For example, typing a value into the 
Colour pane without first clicking the Colour selector button. 

 

Table 5: Errors made in the zero-interruption trials, by type 

Error type 
Total Perseveration Anticipation Omission 

18 21 52 91 

 

3.5 Interruption error rate 

Focusing on the NC condition we recalculated the error rates according to the 
opportunities for interruption within one trial. There were four such 
opportunities as described in Table 1: when the clicking of the Colour, 
Packaging and Label selector buttons, or the Process button, was not carried out 
as expected. Thus, there were four chances for sequence errors to be made upon 
resumption. There were 28 possible occasions in total per participant, the error 
rate therefore defined as follows: 

 

!"!"!  !"#$   =   
!"#$%&  !"  !""#"$

28   ×  100 

 

3.6 Interruption error types 

Table 6 shows the errors, classified by type, made across all of the trials. The 
omission slips were device-initialisation errors; in accordance with other studies 
these were ignored in the subsequent analyses because the intention was correct 
(Trafton et al., 2011).  
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Table 6: Errors made after interruptions, by type 

Cue 
Error type 

Total Perseveration Anticipation Omission 

NC 95 24 2 121 

PAC 13 0 0 13 

NAC 2 1 0 3 

 

3.7 The effect of cue type on error rate 

Our first hypothesis relates to the impact upon error rates when different types of 
cueing is utilised. The average error rates in each of the three conditions NC, 
PAC and NAC were 47.22% (SD = 17.75%), 4.76% (SD = 7.78%) and 1.10% 
(SD = 2.85%) respectively (see Figure 9). A one-way between-subjects ANOVA 
on these error rates demonstrated a significant main effect of cue type (F(2, 35) = 
66.048, p < 0.001). Tukey post-hoc comparisons were used to determine that 
both PAC and NAC conditions were significantly different to the NC condition 
(p < 0.001 in both cases). Furthermore, no significant difference was found 
between the PAC and NAC conditions (p = 0.697). 

 

 

Figure 9: Mean error rates by cue condition 
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3.8 The effect of cue type on resumption lag 

The second hypothesis in our study concerns how cue type affects the time taken 
to resume a primary task following an interruption. The average resumption lag 
times in the NC, PAC and NAC conditions were 7.14s (SD = 3.35s), 4.85s (SD 
= 3.31s) and 2.51s (SD = 1.01s) respectively (see Figure 10). A one-way 
between-subjects ANOVA on these times demonstrated a significant main effect 
in cue type (F(2, 35) = 8.782, p = 0.001). Tukey post-hoc comparisons were used 
to determine that the NAC condition was significantly different to the NC 
condition (p = 0.001). There was no significant difference between the PAC 
condition and the NC and NAC conditions (p = 0.110 and p = 0.093 
respectively). 

 

 

Figure 10: Mean resumption lag by cue condition 

 

3.9 Responses over time 

Figures 11, 12 and 13 illustrate the distribution of correct and incorrect responses 
made in each cue condition over the first 20 seconds, by the half-second, 
following an interruption. 
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Figure 11: Correct and incorrect responses in the NC condition 

 

 

Figure 12: Correct and incorrect responses in the PAC condition 

 

 

Figure 13: Correct and incorrect responses in the NAC condition 
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4 DISCUSSION 
4.1 Summary 

The present experiment investigated how the introduction to a computer 
interface of a salient, meaningful, just-in-time cue might affect a user’s 
performance in terms of both accuracy and resumption lag following an 
interruption to a primary activity. The previous chapter illustrated that 
introducing interruptions into a routine procedural task resulted in a substantial 
increase in the error rates of participants who had previously gained a 
satisfactory level of expertise with the Prescription Machine application. By 
providing a visual hint either to the last action performed or the next step to take, 
the error rates dropped considerably. Furthermore, with both types of cue there 
was a significant effect on the time taken to resume the primary task. In addition, 
we found that multiple interruptions within a trial did not increase the rate of 
errors (see the next chapter for more information). 

 

4.2 Error rate 

Previous- and next-action cueing both had a strong influence on error rate, 
reducing it to below the 5% systematicity level. Neither cue type completely 
eliminated errors, so the remarkable results of Chung and Byrne (2008) for post-
completion errors—a 0% error rate when the next action was cued—were not 
wholly replicated for sequence errors. The mean error rates reported support our 
first hypothesis: NAC resulted in a lower error rate than PAC, which itself was 
an improvement over the NC condition. The mean error rates for the cue 
conditions both fell below the systematicity level of 5% meaning that the results 
can be considered equivalent—and hence previous-action cueing can be 
considered as effective as next-action cueing in reducing error. This notion of 
equality is strengthened by the results of the statistical tests between the two cue 
conditions which revealed no significant effect. 

The types of errors reported across those trials with no interruptions (Table 5, 
page 16) illustrate that the use of the Prescription Machine was generally well 
understood. Comparatively few perseveration and anticipation errors were seen, 
suggesting that participants were able to perform the sequential task consistently. 
On the contrary, a large number of omission slips occurred. In this study we 
class omissions as device-initialisation errors which, as described by Cox and 
Young (2000), can be considered device-specific—in contrast to sequence errors 
that are task-specific. This distinction led Li et al. (2008) to conclude that 
whereas the associative links suggested by Memory for Goals influence how 
sub-task sequential steps are performed, “sub-task initialisation steps might 
depend on a more deliberate and less automatic mechanism”. Comparable with 
our experiment, Li et al. (2008) recorded a large number of omission slips and 
found that interruptions do not cause this type of error. Table 6 (page 17) shows 
that only two omission errors occurred following an interruption; consistent with 
their investigation, we ignored these in the subsequent analyses. 
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In each cue condition the dominant post-interruption error type was 
perseveration (see Table 6). This is strongly predicted by Memory for Goals 
(Trafton et al., 2011): Perseveration errors are more likely because the most 
recent steps taken have the highest activation levels. As described earlier, 
interference from decaying goals therefore disrupts the retrieval of the correct 
memory. It is notable that all of the errors encountered during the trials utilising 
previous-action cueing were perseveration errors, over three-quarters of which 
were caused by participants clicking the button to which the cue was pointing. 
This suggests that participants misinterpreted the hint as a next-action cue; 
information gleaned from the experience of assisting participants during the 
experiments would further support this theory. 

Trafton et al. (2011) described anticipation errors as those that occur “because 
the communication between the preparation and execution of an action gets 
disrupted”. This may go some way towards explaining the three errors that were 
committed following interruptions in the NAC condition; other possibilities 
could include external distractions or loss of interest in the task. 

 

4.3 Resumption lag 

The average times taken to resume following an interruption became 
successively smaller with each condition: In the NC condition participants took 
the longest, on average, to resume; participants in the PAC condition performed 
faster than those in the NC condition; and the NAC condition participants were 
quicker still. However the differences between the cued and non-cued conditions 
were less dramatic than those recorded for error rate. The mean values support 
our second hypothesis and indicate a successful replication of the results of 
Trafton et al. (2005) for previous-action cueing. However, the statistical tests are 
not unequivocal. Although the results demonstrated a significant main effect in 
cue type, the PAC condition was not significantly different to the no cue 
condition or the next-action cueing condition. 

The NAC condition produced the lowest mean resumption lag time, supporting 
the idea that participants endured less cognitive load when resuming the primary 
activity. This is not surprising since the participants were, in effect, told 
precisely what to do. What is of more interest is the lack of statistical 
significance between it and the PAC condition. We had originally anticipated 
that participants in the PAC condition would require substantially more 
cognitive effort than those in the NAC condition in determining where next to 
click, but the results suggest that this was not the case. One possible explanation 
is that users were very familiar with the Prescription Machine task so that having 
been reminded of their location within the procedure it was trivial to determine 
the next step. An association may have been made in the mind of the participant 
such that upon seeing a red arrow pointing to a sub-task’s OK button, they would 
habitually switch attention immediately to the Selector pane. The subsequent 
cognitive processing necessary to determine the correct selector button would 
then account for the difference in mean resumption times in the PAC and NAC 
conditions. This theory could be investigated by rearranging the positions of the 
selector buttons after the completion of each sub-task, disrupting the mapping 
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between the sub-task panes and their corresponding buttons in the Selector pane. 
Such an approach would not be representative of real-world circumstances, 
however, and would reduce the ecological validity of the experiment as a whole. 
An alternative explanation for the absence of a significant statistical difference 
between the two conditions is that the results of the next-action cueing trials may 
reflect the limits of human performance: Rather than participants in the PAC 
condition performing especially quickly, those in the NAC condition were not 
able to go any faster. In any case, as with the effect on error rate, our results 
suggest that these two conditions can be considered equivalent in terms of their 
effect on resumption lag. 

Analysing the performance of participants in the no cue condition (Figure 11, 
page 19) we see that speed was not traded for accuracy. Had it been, we would 
see longer bars representing correct responses on the right-hand side of the chart 
and predominantly incorrect ones on the left-hand side—as opposed to a roughly 
even split between correct and incorrect responses over time. Analysing these 
data at the participant level was similarly inconclusive (see Appendix A). 
People’s propensity to trade speed for accuracy in a variety of situations has 
been well reported in the literature (e.g. Dosher, 1976), so these results are 
surprising. Previous studies into the effects of interruptions during routine 
procedural tasks have not focused on the speed-accuracy trade-off behaviour of 
participants; to be able to draw conclusions from our findings, further 
experimentation must be carried out. 

Turning our attention to Figures 12 and 13 the strong effect of cueing is 
immediately apparent in the small number of incorrect responses overall, and the 
large numbers of correct responses on the left-hand side of the charts. Again, it is 
evident that participants did not trade speed for accuracy; in these cases we can 
ascribe this to the power of the cue. 

 

4.4 Methodology review 

We had considered that the PAC and NAC conditions might elicit zero errors, 
partly due to Chung and Byrne’s (2008) success in eliminating erroneous actions 
with a cue, and partly because in both cases the next correct action was clearly 
discernible from the interface. This second reason was based on the assumption 
that the meaning of the cue was well understood. Despite asking participants to 
read the instruction sheet carefully, during the running of the experiments it was 
clear that on a few occasions the cue had been misinterpreted. As described 
previously, this could partially explain the number of perseveration errors seen 
in the previous-action cueing trials: Participants thought that what they were 
seeing was a next-action cue. In future studies it would be advisable to run 
through a checklist of questions with participants prior to commencing the 
experiment to ensure that the salient aspects are fully understood. 

Each participant carried out a number of training trials to gain familiarity with 
the Prescription Machine. These trials were not subjected to interruptions in 
order to ensure that participants were not distracted as they attained a level of 
expertise. When proficiency was reached, each participant performed one further 
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trial that included two interruptions. In light of the problem mentioned above, a 
higher number of interrupted training trials could have been beneficial in 
bringing misunderstandings to light. 

Resumption lag times for each participant were measured in milliseconds. The 
number of participants recruited was chosen to reduce the effects of the variation 
in individuals’ baseline performance. An alternative and perhaps preferable 
method would have been to score participants’ resumption speeds according to 
their average performance. Trafton et al. (2003) took this approach, computing a 
disruption score by comparing each participant’s average inter-click lag (the 
time taken between sub-tasks within a trial) with their average post-interruption 
lag. Basing the performance measure on ratios in this way might have produced 
resumption lag results of greater statistical significance.  

The principle focus of our experiment was related to the effect of cues following 
interruptions. The interruptions were randomly assigned in one or two of the four 
available positions. An alternative approach would be to define the specific 
interruption positions, introducing consistency across all participants and 
conditions. This would benefit the investigation of downstream effects of one 
interruption on another (see next chapter) by maximising the different cases of 
interruption distance. For example, in Table 7 there are three two-interruption 
trials where the interruptions are adjacent (temporal distance = 1), two that are 
two steps apart, and two that are three steps apart. 

The interruptions used in this study demanded participants’ full and immediate 
attention: The primary task was hidden from view and participants were 
compelled to deal with the secondary activity. While such modal dialogs are 
representative of modern computer systems, there are other less intrusive but 
similarly distracting ways in which interruptions can occur (see section 4.6). 
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Table 7: Example interruption distribution with fixed interruption positions 

Trial 
number 

Number of 
interruptions 

Interruption position Temporal 
distance A B C D 

01 1 w     
02 0      
03 2 w w   1 

04 2 w  w  2 
05 1  w    
06 0      

07 1   w   
08 2 w   w 3 

09 0      

10 0      
11 2  w w  1 
12 1    w  

13 0      
14 2  w  w 2 

15 1 w     

16 1  w    
17 0      
18 2 w   w 3 

19 0      
20 1   w   
21 2   w w 1 

 

4.5 Applicability 

The key finding of this investigation is that following an interruption the 
provision of a cue in an interface that points towards the last action taken during 
a routine procedural task is equivalent—in terms of its effects upon accuracy and 
resumption time—as a cue that points towards the next action in the sequence. In 
other words, for routine procedural tasks, telling a user what they have just done 
is as beneficial as telling them the next thing to do. 

In general, a user’s next action in an interface is not necessarily clearly defined. 
The direct manipulation paradigm of graphical user interfaces encourages tasks 
to be constructed in a variety of ways using many granular sub-tasks. Since these 
steps may not be strictly ordered, software applications are unable to second-
guess the next action that will be taken. A task that is composed of a sequence of 
steps to be performed in a specific order could be automated, completely 
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avoiding the negative impacts caused by interruptions. For this reason, 
Burmistov and Leonova (1996) suggested that common compound tasks could 
be encapsulated into single commands, such as combining the sub-tasks for 
moving a paragraph of text: select, cut, position cursor, paste. 

Contrastingly, it is trivial for a computer program to know the last action taken 
by a user. In this study we have shown cueing both before and after interruptions 
to be equivalent in their effects and can recommend that software applications, 
when regaining the focus after an interruption, add a dynamic cue pointing to the 
previous step completed by the user. As an example, programs written for the 
Windows operating system have the ability to detect when they lose and gain 
focus; assuming an interruption is caused by another application (rather than an 
external disruption) the implementation of such functionality is straightforward. 
Norman (2010) echoes the suggestion of the use of cueing, stating that software 
applications ought to recognise that a user’s attention has switched away, and 
that upon resumption users “will need a quick and easy way to remember just 
what has been done [and] what is now required”. 

People exploit cues to reduce cognitive effort (Kool et al., 2010) but some 
evidence suggests that repeated exposure to cues can reduce their effectiveness, 
and moreover irritate users (Ratwani et al., 2008). It has been postulated that 
users might become over-reliant on cues and thus susceptible to error should a 
cue fail (Byrne, 2008). But a study that focused specifically on the effects of 
repeated exposure found no evidence that participants became dependent upon 
cues (M. Ament, Lai, & A. Cox, 2011). Ratwani et al.’s (2008) system tracked 
eye movements to predict when errors might occur, displaying a visual cue when 
the probability was high. This is an example of an implementation that could be 
incorporated into real-world systems if the necessary hardware becomes 
commonplace. Cueing, then, can be effective for existing software applications, 
but more work is required to understand the full implications. 

 

4.6 Future studies 

This investigation was based around a primary sequential task being interrupted 
by a modal dialog box that occluded the main interface. At the end of each sub-
task, numbers that had been entered by participants were removed from the 
interface to prevent them acting as a cue to the next sub-task. In future studies it 
would be of interest to introduce more realism to the experiment design. This is 
challenging: The time taken to resume following an interruption to a non-
sequential primary task is trivial to record, but it is not immediately clear how to 
judge whether a post-interruption action is erroneous without knowing the user’s 
original intention. However, the modality of the interruptions could be 
investigated. Attention can be distracted in more subtle ways than a window 
popping up in front of all others: ephemeral notifications of a new instant 
message at the edge of the screen; partially hidden web pages being updated 
dynamically; or audio alerts signifying the arrival of an email. In each of these 
cases, assuming that the distraction results in the user switching applications, the 
interruption can be logged when the current window loses focus. This would 
enable an investigation to take place into the effects of subtler distractions. The 
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Prescription Machine could continue to be utilised to retain some control over 
the user’s actions, and the interruptions could be designed to cause a similar 
cognitive load as implemented in this study. 

A focus on less-intrusive interruptions opens the possibility for users to choose 
how to react to and deal with the distractions. Performance is less negatively 
affected when users are empowered in choosing when to switch their attention 
(McFarlane & Latorella, 2002) so it can be beneficial when interruptions do not 
require an immediate response. This is related to the interruption lag (Trafton et 
al., 2003), the period between being notified of an interrupting task and the 
commencement of that task. Trafton et al. found that participants who 
experienced a longer interruption lag subsequently resumed the primary task 
more quickly due to the opportunity for mental rehearsal of the goal. Adamczyk 
and Bailey (2004) postulated an “attention manager”—a piece of software to 
mediate the behaviour of applications such that they only interrupt users at 
opportune moments. A similar system aligning notifications with users’ tasks 
was developed by Iqbal and Bailey (2010), which, for example, could postpone 
an incoming email alert until after the current sentence being typed by the user 
had been completed. There is scope to investigate how user- or system-
controlled deferment of interruptions affects error rate and resumption lag. 

Providing a cue during the interruption lag can also have a positive effect on 
resumption times (Hodgetts & Jones, 2006c). Prospective memory—
remembering to do a future activity (Guynn, McDaniel, & Einstein, 1998)—is 
improved, and the stronger the association between cue and task, the greater the 
benefit (Grundgeiger et al., 2010). In other areas of life people often employ 
strategies for avoiding erroneous behaviour: Resilience markers (Back et al., 
2008) include manual cues to help facilitate correct and timely execution of a 
task, such as placing one’s umbrella by the front door so as not to forget it when 
leaving. Although such pre-interruption cueing would require a mediating agent 
as described above, this is another avenue for investigation 
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5 ADDITIONAL ANALYSES 
5.1 Overview 

In this chapter we briefly discuss a third hypothesis that was postulated at the 
outset of the study. Distinct from the principal investigation into the effects of 
cueing, we introduce it, present the results and discuss the implications in this 
separate section. 

Many studies have investigated the effects of interruptions that occur during 
routine tasks. Predominantly these have utilised precisely one interruption per 
trial. It is an open question whether multiple interruptions within a trial 
compound the impacts upon task performance and it is unclear what the Memory 
for Goals theory would predict. Monk (2004) investigated the effects of multiple 
interruptions, finding against expectation that a higher frequency of interruptions 
resulted in a lower error rate—possibly a result of participants adopting a 
different strategy. 

We have seen that interruptions can have disruptive effects. In the no cue 
condition, the impact on the mean error rate of one interruption per trial was an 
increase of over 240% (see Figure 14). For a routine procedural task to be 
resumed following an erroneous action, the correct step must be determined and 
performed. We hypothesise that this “resetting”—the re-priming of the sub-task 
goals—raises activation levels such that downstream effects of interruptions are 
minimised. Our third and final hypothesis, then, is that increasing the number of 
interruptions within a task does not have a detrimental effect on the rate of 
sequence errors. 

 

5.2 Results 

Figure 14 illustrates data regarding the effects of multiple interruptions within 
one trial. For these data we focused on the four post-interruption error 
opportunities with outliers removed (see section 3.5, page 16). On average, 
errors were made 7.14% (SD = 8.06%), 17.26% (SD = 7.28%) and 25.89% (SD 
= 9.88%) of the time in the zero-, one- and two-interruption conditions 
respectively. A one-way repeated measures (within-subjects) ANOVA on these 
error rates demonstrated a significant main effect of number of interruptions 
(F(2, 22) = 12.294, p < 0.001). 

Post-hoc tests with the Bonferroni correction revealed that the one- and two-
interruption conditions were significantly different to the zero-interruption 
condition (p = 0.024 and p = 0.04 respectively). However, the mean error rate 
across the two-interruption trials was not significantly different to that of the 
one-interruption condition (p = 0.114). 
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Figure 14: Mean error rates by number of interruptions, in the NC condition trials 

 

5.3 Discussion 

Our results show a broadly linear increase in mean error rates over the three 
interruption conditions. Although the statistical tests revealed that the 
introduction of interruptions had a significant effect on error rate, there was no 
significant difference between the one- and two-interruption conditions. 
Together, these facts support our third hypothesis that secondary interruptions do 
not exacerbate the problem of sequence errors. 

Li et al. (2008) claimed that the position of an interruption within a task could 
have a graded effect on the occurrence of errors, such that “nearby steps after an 
interruption may be more likely to result in errors than more distant steps”. This 
suggests that the disruptive effects of one interruption might conceivably impact 
the effects of a temporally close subsequent interruption. Our investigation 
included four occasions at which interruptions could occur, so the maximum 
distance between interruptions in our study was relatively small. Given the 
claims by Li et al. (2008), this lends extra weight to the significance of our 
results. 

Within a trial the position of each interruption was randomised. In future studies, 
the position variable could be more closely manipulated. Coupled with a longer 
sequential task—and therefore more opportunities for interruption—this would 
allow us to investigate in finer detail how the temporal distance between 
interruptions affects subsequent error rates. 
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Not all interruptions result in erroneous action. It would therefore be of interest 
to compare the likelihood of a second interruption causing an error in those cases 
where an initial interruption does, and does not, induce a slip. If the error rate 
measured after a second interruption is consistent regardless of whether the 
initial interruption caused an error, our third hypothesis would be further 
supported. 
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6 CONCLUSION 
Previous studies have shown how cueing during the resumption lag following an 
interruption can be effective in terms of both error rate and the time taken to 
resume the primary task. This study compared the efficacy of cueing the 
previous action and the next action against a baseline “no cue” condition. The 
previous-action cueing was found to provide a marked improvement in both 
error rate and resumption lag over the no cue condition. The next-action cueing, 
in terms of mean error rate and resumption time, was even better. In terms of 
statistical significance, this study found that the two cue types were equivalent in 
their effects. 

In addition to assessing which of the two cue types resulted in the most 
improved performance, the study looked at the effects of multiple interruptions 
within a trial to investigate whether problems are compounded. No evidence was 
found to suggest that this occurs: The mean error rate did not increase between 
one- and two-interruption trials. 

This study also revealed unexpected behaviour by the participants in the 
experiment who appeared not to trade speed for accuracy. There was no 
evidence that, having been interrupted, faster responses resulted in more errors, 
nor that slower reactions elicited fewer errors. 

Reducing the frequency of human error is an important endeavour in the realm 
of interface design, especially in safety-critical domains. The findings of this 
study are useful to designers because they lead to the following 
recommendation: Since previous- and next-action cueing were found to be 
statistically equivalent in their effects, and given that it is trivial for a computer 
program to log the last step taken by a user, software applications should, 
following an interruption, introduce a salient, meaningful, just-in-time cue 
pointing towards a user’s last action. 
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8 APPENDICES 
The following pages comprise the following: 

Appendix A Charts showing responses over time for each participant in the 
NC condition group. 

Appendix B Information sheet for participants. 

Appendix C Consent form for participants. 

Appendix D Instructions for participants in the NC condition group. 

Appendix E Instructions for participants in the PAC condition group. 

Appendix F Instructions for participants in the NAC condition group. 
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8.1 Appendix A 

The following charts illustrate the correct and incorrect responses made by each 
participant in the no cue condition. (The three outliers from this group are not 
shown.) The charts indicate no pattern in speed-accuracy trade-off behaviour. 

 

Figure 15: Participant 01 

 

 

Figure 16: Participant 02 

 

 

Figure 17: Participant 03 
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Figure 18: Participant 04 

 

 

Figure 19: Participant 05 

 

 

Figure 20: Participant 06 
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Figure 21: Participant 07 

 

 

Figure 22: Participant 08 

 

 

Figure 23: Participant 09 
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Figure 24: Participant 11 

 

 

Figure 25: Participant 12 

 

 

Figure 26: Participant 13 
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8.2 Appendix B 

 

Information Sheet for Participants in Research Studies 

You will be given a copy of this information sheet. 

Title of 
Project:   

The effects of repetition on the performance of routine procedural 
tasks 

This study has been approved 
by the UCL Research Ethics 
Committee [Project ID Number]: MSc/1011/002 

Name, Address and 
Contact Details of 
Investigators: 

Stuart Jones 

 

We would like to invite you to participate in this research project. You should only 
participate if you want to; choosing not to take part will not disadvantage you in any way. 
Before you decide whether you want to take part, it is important for you to read the 
following information carefully and discuss it with others if you wish. Ask us if there is 
anything that is not clear or you would like more information.  

You will be shown a software application and its use will be demonstrated. The software 
allows users to perform a particular trial. You will be invited to practise the trial a number 
of times; during this period the investigator will assist you if necessary. Once you have 
reached a satisfactory level of expertise, you will be asked to perform 12 consecutive 
trials with the software. This will allow us to measure the effects of repetition on routine 
tasks. The experiment will take no longer than an hour to complete. 

It is up to you to decide whether or not to take part. If you choose not to participate it will 
involve no penalty or loss of benefits to which you are otherwise entitled. If you decide to 
take part you will be given this information sheet to keep and be asked to sign a consent 
form. If you decide to take part you are still free to withdraw at any time and without 
giving a reason.  

All data will be collected and stored in accordance with the Data Protection Act 1998. 
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8.3 Appendix C 

 

Informed Consent Form for Participants in Research Studies 
(This form is to be completed independently by the participant after reading the 
Information Sheet and/or having listened to an explanation about the research.) 

Title of Project:  The effects of repetition on the performance of routine procedural 
tasks 

This study has been approved by the 
UCL Research Ethics Committee 
[Project ID Number]: MSc/1011/002 

 

 

 

 

 

 

 

 

Participantʼs Statement 

I  ………………………………………….................................. agree that I have 

 
§ read the information sheet and/or the project has been explained to me orally; 

§ had the opportunity to ask questions and discuss the study; 

§ received satisfactory answers to all my questions or have been advised of an 
individual to contact for answers to pertinent questions about the research and my 
rights as a participant and whom to contact in the event of a research-related injury. 

 
I understand that I am free to withdraw from the study without penalty if I so wish and I 
consent to the processing of my personal information for the purposes of this study only 
and that it will not be used for any other purpose. I understand that such information will 
be treated as strictly confidential and handled in accordance with the provisions of the 
Data Protection Act 1998. 

 

 Signed: Date: 

Investigatorʼs Statement 

I  ………Stuart Jones…………………………………………………………….. 

confirm that I have carefully explained the purpose of the study to the participant and 
outlined any reasonably foreseeable risks or benefits (where applicable).  
 

 Signed: Date: 
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8.4 Appendix D 

The following pages contain the instructions for participants in the NC condition 
group. 
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The	  effects	  of	  repetition	  on	  the	  performance	  of	  
routine	  procedural	  tasks	  

Introduction  

This	  experiment	  involves	  using	  a	  piece	  of	  software	  to	  run	  through	  a	  number	  of	  
trials,	  during	  which	  various	  aspects	  of	  your	  performance	  will	  be	  recorded	  by	  the	  
system.	  These	  data	  will	  subsequently	  be	  analysed	  to	  inform	  my	  project.	  

The  Prescription  Machine  

The	  software	  is	  called	  the	  Prescription	  Machine	  and	  your	  role	  is	  to	  configure	  it	  to	  
make	  a	  number	  of	  prescriptions,	  as	  if	  you	  were	  working	  in	  a	  pharmacy.	  The	  main	  
interface	  looks	  like	  this:	  

	  

The	  mode	  of	  operation	  is	  as	  follows	  (this	  describes	  one	  “trial”):	  
1. Click	  the	  Next	  prescription	  button	  to	  reveal	  a	  prescription	  in	  the	  pane	  at	  the	  

centre	  of	  the	  screen,	  e.g.	  
	  

	  
	  

2. Click	  the	  Type	  button	  in	  the	  Selector	  pane.	  
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3. Type	  the	  relevant	  numbers	  into	  the	  boxes	  in	  the	  Type	  pane,	  according	  to	  
the	  prescription.	  Using	  the	  example	  shown,	  you	  would	  enter	  25	  and	  20	  for	  
Lozenge	  and	  Gum	  respectively	  in	  the	  Type	  pane.	  Then	  click	  OK.	  

4. Repeat	  steps	  2	  and	  3	  for	  Shape,	  Colour,	  Packaging	  and	  Label	  –	  in	  that	  order.	  
(Note	  that	  the	  Label	  pane	  must	  be	  updated	  as	  per	  the	  Type	  pane.)	  

5. Finally,	  click	  Process	  to	  complete	  the	  prescription.	  

Interruptions  

On	  various	  occasions	  your	  progress	  will	  be	  interrupted	  by	  a	  “packaging	  task”.	  
You’ll	  be	  prompted	  to	  work	  out	  how	  to	  distribute	  a	  number	  of	  tablets	  into	  blister	  
packs	  containing	  4	  or	  9	  tablets.	  You	  will	  always	  need	  at	  least	  one	  of	  each	  type	  of	  
pack,	  and	  the	  packs	  will	  always	  be	  completely	  filled.	  Here’s	  an	  example	  where	  you	  
need	  to	  distribute	  21	  into	  packs	  of	  4	  and	  9:	  

The	  answer	  is	  3	  and	  1	  respectively,	  because	  21	  is	  the	  sum	  of	  12	  and	  9	  (i.e.	  3×4	  plus	  
1×9).	  Click	  Pack	  to	  check	  your	  answer	  and	  try	  another	  packing	  task.	  

Experiment  structure  

Practise  trials  

To	  familiarise	  with	  the	  software,	  you	  will	  have	  several	  practise	  trials.	  Try	  to	  
complete	  them	  without	  causing	  errors.	  In	  the	  final	  practise	  trial	  you	  will	  
experience	  two	  packing	  tasks.	  	  

Main  study  

You	  will	  experience	  20	  trials	  in	  total.	  Please	  try	  your	  best	  to	  complete	  them	  
without	  error!	  You	  will	  have	  the	  opportunity	  to	  take	  a	  break	  halfway	  through.	  At	  
the	  end	  you	  are	  free	  to	  leave.	  
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8.5 Appendix E 

The following pages contain the instructions for participants in the PAC 
condition group. 
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The	  effects	  of	  repetition	  on	  the	  performance	  of	  
routine	  procedural	  tasks	  

Introduction  

This	  experiment	  involves	  using	  a	  piece	  of	  software	  to	  run	  through	  a	  number	  of	  
trials,	  during	  which	  various	  aspects	  of	  your	  performance	  will	  be	  recorded	  by	  the	  
system.	  These	  data	  will	  subsequently	  be	  analysed	  to	  inform	  my	  project.	  

The  Prescription  Machine  

The	  software	  is	  called	  the	  Prescription	  Machine	  and	  your	  role	  is	  to	  configure	  it	  to	  
make	  a	  number	  of	  prescriptions,	  as	  if	  you	  were	  working	  in	  a	  pharmacy.	  The	  main	  
interface	  looks	  like	  this:	  

	  

The	  mode	  of	  operation	  is	  as	  follows	  (this	  describes	  one	  “trial”):	  
1. Click	  the	  Next	  prescription	  button	  to	  reveal	  a	  prescription	  in	  the	  pane	  at	  the	  

centre	  of	  the	  screen,	  e.g.	  
	  

	  
	  

2. Click	  the	  Type	  button	  in	  the	  Selector	  pane.	  
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3. Type	  the	  relevant	  numbers	  into	  the	  boxes	  in	  the	  Type	  pane,	  according	  to	  
the	  prescription.	  Using	  the	  example	  shown,	  you	  would	  enter	  25	  and	  20	  for	  
Lozenge	  and	  Gum	  respectively	  in	  the	  Type	  pane.	  Then	  click	  OK.	  

4. Repeat	  steps	  2	  and	  3	  for	  Shape,	  Colour,	  Packaging	  and	  Label	  –	  in	  that	  order.	  
(Note	  that	  the	  Label	  pane	  must	  be	  updated	  as	  per	  the	  Type	  pane.)	  

5. Finally,	  click	  Process	  to	  complete	  the	  prescription.	  

Interruptions  

On	  various	  occasions	  your	  progress	  will	  be	  interrupted	  by	  a	  “packaging	  task”.	  
You’ll	  be	  prompted	  to	  work	  out	  how	  to	  distribute	  a	  number	  of	  tablets	  into	  blister	  
packs	  containing	  4	  or	  9	  tablets.	  You	  will	  always	  need	  at	  least	  one	  of	  each	  type	  of	  
pack,	  and	  the	  packs	  will	  always	  be	  completely	  filled.	  Here’s	  an	  example	  where	  you	  
need	  to	  distribute	  21	  into	  packs	  of	  4	  and	  9:	  

The	  answer	  is	  3	  and	  1	  respectively,	  because	  21	  is	  the	  sum	  of	  12	  and	  9	  (i.e.	  3×4	  plus	  
1×9).	  Click	  Pack	  to	  check	  your	  answer	  and	  try	  another	  packing	  task.	  

Note:	   After	  a	  packaging	  task	  has	  been	  completed,	  to	  aid	  
your	  progress,	  a	  red	  arrow	  will	  point	  to	  the	  last	  
button	  that	  you	  clicked,	  for	  example:	  
	  

Experiment  structure  

Practise  trials  

To	  familiarise	  with	  the	  software,	  you	  will	  have	  several	  practise	  trials.	  Try	  to	  
complete	  them	  without	  causing	  errors.	  In	  the	  final	  practise	  trial	  you	  will	  
experience	  two	  packing	  tasks.	  	  

Main  study  

You	  will	  experience	  20	  trials	  in	  total.	  Please	  try	  your	  best	  to	  complete	  them	  
without	  error!	  You	  will	  have	  the	  opportunity	  to	  take	  a	  break	  halfway	  through.	  At	  
the	  end	  you	  are	  free	  to	  leave.	  
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8.6 Appendix F 

The following pages contain the instructions for participants in the NAC 
condition group. 
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The	  effects	  of	  repetition	  on	  the	  performance	  of	  
routine	  procedural	  tasks	  

Introduction  

This	  experiment	  involves	  using	  a	  piece	  of	  software	  to	  run	  through	  a	  number	  of	  
trials,	  during	  which	  various	  aspects	  of	  your	  performance	  will	  be	  recorded	  by	  the	  
system.	  These	  data	  will	  subsequently	  be	  analysed	  to	  inform	  my	  project.	  

The  Prescription  Machine  

The	  software	  is	  called	  the	  Prescription	  Machine	  and	  your	  role	  is	  to	  configure	  it	  to	  
make	  a	  number	  of	  prescriptions,	  as	  if	  you	  were	  working	  in	  a	  pharmacy.	  The	  main	  
interface	  looks	  like	  this:	  

	  

The	  mode	  of	  operation	  is	  as	  follows	  (this	  describes	  one	  “trial”):	  
1. Click	  the	  Next	  prescription	  button	  to	  reveal	  a	  prescription	  in	  the	  pane	  at	  the	  

centre	  of	  the	  screen,	  e.g.	  
	  

	  
	  

2. Click	  the	  Type	  button	  in	  the	  Selector	  pane.	  
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3. Type	  the	  relevant	  numbers	  into	  the	  boxes	  in	  the	  Type	  pane,	  according	  to	  the	  
prescription.	  Using	  the	  example	  shown,	  you	  would	  enter	  25	  and	  20	  for	  Lozenge	  
and	  Gum	  respectively	  in	  the	  Type	  pane.	  Then	  click	  OK.	  

4. Repeat	  steps	  2	  and	  3	  for	  Shape,	  Colour,	  Packaging	  and	  Label	  –	  in	  that	  order.	  
(Note	  that	  the	  Label	  pane	  must	  be	  updated	  as	  per	  the	  Type	  pane.)	  

5. Finally,	  click	  Process	  to	  complete	  the	  prescription.	  

Interruptions  

On	  various	  occasions	  your	  progress	  will	  be	  interrupted	  by	  a	  “packaging	  task”.	  
You’ll	  be	  prompted	  to	  work	  out	  how	  to	  distribute	  a	  number	  of	  tablets	  into	  blister	  
packs	  containing	  4	  or	  9	  tablets.	  You	  will	  always	  need	  at	  least	  one	  of	  each	  type	  of	  
pack,	  and	  the	  packs	  will	  always	  be	  completely	  filled.	  Here’s	  an	  example	  where	  you	  
need	  to	  distribute	  21	  into	  packs	  of	  4	  and	  9:	  

The	  answer	  is	  3	  and	  1	  respectively,	  because	  21	  is	  the	  sum	  of	  12	  and	  9	  (i.e.	  3×4	  plus	  
1×9).	  Click	  Pack	  to	  check	  your	  answer	  and	  try	  another	  packing	  task.	  

Note:	   After	  a	  packaging	  task	  has	  been	  completed,	  to	  aid	  your	  
progress,	  a	  red	  arrow	  will	  point	  to	  the	  next	  button	  that	  
you	  need	  to	  click,	  for	  example:	  

Experiment  structure  

Practise  trials  

To	  familiarise	  with	  the	  software,	  you	  will	  have	  several	  practise	  trials.	  Try	  to	  
complete	  them	  without	  causing	  errors.	  In	  the	  final	  practise	  trial	  you	  will	  
experience	  two	  packing	  tasks.	  	  

Main  study  

You	  will	  experience	  20	  trials	  in	  total.	  Please	  try	  your	  best	  to	  complete	  them	  
without	  error!	  You	  will	  have	  the	  opportunity	  to	  take	  a	  break	  halfway	  through.	  At	  
the	  end	  you	  are	  free	  to	  leave.	  


