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ABSTRACT 

Task switching is known to incur costs in time, effort and accuracy and yet there is 

an increasing societal trend toward multitasking and task switching, and at a 

frequency that may detrimental to task performance. Two experiments were 

conducted to investigate whether participants who switched frequently aimed to 

achieve optimal performance across tasks or whether frequent switching is the result 

of limited cognitive control. The effects of time pressure as well as interruption on 

information processing and task switching performance were also investigated. The 

results show that time pressure and rate of return affected task-switching frequency. 

And although universal strategies may exist, individual differences are likely to be a 

major influence on task switching behaviour. Time pressure, and to some extent 

interruptions were found to increase processing speed although interruption also 

increased switch cost and error rate. The implications for interface design as well as 

for future learning and task performance are discussed. 
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CHAPTER 1. INTRODUCTION 

 

It is likely that multitasking has always existed in some form, indeed because 

certain tasks operate on different timeframes multitasking is even at times a 

necessity.  However as social and economic pressures put increasing constraints on 

peoples’ time and as technology enables the automation of an increasing number of 

tasks, the potential to multitask increases. This societal phenomenon of juggling 

multiple tasks does not only permeate the work and personal lives of adults but 

more and more frequently, the lives of young (Lin. 2009; Ophir, Nass and Wagner, 

2009; Roberts, Foehr and Rideout, 2005). Ophir et al (2009) refer to this activity as 

media multitasking, and define it as “a person’s consumption of more than one item 

or stream of content at the same time”.  In 1999, Mark Weiser predicted an era of 

ubiquitous computing, and as such an era creeps ever nearer we see computers and 

electronic media everywhere: at work, at home, at school and increasingly in the 

public sphere; and in many forms. Furthermore, research has shown that a greater 

tendency to multitask exists (in 8 to 18 year olds) when using electronic media than 

when using print media. As the social and economic pressures that exist for adults 

do not exist for the young is seems plausible that this tendency is out of a 

preference to multitask rather than a necessity. Alongside an increase in the 

portability of computers, comes an increase in the ability to be online almost 

anywhere, and at any time, which has created an expectation of immediate 

responsiveness (Ophir et al. 2009). The existence of computer-based multitasking 

itself is unsurprising given that WIMP (windows, icons, menus and pointing 
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device) interfaces were designed to support the activity.  In addition computer 

screens continually increase in size further supporting the ability to have multiple 

tasks visible on screen at the same time.  

There are two main aims of this dissertation. Firstly, to investigate the domain of 

discretionary task switching and the triggers causing frequent switching. And 

secondly to explore the effects of time pressure and forced interleaving behaviour 

on task, as well as task switching performance.  The literature review that follows 

aims to give a selective review of the body of research, both from the lab and the 

field, supporting the idea that human cognition is not wired for multitasking 

activity. It then explores the issues of attentional and cognitive control as well as 

discretionary task switching before considering the effects of affect on information 

processing performance, as well as task switching performance. The literature 

review is followed by two experiments: the first aimed to investigate the triggers for 

frequent task switching as well as the effects of time pressure and interruption on 

processing and task switching performance; and the second experiment aimed to 

rectify potential confounds apparent in the first experiment, as well as providing an 

opportunity to improve on the methodology. A general discussion summarises the 

main findings from the two experiments, considers the limitations therein as well as 

future work, and the implications for human-computer interaction before finally 

drawing an overall conclusion. 
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CHAPTER 2. LITERATURE REVIEW 
 

2.1.  Discretionary task interleaving 

The nature of interruptions such as the telephone ringing or a colleague appearing at 

the desk is external and involuntary. However, studies have observed a tendency to 

frequently switch between tasks by choice and without the need to do so. Why do 

people choose to switch so frequently between tasks? Why might an individual 

decide to stop work on one unfinished task, to work on an unrelated task, only to 

have to return to the first task later? This tendency is particularly surprising when 

we consider the switch cost incurred on each occasion (e.g., Altmann and Trafton, 

2002). And how do people decide when to switch?  Payne and Duggan (2007) 

suggest that frequent discretionary task switching may be a means of allocating 

time preferentially across multiple tasks.  That in switching frequently in a dynamic 

task environment an individual might be aiming to spend as much time as possible 

in the more rewarding task. In order to investigate how switching decisions might 

be made Payne and Duggan conducted a series of studies to explore the application 

of animal foraging theory to a sequential task-switching paradigm. They propose 

that individuals employ a model comprising three heuristics: sensitivity to a 

continuous rate of return and two independent bases for switch decisions: giving-up 

time, and switching upon completion of a sub goal. 

The concept of sensitivity to rate of return is based on Green’s assessment rule 

(Green, 1984; Stephens and Krebs, 1987) and assumes that animals track an 
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estimate of the potential of a patch (or in this instance, task). The patch (or task) 

estimate decreases by a fixed amount per unit of time that passes and although it 

increases by a fixed amount with each item (or word) encountered, it eventually 

drops below an acceptable threshold causing the animal (or individual) to leave the 

patch (or task). Payne and Duggan call this threshold the giving-up time. Green’s 

rate of return heuristic provides an opportunity for optimal performance through the 

preferential allocation of time because it leads to longer visits in richer patches (or 

tasks) where the potential is variable and unknown beforehand. 

Giving-up time is the time that passes between the last encounter of an item before 

a switch decision and the switch decision taking places. It is the first of the two 

independent bases for switch decisions according to Payne and Duggan (2007). 

Payne and Duggan refer to this as a ‘patience threshold’. Indeed such a heuristic 

seems similar to judgement based on affect as per Martin and Clore (2001) where 

an individual asks him or herself: ‘how do I feel about it?’ A positive evaluation 

would result in a decision to remain on the current task and a negative evaluation in 

a decision to switch to an alternative task. 

The second independent base for switch decisions is switching on completion of a 

sub goal. Theories of switch cost assume that switching between sub goal 

boundaries is a way of minimising the cost incurred by switching (Adamczyk and 

Bailey, 2004; Altmann and Trafton, 2002; MacFarlane and Latorella, 2002), 

however foraging theory contradicts this theory because it is assumed that 

encountering an item on completion of a sub goal postpones switch decisions. 

Hence the reason Payne and Duggan propose a dual-orientation to switch decisions 
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comprising giving-up time and switching on sub goal completion as independent 

bases for switch decisions. The model was supported by experimental data (Payne 

and Duggan, 2007). 

 

2.2. Media multitasking and sequential task switching 
 

Sequential multitasking in the laboratory 

There is currently a societal trend toward multitasking; nevertheless an entire body 

of research has demonstrated that processing more than a single stream of 

information is highly challenging for human cognition. In fact recent research has 

suggested that the greater the tendency to multitask, the greater also the inability to 

switch between tasks effectively (Ophir et al, 2009), despite what might be 

expected from learning and practice (Lin, 2009). Ophir et al found that heavy media 

multitaskers showed a fundamentally different, breadth-biased approach to 

information processing, compared to the focussed approach of light media 

multitaskers. Surprisingly, task switching performance of heavy multitaskers was 

worse than that of light multitaskers.  Their ability to suppress irrelevant 

information in memory was less effective and they demonstrated a greater tendency 

to attend to irrelevant stimuli whether in the environment (bottom-up processing) or 

in memory (top-down processing). It is currently unclear whether multitasking is 

the cause or the effect of this apparent difference in information processing. 

Interference of irrelevant task-sets or goals has received substantial attention in 

psychology literature, and is generally referred to as ‘switch cost’ (Altmann and 
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Trafton, 2002; Ophir et al, 2009; Payne and Duggan, 2007; Yeung, Nystrom, 

Aronson and Cohen, 2006). The constraints of goal strengthening and interference 

from Altmann and Trafton’s successful memory for goals theory (2002) supports 

Ophir et al’s findings regarding the inhibition the interference of irrelevant 

information in memory (2009).  Research has shown that people choose to switch 

frequently between tasks in the laboratory but do people demonstrate a tendency to 

switch in the real world? 

 

Sequential multitasking in the field 

A tendency toward multitasking has been observed in the field as well as in the 

laboratory, as has a tendency to switch frequently between tasks. Gonzales and 

Mark (2004) found that information workers in an office environment spent on 

average just over 3 minutes on a task, and just over 2 minutes using a single tool 

before switching to another. Gonzales and Mark, as well as Sproul (1984), observed 

that individuals interrupted themselves as much as they were interrupted. Gonzales 

and Mark noted that the majority of self-interruptions were due to face-to-face 

interaction with other individuals, as reported by O’Connail and Frolich (1995). 

During a diary study by Czerinski, Horvitz and Wilhite (2004) participants reported 

a significant amount of task switching, and numerous interruptions. An average of 

0.7 interruptions were reported per task, and 40% of task switches were self-

initiated.  
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2.3. The role of affect in information processing  

Anxiety and attentional control 

According to Eysenck et al’s attentional control theory (2007) anxiety can cause a 

decrease in attentional control which affects two specific aspects of executive 

control: inhibition and shifting. The inhibition function is impaired when demands 

on the central executive are high resulting in a greater tendency to be distracted by 

task-irrelevant stimuli whether in the external environment or in the mind. The 

theory also predicts an impaired shifting function when demands on executive 

function are high.  Eysenck et al found that the distraction effects were higher when 

the shifting function was involved, that is, when shifting between multiple tasks. 

They also propose that the affects should be greater when anxiety levels are high, 

for example, under stressful conditions (e.g., time pressure or interruption). Other 

research has revealed a tendency toward distraction due to individual differences in 

working memory capacity. This research is has not been related to anxiety. 

Furthermore, Derryberry and Reed (2002) found evidence that individual 

differences in attentional control caused distraction due to poor inhibition, 

independently of the affects of anxiety. An important aspect of attentional control 

theory is that anxiety does not always impair performance because compensatory 

strategies such as enhanced effort and increased processing resources can be used. 

Affect and perceptual processing 

There is much research on the effects of interruption on task performance (e.g., 

Byrne and Bovair, 1997; Li et al, 2008) and although interruptions have mostly 
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been reported as disruptive (Altmann and Trafton, 2002; Li et al, 2008) a few 

studies have found that interruptions improved performance on simple tasks, for 

example, in speeding up decision-making performance (Speier, Valacich, and 

Vessey, 1999), and more specifically in speeding up perceptual processing 

(Ratwani, Trafton and Myers (2006).  Ratwani et al found that inter-action intervals 

were shorter following interruptions; furthermore, eye-tracking data provided 

evidence that fixation duration during inter-action intervals was shorter.  

Research on the effects of affect and physiological arousal on information 

processing has produced mixed results, however some ideas are widely recognised. 

Information processing theory assumes that limited capacity in working memory 

leads to a high level of selective attention and thus assumes a close relationship 

between attentional and perceptual processes (Fox, 2008). Selective attention is 

recognised for its ability to improve perceptual processing. Clore and Palmer 

(2008) found that negative affect promotes a bias towards perceptual processing. 

Negative affect such as sadness, anxiety and stress is known for causing an 

attentional bias toward stimuli that represent a threat to individuals’ safety or goals 

(Fox, 2008; Eysenck et al, 2007; Williams et al, 1988). Indeed there is a body of 

research in support of negative affect improving processing, for example, through 

an inhibition of relational processing (Clore and Palmer, 2008) which results in 

local and even item-level focus (Brefczynski and DeYoe, 1999, Clore and Palmer, 

2008, Gasper & Clore, 2002, Staal, 2004); bottom-up or stimulus–driven processing 

rather than goal-oriented processing (Clore and Palmer, 2008, Eysenck et al, 2007, 

Williams et al, 1988); as well as a more systematic approach to processing (Gohm 
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and Clore, 2000; Schwarz and Clore, 2006).  

Research also shows that the level of physiological arousal affects the intensity at 

which an affective state is experienced (Ortony, Clore and Collins, 1988, Russell 

and Barrett, 1998, Seo and Barrett, 2008), which in turn is likely to affect processes 

such as perception and attention.  More specifically, studies such as Ratwani et al 

(2006) have concluded that increased arousal increases performance on simple 

tasks.  Indeed, since Yerkes and Dodson’s dancing mouse experiments (1908) it has 

been recognised that stress and/or physiological arousal improves information 

processing performance, and to the extent that stress induction is used to maintain 

acceptable levels of performance e.g., in safety critical situations (e.g., Hudlicka, 

2003).  

 

2.4.    Summary 

It seems human cognition is not equipped to deal with multiple streams of 

information simultaneously, and rather we process information from various media 

channels individually by attending to each in alternate shifts of attention. Indeed 

research shows that every switch between alternative flows of information results in 

costs in time, effort and accuracy. Despite this cost, individuals consistently show an 

tendency to switch frequently between tasks, both in the laboratory (Payne and 

Duggan, 2007) and in the field (Czerwinski et al, 2004; Gonzales and Mark, 2004; 

2005). Whilst it is possible this tendency to frequently self-interrupt is a strategy for 
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preferentially allocating time across multiple tasks in a dynamic, and demanding 

task environment (Payne and Duggan, 2007), it is also possible that individuals may 

switch frequently due to limited attentional or cognitive control. It also seems 

possible that task performance could be influenced by individual differences such as 

affective state and level of physiological arousal, as well as ability to acknowledge 

and manage affect influence. There is one recurrent theme in the literature however 

and that is the issue of executive function and working memory capacity and the 

potential for individual differences therein. Although Payne and Duggan’s model for 

switch decisions is attractive is seems as though it may be too simple. Is frequent 

switching always an attempt to allocate time preferentially across multiple tasks or 

might it at least at times be indication of individual differences in cognitive control? 
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CHAPTER 3. EXPERIMENT 1 
 
 

3.1.  Rationale 

An experiment was designed to investigate sequential interleaving strategy and task 

performance in a computer-based environment. The experiment aimed to 

investigate a number of predictions. The first prediction was that a tendency to 

switch frequently between tasks would be observed, in addition, it was expected 

that Payne and Duggan’s three-parameter model of interleaving strategy outlined in 

the literature review would be replicated.  The second prediction was that forced 

interleaving (namely external interruption) and time pressure would increase 

processing efficiency (i.e., greater speed as well as accuracy), however a prediction 

was also made that the combination of forced interleaving and time pressure might 

result in a decrease in processing efficiency rather than an increase. 

A computer-based sequential task-interleaving paradigm was designed where 

participants were required to find as many errors as possible in two independent 

word-processed documents. Errors were highlighted in a proofreading document 

and corrected in a copy-editing document.  

Interleaving strategy was manipulated on two levels. In the first instance 

participants were free to interleave between the two documents as much or as little 

as they wished. And in the second instance they were required to work on one 

document continuously until instructed to switch to the alternative task without 

returning to the first, an equal amount of time was spent on each document.  
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Time pressure was also varied on two levels, and participants were given either five 

or ten minutes to work on both documents.  

 

3.2.  Method 

Participants 

Eight Participants were recruited from the UCL student community. English was the 

first language of five participants; with the remaining three speaking English as a 

second language.  They were a mixture of female (two) and male participants (six). 

All participants were experienced users of both computers and word processing 

software. In addition they all reported either unimpaired or corrected, impaired 

vision and no learning difficulties.  

 

Materials 

The experiment was run in the same controlled environment throughout. Techsmith 

Morae Recorder was used to record the screen during each participant session, and 

Morae Observer was used to observe participant activity and to record and 

timestamp events to be used as experimental measures. Morae Manager was used to 

verify and edit events. All events were exported from Morae Manager in CSV 

format allowing data to be extracted for statistical analysis.  

The task environment consisted of three distinct tasks: an expenses task, a proof 
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reading task and a copyediting task (only the proof reading and copyediting tasks 

were used for analysis because the expenses task was too short). The text for proof 

reading and copyediting task content was taken from the website accompanying a 

course textbook (Interaction Design by Preece, Sharp and Rogers, 2007) from which 

eight Microsoft Word documents created. The expenses task was a spreadsheet, 

which automatically calculated amounts entered. The track changes function was 

used to mark corrections made in the copy editing document, and the highlighter 

tool used to highlight errors in the proof reading document. Each document 

contained different and unrelated content in order to avoid any learning or 

performance effects. There was an equal number of errors evenly distributed 

throughout each providing a continuous rate of return. There were five types of 

error: spelling, grammar, punctuation, semantic, homonym and typographical. The 

errors were obvious and common errors as the aim was to test information 

processing performance rather than participants’ proficiency in the English 

language. An affect questionnaire was presented at the end of each trial as per Seo 

and Barrett (2008) to collect self-report data. An onscreen digital timer was used to 

provide feedback both for participant and experimenter, as well as to begin and end 

each trial. 

 

Design 

The experimental design was a 2 (interleave: free-interleave; forced-interleave) x 2 

(time pressure: ten minute; five minute) within-subjects design. The design resulted 

in four conditions, which were counterbalanced across participants to avoid any 
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effects of presentation order. In addition, the eight task documents were 

counterbalanced across conditions in order to avoid any unintended effects of task 

difficulty, learning or performance.  

There were two categories of dependent variable: performance and switch strategy. 

The performance measures were number of items (errors found), number of errors 

(unnecessary or inappropriate highlighting or amending of errors in documents), rate 

of return and between-item time. The measures for switch strategy were number of 

switches, longest between-item times, and giving-up times. 

 

Procedure 

The experiment consisted of one practice trial followed by four experimental trials, 

each corresponding to one of the four within-subjects conditions. In order to ensure 

participants received identical trial knowledge printed instructions as well as 

onscreen instructions were provided for both the practice and experimental trials. 

This also reduced informal and unnecessary communication between participant and 

experimenter although participants were encouraged to ask questions if they did not 

understand. The purpose of the practice trial was to allow participants to familiarise 

themselves with task requirements, as well as using the experimental equipment. In 

the forced conditions participants were required to spend one third of the allocated 

time on each document, in a single visit and in sequence. In the free conditions 

participants were free to switch as much or as little as they wished although framing 

was used to motivate participants to visit each document at least once as well as to 
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encourage both speed and accuracy. Participants were fully debriefed upon request 

following the experiment rather than before, in order to avoid self-monitoring. The 

four conditions were counterbalanced across participants. 

Following the practice trial and prior to beginning each of the four experimental 

trials participants were required to open the appropriate trial folder, click Start Task 

on the recording software and then Start on the timer. The timer was visible to both 

participants and experimenter throughout the experiment in order to provide 

feedback regarding time remaining on each trial.  The forced interleave conditions 

were timed by the experimenter and instructions to switch documents given 

verbally. At the end of each trial the timer automatically alerted the participant with 

a message to stop. At the end participants were asked to complete a self-report 

questionnaire regarding switching strategy.  

 

3.3.  Results 

The term item will be used to describe errors found, and the term error to describe 

incorrect activity e.g., a typographic mistake or unnecessary activity e.g., changes 

to language that is correct. In this experiment, participants were required to find as 

many items as possible during four trials/conditions. All items found were counted, 

whether items found and highlighted in the proof reading task, or corrections made 

in the copy-editing task. Data from one participant were excluded due to a very 

small number of items being found during one trial, and errors alone being found 

during another.  In addition data from a second participant were excluded due to 
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outliers. Table 1 contains definitions of all dependent variables used during 

experiment 1.  

 

Dependent variable Definition 

Number of items Total or mean number of errors found (proof reading) 
or corrected (copy editing). 

Error rate Mean number of unnecessary or incorrect changes. 

Rate of return  Mean number of items found per minute. 

Between-item time 
(seconds) 

Interval between two items being found. 

Time per visit (seconds) Mean time spent per visit to a task. 

Time spent on task Mean time spent on a task. 

Longest between-item 
time (seconds) 

Mean longest interval between two items being found 
(time averaged over visits, then participants).  

Giving-up time (seconds) Mean time between the last item found and switch to 
another task. 

Number of switches Mean number of switches between tasks. 

Switch cost (seconds) Mean time between a switch to a task and finding the 
first item. 

Table 2. Definitions of the dependent variables  

Performance measures 

The performance measures for this experiment were total number of items, rate of 

return, between-item time, and error rate. Unless specified a 2 (interleave: forced; 

free) x 2 (time: ten minute; five minute) repeated measures ANOVA was 

conducted, using a significance level of p < .05. 
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Figure 4. Experiment 1: Bar chart showing mean number of items found 
across the four main conditions. Error bars are standard error of the mean. 

Figure 1 shows the total number of items found across each of the four main 

conditions. Although a slightly higher number of items were found in the forced-

interleaving condition (M=21.17, SD=12.02) than in the free-interleaving (M=20.08, 

SD=10.94) conditions, this was not significant, F<1. Figure 1 also shows that 

participants found a higher number of items during the ten minute condition (M=27, 

SD= 10.65) than during the five minute condition (M= 14.25, SD= 7.92), as would 

be expected. This main effect of time was significant, F(1,5)=22.70, p<.005. During 

the five minute condition however, participants found 51.46% of the total number of 

items found during the ten minute condition. 
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The above analysis shows that participants found more items when given more time 

but were they more efficient at finding items with more time? In order to address 

this issue it is necessary to consider the rate at which items were found.  

 

Figure 5. Experiment 1: Rate of return across the four main conditions. Error 
bars are standard error of the mean. 

 

Figure 2 shows that more items were found per minute during the five-minute 

conditions (M=4.16, SD=2.08) than during the ten-minute conditions (M=3.90, 

SD=1.57). Although this main effect was not significant, it does reveal a trend that 

suggests participants were more efficient at finding items when given less time. 

Figure 2 also shows that more items were found per minute during the forced 
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interleaving conditions (M=4.18, SD=1.84) than the free interleaving conditions 

(M=3.88, SD=1.85). Although this main effect is not significant it does suggest that 

participants were slightly more efficient at finding items during the forced 

interleaving conditions.  

In accordance with the analysis for rate of return between-item times (intervals 

between two items being found) were shorter during the five minute conditions 

(M=11.17, SD=4.22) than the ten minute conditions (M=13.25, SD=3.60), although 

not significant, F(1,5) = 6.44, p=.52. The forced interleave conditions (M=12.17, 

SD=4) and free interleave conditions (M=12.25, SD=4.14) were almost equal.  

 

 

Figure 6. Experiment 1: Between-item time interaction between the interleave and 
time conditions. Error bars are standard error of the mean. 
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The interaction of interleave and time conditions shown in figure 3 suggests that the 

combination of less time with the freedom to choose when to switch produced the 

shortest times; whereas the combination of choosing when to switch and having 

more time to complete the task produced the longest times. Furthermore, in the 

forced conditions intervals between finding items were similar, with shorter times 

overall when given less time. Figure 4 shows that between-item times were 

shortest, and with the narrowest variance, in the free interleaving, five-minute 

condition. Figure 4 also shows that variance was greater in the forced than in the 

free interleaving conditions.  

 

Figure 4. Experiment 1: Between-item time across the four main 
conditions. Error bars are standard error of the mean. 

The final performance variable is error rate. Fifteen per cent of all items found were 



28  

errors. The chart below shows error rate was lower in the five-minute (M= 1.67, 

SD= 1.87) conditions than in the ten-minute conditions (M= 4.67, SD= 5.60), and 

lower in the forced conditions (M=2.67, SD=2.57) than in the free conditions 

(M=3.67, SD=5.71), although neither main effect was significant, F<1. Analysis 

shows that shorter trial times and forced interleaving seem to result in fewer errors. 

 

Figure 5. Experiment 1: Error rate across the four main conditions. Error 
bars are standard error of the mean. 

Task-switching measures 

In order to consider the various heuristics that may have influenced switching 

decisions between tasks during the free interleave conditions it is necessaru to 

analyse the following dependent variables: number of switches, longest between-
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item time, and giving-up time.  

A related ttest was used to analyse the number of switches in the free interleaving 

conditions (ten minute; five minute). Figure 6 shows that participants switched 

more frequently during the five minute conditions (M=2.33, SD=1.25) than the ten 

minute conditions (M=2.50, SD=.79), however this main effect was not significant, 

t(-1)=0.60, p=.36.  

 

Figure 6. Experiment 1: Number of switches made during the free 
interleaving conditions. Error bars are standard error of the mean. 

In order to further investigate strategy it is necessary to consider longest-between 

item times and giving-up times per visit to each of the two tasks (proof reading; 

copyediting). Figure 8 shows that giving-up times were shorter (M=12.21, 

SD=13.84) than the longest between-item times (M=31.29, SD=18.58). A 2 (time 

condition: five; ten minute) x 2 (task type: proof reading; copy editing) x 2 (time 

type: longest between-item time; giving-up time) repeated measures ANOVA was 

used and found the main effect of time type to be significant, F=(1, 5) = 26.5, 
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p<.004. In addition, there was a significant effect of time, F=(1, 5) = 27.29, p<.004, 

where times were significantly shorter in the five minute conditions (M=15.83, 

SD=14.21) than in the ten minute conditions (M=27.67, SD=21.65). Furthermore 

there was an interaction of time and time type as shown in figure 9, F=(1, 5) = 

21.87, p<.006, where longest between-item time was shorter when the time limit 

was shorter, however giving-up time remained consistent regardless of the amount 

of time spent on the task. 

 

Figure 7. Experiment 1: Interaction of time condition (ten minute; five minute) and 
time type (longest between-item time; giving-up time) 
 
 

3.4.  Discussion 

Effects of forced interleaving and time pressure on task performance 

The purpose of this research was to investigate the effects of forced interleaving 
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activity and time pressure both on task performance and on interleaving strategy. 

Two main predictions were made. Firstly, that both forced interleaving activity and 

a short period of time in which to complete the trial would result in an increase in 

task performance through more efficient processing and fewer errors. This 

prediction was partially supported by each of the four dependent measures of 

performance: number of items, rate of return, between-item time, and error rate. 

However, each of these variables showed an increase in performance in conditions 

where the manipulation involved either forced interleaving or shorter trial duration. 

Although not significant, the main effect of time on the between-item time variable 

was close to significance, F(1,5) = 6.44, p=.52. Such an increase in performance 

could be caused by external interruption as found by Ratwani et al, (2006) as well as 

Speier et al (1988) and more specifically, could be due to more efficient perceptual 

processing (Ratwani and Trafton, 2006). These findings support existing literature 

regarding the effects of negative affect and arousal on perceptual processing. That is 

an increase in negative affect (e.g., stress, distress, anxiety) results in more efficient 

processing through greater focus (Brefczynski and DeYoe, 1999, Clore and Palmer, 

2008, Gasper & Clore, 2002, Staal, 2004), a more systematic approach (Gohm and 

Clore, 2000; Schwarz and Clore, 2006), selective attention (Eysenck, 2007; 

Williams et al, 1988), as well as stimulus-driven processing rather than goal-driven 

(Clore and Palmer, 2008, Eysenck et al, 2007, Williams et al, 1988).  In addition, 

arousal can increase the intensity at which affective states are experienced (Ortony, 

Clore and Collins, 1988, Russell and Barrett, 1998, Seo and Barrett, 2008) 

presenting the potential for further improving processing efficiency ( 
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Ratwani et al, 2006). 

It was also predicted that performance during forced interleaving activity combined 

with a shorter time limit could result in either an increase or decrease in 

performance.  Interestingly, although the support for this prediction is not 

significant, not only do trends in the data partially support the prediction, as 

expected, they unexpectedly support its inconclusive nature. To clarify, existing 

research has produced mixed results. It seems individual differences and even the 

complex and unstable nature of affective states (Eysenck et al, 2007; Matthews and 

Campbell, 2010, Seo and Barrett, 2008) may play a part in the lack of clear 

conclusions.  For example, Eysenck et al (2007) found that there were no effects of 

anxiety on reading as long as conditions were non-stressful, however results for 

stressful conditions were inconsistent. Matthews and Campbell (2010) found the 

response of working memory to stress states was dynamic and unstable. However, 

they found distress, induced by time pressure, had a consistent impact on working 

memory, causing a performance decrement on an arithmetic task. Researchers have 

proposed likely effects of individual differences, such as varying emotional 

management style (Seo and Barrett, 2008) and attentional or cognitive control 

(Derryberry and Reed, 2002; Ophir et al, 2009). In which case individual differences 

are likely to be central to this area of research. It seems plausible that the interaction 

of the time and interleaving conditions, as well as greater variance in performance 

during the forced interleaving conditions for the between-item time measure could 

be explained by the findings of existing research. 
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Effects of choice and time pressure on frequency of switching and interleaving 

strategy 

A prediction was made that participants would switch frequently during the free 

interleaving conditions, and that Payne and Duggan’s three-parameter model (2007) 

would be replicated.  

Contrary to Payne and Duggan’s findings (2007), participants did not show a 

tendency to switch frequently. Rather, participants showed a tendency to remain 

longer in the first document visited. There are a number of possible explanations. 

Whereas Payne and Duggan’s task environment (2007) presented a diminishing rate 

of return, the documents in this experiment presented a continuous rate of return.  

According to Payne and Duggan a diminishing rate of return is one of the necessary 

triggers for frequent switching behaviour (see literature review, section 2.1).  And 

although the two tasks in each trial had different rates of return (high and low) they 

were excluded from analysis due to insufficient counterbalancing of tasks across 

conditions.  It is also possible that the rate of return (items found per minute) was 

too high for the heuristic estimate to exceed the threshold and thus trigger a switch 

decision. Another possibility is that the lack of task visibility in this experiment in 

may have presented a perceptibly greater switch cost than that of Payne and Duggan 

(Adamczyk and Bailey, 2004). These potential issues are rectified in a second 

experiment.  Finally it is possible that the difference in the type of task resulted in 

different behaviour; finding and correcting errors in a word processed document is 

significantly different from generating words from a scrabble or word search puzzle 

(Payne and Duggan, 2007). It is also possible that individual differences played a 
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significant role, perhaps due to affective state (e.g., Seo and Barrett, 2008) or 

attentional control (Derryberry and Reed, 2002; Eysenck et al, 2007; Ophir et al, 

2009). 

In accordance with Payne and Duggan (2007) longest between-item times were 

reliably longer than giving-up times. This suggests that although participants are 

likely to have used the giving-up time heuristic for some switch decisions, it is 

likely they also switched, at times, on completion of a sub goal (i.e., upon finding an 

item).  As well as working more quickly when under time pressure, it is possible 

participants also demonstrated a bias toward the giving-up time heuristic over 

completion of a sub goal as a basis for switch decisions, when given less time. 
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CHAPTER 3. EXPERIMENT 2 
 
 

3.1. Rationale 

The purpose of experiment 2 was to rectify two confounds present in the 

methodology of experiment 1: a continuous rather than diminishing rate of return 

and insufficient counterbalancing of task content. In addition it posed an opportunity 

to strengthen the methodology. A between-subjects manipulation of high and low 

rate of return was added to provide a basis of comparison for task switching 

behaviour; and task content was carefully counterbalanced across conditions and 

participants. In addition a self-report questionnaire regarding strategy was added, 

and a larger sample size used in the hope of producing greater effects. The same 

interleave and time conditions were used as in experiment 1, as well as the same 

computer-based, word processing environment was used.  

3.2.   Method 

Participants 

Sixteen participants (8 female) were recruited using the UCL Psychology 

department subject pool. They were aged between 19 and 50 years. All participants 

were English speakers, experienced users of computers and word processing 

software, had either unimpaired or corrected impaired vision and no learning 

difficulties. The experimental design was mixed, so participants were divided into 

two groups of eight. Participants were paid £10 for participating.  
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Materials 

Experiment 2 was run in the same controlled environment as experiment 1 and using 

exactly the same setup although a larger (19”) monitor was used. The larger monitor 

made it possible for both task documents to be visible onscreen concurrently.  The 

task environment was altered slightly from experiment 1 and consisted of just two 

independent word-processing tasks: a proof reading document and a copyediting 

document. The same textual excerpts were used but with fewer errors present.  

Unlike experiment 1 where errors were distributed equally throughout the 

document, a perceptibly diminishing rate of return was present: the number of errors 

was greater in the first 250 words and diminished in each subsequent 250 words 

with 0 errors in the final 250 words.. 

 

Design 

The experimental design was a 2 (switch type: free-interleave; forced-interleave) x 2 

(time pressure: 10-minute; 5-minute) x 2 (rate of return: high; low) mixed factorial 

design. The design resulted in eight conditions, which were counterbalanced across 

participants to avoid any effects of presentation order. In addition, the eight task 

documents were counterbalanced across conditions in order to avoid any unintended 

effects of difficulty, learning or performance.  

The dependent variables were identical to experiment 1: number of items, error rate, 

rate of return and mean between-item time with the addition of switch cost, as 

measures of performance. The measures for interleaving strategy were number of 
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switches, longest between-item times, and giving-up times, as per experiment 1.  

 

Procedure 

Experimental procedure was almost identical to experiment 1 but differed in 

framing and in pre-task preparation. In the free conditions participants were free to 

switch as much or as little as they wished, and this is how the trials were framed. 

The motivational framing used in experiment 1 was omitted from experiment 2, so 

did not bias participants toward visiting both documents during the free-interleave 

conditions. Prior to beginning each trial participants were required to open the task 

documents and arrange each to occupy 50% of the screen by setting the zoom size 

of each to 90% ensuring that all text in both documents was visible onscreen at the 

same time, and equal in size.  

 

3.3.   Results 

As in experiment 1, participants were required to find as many items as possible in a 

proof reading or copyediting task during four trials/conditions. Data analysis 

includes data from two groups of seven participants because data from two 

participants were excluded due to a failure to follow instructions.  

 

Effects of forced interleaving and time pressure on performance  

Unless specified a 2 factor (interleave condition: forced; free) x 2 factor (time 
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condition: ten; five minute) x 2 group (rate of return: high; low) mixed ANOVA 

was conducted. As for experiment 1, a significance level of p < .05 was used. 

During experiment 2, as expected participants found a higher number of items 

during the ten minute conditions (M=42.43, SD= 23.41) than during the five minute 

conditions (M= 25.54, SD= 12.05), although they were more efficient at finding 

items during the five minute condition (25.54 x 2 = 51.08 items). This main effect of 

time was significant, F(1,12)=66.7, p=<.001. Participants also found a higher 

number of items during the high rate of return conditions (M=48.32, SD= 19.25) 

than during the low rate of return conditions (M=19.64, SD=6.64), as expected. This 

main effect of rate of return type was significant, F(1,12)=32.83, p=<.001. 

Furthermore, an interaction of time and return type, F(1,12)=24.2 p=.001, (figure 8) 

indicates that participants found more items when given more time and a high but 

diminishing rate of return as would be expected. However it suggest that when the 

rate of return was low, participants were more efficient at finding items when given 

less time. 

 

Figure 8. Experiment 2: Interaction of time and rate of return type for number of 
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items. Error bars are standard error of the mean. 

Analysis shows that participants found more items when given longer to work on 

the task but suggests they were more efficient at finding items when given less 

time. In order to investigate this further it is necessary to consider the rate at which 

items were found. 

 

Figure 9. Experiment 2: Rate of return across interleave and time 
conditions. Error bars are standard error of the mean. 

In accordance with analysis for the total number of items found, figure 9 shows that 

participants found more items per minute during the five-minute conditions 

(M=5.11, SD=2.41) than during the ten-minute conditions (M=4.32, SD=2.45), 

furthermore this main effect of time was significant, F(1,12) = 9.42, p=<.01. There 
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was also a significant main effect of rate of return type, F(1,12) = 31.3, p=<.001 as 

expected, where the rate of return was greater during the high rate of return 

conditions than during the low rate conditions. Figure 9 also shows that a 

marginally higher number of items were found per minute during the forced 

interleaving conditions (M=4.84, SD=2.5) than the free interleaving conditions 

(M=4.59, SD=2.43). Although this effect was not significant it does suggest that on 

average participants were more efficient at finding items during the forced 

interleaving conditions. 

In accordance with analysis so far between-item times were shorter during the five-

minute conditions (M=12.18, SD=15.14) than the ten-minute conditions (M=15.14, 

SD=6.82). Furthermore, this main effect of time was again significant, F(1,12) = 

17.50, p=<.001. Between-item times during the forced interleave conditions 

(M=13.54, SD=6.30) were on average .25 of a second shorter than during the free 

interleave conditions (M=13.79, SD=6.17) but the effect non-significant, F<1. 

Figure 13 shows an interaction of the time and level of rate of return conditions, 

F(1,12) = 6.1, p=<.001. This interaction shows that the difference in between-item 

times was small during the five minute condition compared with the ten minute 

conditions, when the rate of return was high. However with a low rate of return, 

between item times were longer when participants had more time. 
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Figure 10. Experiment 2: Between-item times for interleave vs. time. Error bars are 
standard error of the mean.  

The next performance measure is error rate. On average error rate was lower in the 

five minute conditions (M= 1.14, SD= 1.30) than in the ten minute conditions (M= 

3.07, SD= 3.32), this main effect of time was significant, F(1,12) = 9.38, p=.001. 

Error rate was lower in the high rate of return conditions (M= 1.54, SD= 1.57) than 

in the low rate of return conditions (M= 2.68, SD= 3.39), furthermore this effect 

was significant, F(1,12) = 10.29, p=.04. Analysis shows that participants made 

significantly fewer errors when given less time and a significantly greater number 

of errors when the rate of return was low. Although error rate was slightly lower on 

average in the forced conditions (M= 2.07, SD= 1.72) than in the free conditions 

(M= 2.14, SD= 3.42), closer inspection (see figure 12) reveals an overall trend of a 

higher error rate as well as greater variance in the forced conditions except the free 

interleave; ten minute; low rate of return condition which produced a higher rate in 

the free conditions overall. This suggests that this condition is the worst in terms of 
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processing accuracy.  There was also an interaction of the interleave and rate of 

return conditions, F(1,12) = 5.01, p=<.05 which indicates that the difference in 

error rate in the time conditions was considerable, that is, when participants were 

given more time to complete the task they made more errors, and when given less 

time they made fewer errors. 

 

Figure 11. Experiment 2: Interaction of interleave and rate of return conditions. 
Error bars are standard error of the mean. 

 

Figure 12. Experiment 2:  Error rate across the eight main conditions (interleave, 
time and rate of return type). Error bars are standard error of the mean. 
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The final performance measure is switch cost. Figure 13 shows that the switch cost 

was smaller in the five minute conditions (M=9.57, SD=7.63) than in the ten minute 

conditions (M=16.25, SD=12.38), furthermore this effect was significant, F(1,12) 

=13.43, p=.003. Switch cost was greater in the low rate of return conditions 

(M=13.93, SD=9.09) than the high rate of return conditions (M=11.89, SD=12.25), 

as well as being greater in the forced (M=13.43 SD=9.37) than free conditions 

(M=12.39, SD=12.09).  Although these effects were not significant, the trends 

suggest that switch cost was greater when participants were given more time, when 

the rate of return was lower, and when participants were interrupted and forced to 

switch. Further investigation (see figure 14) reveals that all forced conditions 

produced a greater switch cost overall except in the free interleave; ten minute; low 

rate of return condition, which produced the highest switch costs overall, and with 

the greatest variance.  
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Figure 13. Experiment 2: Switch cost across the eight main condition. Error 
bars are standard error of the mean. 

 

Figure 14. Experiment 2: Switch costs across the eight conditions. Error bars are 
standard error of the mean. 

Task-switching measures 

As for performance, unless otherwise specified, a 2 factor (interleave condition: 
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forced; free) x 2 factor (time condition: ten; five minute) x 2 group (rate of return: 

high; low) mixed ANOVA was conducted. Task-switching measures were as 

follows: number of switches, longest between-item time, and giving-up time.  

In order to analyse number of switches a 2 factor (time: ten; five minute) x 2 group 

(rate of return: high; low) mixed ANOVA was conducted. Figure 15 shows a higher 

number of switches occurred in the five minute conditions (M=1.86, SD=1.96) than 

in the ten minute conditions (M=1.21, SD=0.80). In addition, there were a higher 

number of switches in the low rate of return conditions (M=1.93, SD=1.49) than in 

the high rate of return conditions (M=1.14, SD=1.46). However, neither effect was 

significant, F<1. 

 

Figure 15. Experiment 2: Number of switches made during the time and 
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rate of return type conditions. Error bars are standard error of the mean. 

In order to further investigate interleaving strategy it is necessary to compare 

longest-between item time and giving-up times. Figure 16 shows that giving-up 

times were reliably shorter (M=23.18, SD=38.14) than the longest between-item 

times (M=29.43, SD=20.10) across conditions. The effect of rate of return type was 

significant, F=(1, 12) =5.09, p<.05. In addition, there was a significant effect of 

time condition, F=(1, 12) = 7.13, p<.05 where times were shorter in the five minute 

conditions (M=17, SD=13.15) than in the ten minute conditions (M=35.61, 

SD=39.07).  Analysis shows that both longest between-item times and giving-up 

times were shorter when participants had less time, and were longer when the rate 

of return was lower. 

 

Figure 16. Experiment 2: Time (ten; five minute) and time type (longest-
between item time; giving-up time) during the free interleaving conditions 
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3.4.   Discussion 

Effects of time pressure and forced interleaving on task performance 

 

The results support the prediction that a short period of time in which to complete 

trials would result in an increase in performance efficiency. The increase in 

performance observed in experiment 2 provides support for existing research 

regarding improved efficiency in perceptual processing (Fox, 2008; Ratwani and 

Trafton, 2006).  It also provides support for existing literature regarding the 

performance effects of negative affect and arousal on attentional and perceptual 

processes outlined both in the literature review and the discussion for experiment 1.  

The prediction that forced interleaving activity would increase processing efficiency 

through external interruption is partially supported in terms of processing speed, and 

is consistent with findings from Ratwani et al (2006). However, forced interleaving 

also resulted in an increase in switch cost. The increase in switch cost could have 

been due to external interruptions, an increase in stress, arousal or negative affect, or 

a combination thereof. Furthermore, it seems plausible that switch costs were 

greater during the forced conditions because interruptions occurred outside sub goal 

boundaries (Adamczyk and Bailey, 2004; Li et al, 2008; McFarlane and Latorella, 

2002; Payne and Duggan, 2007); or before the rate of return had exceeded the 

giving-up threshold (Payne and Duggan, 2007). It is well established that task 

switching incurs switch costs (e.g., Altman and Trafton, 2002; Payne and Duggan, 

2007; Ophir et al, 2009) where task interruption results in an interruption lag as well 
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as a resumption lag (e.g., Altmann and Trafton, 2002). It is entirely plausible that 

recovery from external interruption was dependent on interruption position during 

this experiment.  

Forced interleaving also caused an increase in error rate in this experiment, which 

contradicts both the results of experiment 1, as well as Ratwani et al (2006), and 

instead, is in accordance with Adamczyk and Bailey (2004) and Speier et al (1999) 

who found that interruption increased error rate.  The increase in error rate could be 

explained by limited working memory capacity (e.g., Altmann and Trafton, 2002) 

caused by interruption and an incurred cost in terms of effort and time as well as 

effects of task complexity (Adamczyk and Bailey, 2004; Seo and Barrett, 2008; 

Speier et al, 1999), negative affect and arousal. These factors could have caused 

memory overload, resulting in a higher error rate. 

 

Effects of time pressure and rate of return on discretionary interleaving  

The prediction that Payne and Duggan’s three-parameter strategy for discretionary 

interleaving (2007) would be used was supported. Participants were indeed sensitive 

to the diminishing rate of return in this experiment and furthermore, the frequency 

of switches increased as the rate of return decreased. This suggests that participants 

tracked an estimate of the rate of return in order to decide when to switch with 

switching decisions occurring once the acceptable threshold was exceeded. 

The results also supported Payne and Duggan’s finding that longest between-item 
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times were reliably longer than giving-up times (2007). The presence of longest 

between-item times that were longer than giving-up times suggests that at times 

participants chose to switch on completion of a sub goal. A substantial minority of 

shorter giving-up times also suggests the use of a giving-up time heuristic.  Also in 

accordance with Payne and Duggan’s model giving-up times were significantly 

longer when the rate of reward was lower (i.e., in the harder task). 

Although participants did switch in this experiment they did not show a tendency to 

switch as frequently as Payne and Duggan (2007).  Furthermore, participants 

reported using a time-based heuristic as per Stephens and Krebs (1987) where 

participants aimed to spend half the total trial time on each task, either in sequence 

or by completing a paragraph or page in each, prior to switching. Of course the use 

of a time-based heuristic does not necessarily exclude the use of Payne and 

Duggan’s model. In fact, as switches never occurred exactly at the halfway point in 

trial time, it seems plausible that other heuristics were being used also. 

Less frequent switching could also be due to differences in the task environment as 

discussed for experiment 1. The tasks in this experiment were more complex in that 

they required a level of cognitive processing where the information was not present 

in the environment. Following the processing and comprehension of the text 

provided in the copy-editing task, participants were required to formulate correct 

responses internally, whereas Payne and Duggan’s environment provided all 

responses.  It seems plausible that the tasks in this experiment were more absorbing 

due to a higher level of cognitive processing; resulting in a reduction in attention to 

processes such as switching heuristics, and therefore fewer switching decisions.  



50  

CHAPTER 4. GENERAL DISCUSSION 

 

The results of these experiments demonstrated that time pressure, and to some 

extent interruption caused an increase in processing efficiency resulting in faster 

processing and fewer errors; although the combination of interruption and time 

pressure caused an increase in processing speed, interruption also caused a decrease 

in accuracy as well as an increase in switch cost. In addition these findings were 

extended to proof reading and copy editing tasks in a computer-based, word 

processing environment.  

The results supported Payne and Duggan’s three-parameter model for task switching 

decisions, and in addition extended their work, as well as that of Stephens and Krebs 

(1987) with the addition of a fourth, time-based heuristic. It seems plausible that a 

fixed time-based heuristic might operate at a conscious level, whereas Payne and 

Duggan’s model might operate at a subconscious level. In addition, the data from 

this experiment seems to fit Payne and Duggan’s model of an adaptive heuristic that 

aims to spend as much time as possible in the more rewarding task, and that has two 

independent bases for switch decisions comprising a threshold for giving-up time, as 

well as the possibility of switching on sub goal completion. 

 

4.1. Discretionary task interleaving strategy 

In terms of interleaving strategy both experiments provided support for Payne and 
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Duggan’s three-parameter model. Specifically, more frequent switching in 

experiment 2 (which presented a diminishing rate of return) than in experiment 1 

(which presented a continuous rate of return) suggests participants were indeed 

sensitive to a diminishing rate of return. Furthermore, participants switched most 

frequently when the rate of return was low. Participants also switched more 

frequently when given less time to complete the tasks. However participants did not 

switch as frequently as observed by existing research (Payne and Duggan, 2007; 

Czerwinski et al, 2004; Gonzalez and Mark, 2004). In experiment 2, 36% of 

participants switched three times or more whereas the remaining 64% switched just 

once (a very small minority did not switch at all). It seems possible therefore that a 

tendency toward frequent switching could be due to individual differences. Such a 

hypothesis is supported by existing research that has found an increased tendency 

toward distraction due to limited attentional or cognitive control (Derryberry and 

Reed, 2002; Eysenck et al, 2007; Ophir et al, 2009), which may result in frequent 

switching. However, less frequent switching could also be due to differences in the 

task environment as discussed in experiment 2. 

The results of these experiments supported the use of sub goal completion and 

giving-up time heuristics. Contrary to Payne and Duggan however, and instead in 

accordance with Stephens and Krebs (1987) participants reported using an 

additional time-based heuristic in experiment 2. It seems entirely plausible that 

different heuristics might be used for different types of task, for example depending 

on level of task complexity, the amount of cognitive processing required and 

working memory capacity. Indeed it seems entirely plausible that a conscious time-
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based heuristic could operate at a different level but nonetheless concurrently to 

subconscious heuristics such as those comprising Payne and Duggan’s three-

parameter model.  The choice of heuristic used could depend on working memory 

capacity at any given time, resorting to the use of automatic heuristics when 

capacity is limited. 

 

4.2. Information processing efficiency 

The results from both experiments support the prediction that processing 

performance efficiency would be increased by time pressure and interruption. More 

specifically it seems likely that the increase is in perceptual processing as found by 

existing research (Fox, 2008; Ratwani and Trafton, 2006). Furthermore it seems 

likely that the increase in perceptual processing is caused by an increase in stress 

(Ratwani and Trafton, 2006), or arousal (Ortony, Clore and Collins, 1988, Ratwani 

and Trafton, 2006; Russell and Barrett, 1998, Seo and Barrett, 2008), or negative 

affect (Brefczynski and DeYoe, 1999; Clore and Palmer, 2008; Eysenck et al, 2007; 

Gasper & Clore, 2002; Gohm and Clore, 2000; Schwarz and Clore, 2006; Staal, 

2004; Williams et al, 1988) or indeed a combination of these (e.g., Russell and 

Barrett, 1998, Seo and Barrett, 2008). 

However the results provide conflicting evidence regarding error rate. Time 

pressure and interruption resulted in decreased error rate in experiment 1, which 

supports research by Ratwani and Trafton (2006) that interruption caused a 

reduction in error due to an increase in stress or arousal. However, interruption 
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resulted in an increase in error as well as switch cost in experiment 2. The increase 

in error rate could be explained by limited working memory capacity (Altmann and 

Trafton, 2002) due to costs incurred by interruption, such as: increased effort and 

time as well as increased affect or arousal. It could also be due to limited attentional 

(Derryberry and Reed, 2002; Eysenck, 2007) or cognitive control (Ophir et al, 

2009), which may or may not involve affective influence such as anxiety 

(Derryberry and Reed, 2002; Eysenck et al, 2007). It seems plausible that increased 

error could be due to information overload in the interruption (forced interleaving) 

conditions and due to distraction caused by a lack of satisfaction or engagement 

during the free interleaving, ten minute, low rate of return condition. It is worth 

noting however that there were potential confounds in experiment 1, as well as a 

smaller sample size, which could explain the conflict seen here. 

Processing speed was consistently faster in the forced interleaving than in the free 

interleaving conditions, which suggests that overall performance should be better. 

However the number of items found in the forced interleaving conditions was only 

marginally higher than in the free interleaving conditions. It seems plausible 

therefore that interruptions resulted in faster perceptual processing due to stress and 

arousal as per Ratwani and Trafton (2006) but that the increase in switch cost as 

well as error rate had a negative effect on the number of items found. 

 

4.3. Limitations and future directions 

An obvious limitation of these experiments is the investigation of task difficulty 
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within separate trials as per Payne and Duggan (2007), where the task documents 

would have presented different gain functions and may have resulted in a greater 

tendency to switch between tasks. Small sample sizes are a potential limitation and 

although significant effects were obtained, a larger sample size would have 

produced more reliable effects. Indeed challenging Payne and Duggan’s findings 

from 70 participants with that of findings from a 16 participant experiment feels 

like a somewhat bold statement. 

Due to time constraints analysis of affective self-report data collected at the end of 

each experiment as per Seo and Barrett (2008) was not possible. The self-report 

data would have given further insight into the performance effects of affective 

information. In addition the collection of physiological and eye tracking data would 

have allowed further triangulation of data sources. Eye tracking data would also 

have provided further evidence as to whether the observed increase in processing 

was indeed due to a faster perceptual processing as per Ratwani and Trafton (2006). 

Finally, a model of optimal performance based on data collected during the forced 

interleaving conditions would allow further investigation of switching behaviour, as 

per Payne and Duggan (2007).  

 

4.4. Implications 

The results of these experiments provide support for the use of negative affect, 

stress or arousal to maintain a high level of performance where vigilance is 
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essential, such as safety critical situations. The results also show that the imposition 

of time pressure, such as deadlines, improves processing speed and accuracy (by 

reducing error rate) unless combined with external interruption in which case error 

rate and switch cost may increase. It is also important to acknowledge however that 

such levels of affect and arousal cannot be sustained for long periods of time (Fox, 

2008). 

As interruptions are inevitable in many environments individuals should be taught 

to counteract disruption caused by interruption by rehearsing task goals during the 

interruption lag. In addition cues should be used where possible both at the points 

of task interruption and resumption, to aid resumption efficiency. Software could be 

designed to facilitate the management of interruptions, time, workload or indeed 

attention (Adamczyk and Bailey, 2004). However the success of such software 

depends very much on existing research regarding the use of interruption lags to 

rehearse task information in order to aid resumption efficiency, as well as the use of 

cues at both task interruption and resumption.  The increase in error and switch cost 

during the short, forced interleaving trials in experiment 2 suggests that success 

may be in appropriateness of interruption position. It may even be possible to use 

eye movement and activity (as per Ratwani, McCurry and Trafton, 2008) to predict 

when an individual has reached an appropriate point for interruption, such as 

completion of a sub goal. 

 

If a tendency toward frequent switching concerns individual variability, the number 

of individuals demonstrating such a tendency is substantial. As such the use of 
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simpler interfaces with fewer windows would discourage multitasking tendencies. 

In addition, as suggested by Ophir et al (2009) a fundamentally different approach 

to information processing, whether the cause or the effect of multitasking activity, 

is significant for “the future of learning, persuasion and other media effects”. 

 

4.5. Conclusion 

There is an increasing societal trend toward multitasking and yet a body of research 

clearly shows that human cognition is designed to attend to a single stream of 

information alone, and that switching between tasks interrupts and disrupts that 

function. The results of these experiments provide evidence that interrupting a task 

does indeed incur a cost. In addition evidence is present that a tendency to switch 

between tasks may depend largely on individual differences, the task environment, 

or a combination of these factors. In any case, the regularity at which such activity 

has been observed gives cause for concern regarding overall cognitive approach and 

performance on common tasks as well as individuals’ learning ability. Evidence has 

also been presented here in support of time pressure, and interruption improving 

processing performance and reducing error. If this improvement is due to increased 

stress or arousal, it provides useful implications for situations requiring vigilance. 

However evidence is also present that the combination of time pressure and external 

interruption could be detrimental to performance in terms of switch cost and error 

rate, perhaps due to working memory capacity. The results of these experiments 

extend existing findings on the effects of time pressure, interruption and affective 
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state on processing efficiency, as well as sequential task switching strategy in a 

computer-based, word processing environment.  



58  

REFERENCES 
  
Altmann, E. M. and Trafton, G. J. (2002). Memory for goals: an activation-

based model. Cognitive Science, 26(1):39–83. 
 

Brefczynski, J. A. and DeYoe, E. A. (1999). A physiological correlate of the 
’spotlight’ of visual attention. Nat Neurosci, 2(4):370–374. 

 
Byrne, M. and Bovair, S. (1997). A working memory model of a common 

procedural error. Cognitive Science, 21(1):31–61. 
 
Czerwinski, M., Horvitz, E., and Wilhite, S. (2004). A diary study of task 

switching and interruptions. In CHI ’04: Proceedings of the SIGCHI 
conference on Human factors in computing systems, pages 175–182, New 
York, NY, USA. ACM. 

 
Clore, G. and Palmer, J. (2008). Affective guidance of intelligent agents: How 

emotion controls cognition. Cognitive Systems Research, 10(1):21–30. 
 
Derryberry, D. and Reed, M. A. (2002). Anxiety-related attentional biases and 

their regulation by attentional control. Journal of abnormal psychology, 
111(2):225–236. 

  
Eysenck, M. W., Derakshan, N., Santos, R., and Calvo, M. G. (2007). Anxiety 

and cognitive performance: attentional control theory. Emotion 
(Washington, D.C.), 7(2):336–353. 

 
Fox, E. (2008). Emotion Science: Cognitive and Neuroscientific Approaches to 

Understanding Human Emotions. Palgrave Macmillan. 
  
Gasper, K. and Clore, G. L. (2002). Attending to the big picture: Mood and 

global versus local processing of visual information. Psychological 
Science, 13(1):34–40. 

  
González, V. M. and Mark, G. (2004). "Constant, constant, multi-tasking 

craziness": managing multiple working spheres. In CHI ’04: Proceedings 
of the SIGCHI conference on Human factors in computing systems, pages 
113–120, New York, NY, USA. ACM. 

 
Gohm, C. L. and Clore, G. L. (2000). Individual differences in emotional 

experience: Mapping available scales to processes. Personality and Social 



59  

Psychology Bulletin, 26(6):679–697. 
 

 
Hudlicka, E. (2003). To feel or not to feel: the role of affect in human-computer 

interaction. Int. J. Hum.-Comput. Stud., 59(1-2):1–32. 
 
Lin, L. (2009). Breadth-biased versus focused cognitive control in media 

multitasking behaviors. Proceedings of the National Academy of Sciences, 
106(37):15521–15522. 

 
Li, S. Y. W., Blandford, A., Cairns, P., and Young, R. M. (2008). The effect of 

interruptions on postcompletion and other procedural errors: An account 
based on the activation-based memory model. Journal of Experimental 
Psychology: Applied, (14):314–328. 

 
Martin, L. and Clore, G., editors (2001). Affective feelings as feedback: Some 

cognitive consequences. In Theories of Mood and Cognition: A User’s 
Guidebook. Psychology Press. 

 
Matthews, G. and Campbell, S. E. (2010). Dynamic relationships between 

stress states and working memory. Cognition & Emotion, 24(2):357–373. 
 
O’Conaill, B. and Frohlich, D. Timespace in the workplace: Dealing with 

interruptions. Proceedings of CHI 95, ACM Press (1995), 262-263. 
 
Ophir, E., Nass, C., and Wagner, A. D. (2009). Cognitive control in media 

multitaskers. Proceedings of the National Academy of Sciences, 
106(37):15583–15587. 

 
Ortony, A., Clore, G. L., and Collins, A. (1988). The Cognitive Structure of 

Emotions. Cambridge University Press. 
 
Ortony, A., Norman, D.A., and Reveille (2005). Affect and proto-affect in 

effective functioning, chapter 7. Oxford University Press, New York, NY, 
USA. 

 
Pashler, H. (2000). Task switching and multitask performance. In Monsell, S., 

and Driver, J. (editors). Attention and Performance XVIII: Control of 
mental processes. Cambridge, MA: MIT Press 

 
Payne, S.J., Duggan, G.B., and Neth, H. (2007). Discretionary task 



60  

interleaving: Heuristics for time allocation in cognitive foraging. Journal 
of experimental psychology. General, 136(3):370–388. 

 
Preece, J., Sharp, H., and Rogers, Y. (2007). Interaction design: beyond 

human-computer interaction. John Wiley & Sons Ltd, second edition. 
 
Ratwani, R.M., Trafton, G., and Myers, C. (2006). Helpful or harmful?  

examining the effects of interruptions on task performance. Human 
Factors and Ergonomics Society Annual Meeting Proceedings, pages 372–
375. 

 
Ratwani, R. M., McCurry, J. M., and Trafton, J. G. (2008). Predicting 

postcompletion errors using eye movements. In CHI ’08: Proceeding of 
the twenty-sixth annual SIGCHI conference on Human factors in 
computing systems, pages 539–542, New York, NY, USA. ACM. 

 
Roberts D-F, Foehr U-G, Rideout V (2005) Generation M: Media in the lives of 

8-18 year-olds (HJKF Foundation, Menlo Park, CA). 
 
Russell, J.A. and Barrett, L.F. (1999). Core affect, prototypical emotional 

episodes, and other things called emotion: dissecting the elephant. Journal 
of personality and social psychology, 76(5):805–819. 

 
Schwartz. N., and Clore. G.L. (2006). Feelings and phenomenal experiences. In 

Social Psychology: Handbook of Basic Principles, pp. 385-407. The 
Guilford Press, illustrated edition. First edition (2007). 

 
Seo, M.-G.G. and Barrett, L. F.F. (2007). Being emotional during decision 

making-good or bad?  an empirical investigation. Academy of Management 
journal. Academy of Management, 50(4):923–940. 

 
Speier, C., Valacich, J. S., and Vessey, I. (1999). The influence of task 

interruption on individual decision making: An information overload 
perspective. Decision Sciences, 30(2):337–360. 

 
Sproull, L.S., The nature of managerial attention. Advances in Information 

Processing in Organizations, 1, (1984), 9-27. 
 
Staal, M. A. (2004). Stress, cognition, and human performance: A literature 

review and conceptual framework. Hanover, MD: National Aeronautics & 
Space Administration. 

Stephens, D. W. and Krebs, J. R. (1987). Foraging Theory. Princeton 



61  

University Press, 1 edition. 
 

Weiser, M. (1999). The computer for the 21st century. SIGMOBILE Mob. 
Comput. Commun. Rev., 3(3):3–11. 

 
Williams, J. M. G., Watts, F. N., MacLeod, C., and Mathews, A. (1988). 

Cognitive Psychology and Emotional Disorders, 1st Edition. Wiley, 1 
edition. 

 
Yeung, N., Nystrom, L. E., Aronson, J. A., and Cohen, J. D. (2006). Between-

task competition and cognitive control in task switching. J. Neurosci., 
26(5):1429–1438. 

 

 

 



62  

Appendix A: Sample participant instructions for experiment 1 
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Appendix B: Sample copyediting task content 

Supporting	  collabroation	  for	  chosing	  holidays	  

	  

Have	  you	  ever	  bean	  overloaded	  with	  infromation	  and	  choices	  when	  trying	  to	  by	  a	  
complex	  product	  such	  as	  a	  cell	  phone	  package,	  a	  home	  entertainment	  systematic	  
or	  the	  holiday	  of	  a	   lifttime?	  Imagine	  instead	  being	  able	  two	  walk	  into	  a	  store	  and	  
making	   your	   purchase	   in	   an	   efficient,	   informative	   and	   pleasurables	   way?	   The	  
purpse	   of	   the	   eSPACE	   project	  was	   to	   help	   agents	   and,	   customers	   develop	   tailor-‐
made	  products	  the	   in	  travel	   industry.	  An	   initial	   in-‐depth	  field	  study	  revealed	  how	  
agents	   find	  difficult	   to	  comunicate	  and	  share	   infrmation	  about	   the	  product	  while	  
customers	   find	   hard	   it	   to	   peace	   together	   all	   the	   different	   aspects	   of	   the	   holiday	  
experience.	  To	  overcome	  these	  problems	  we	  built	  an	  interactive	  collabrative	  travel	  
planner	   that	   made	   it	   easy	   and	   enjoyabel	   for	   both	   parties	   to	   relevant	   find	  
information	   and	   plan	   a	   product.	   The	   fully	   functioning	   system	   was	   entered	   into	  
trade	   shows	   across	   the	   world	   and	   a	   travel	   store	   recieving	   overwhelmingly	  
favourable	  responses	  from	  customers,	  and	  agents	  alike.	  

The	  eSPACE	  project	  ran	  for	  two	  years	  (2002-‐2004)	  and,	  was	  funded	  by	  the	  British	  
government	   as	   part	   of	   the	   ESRC/EPSRC	   PACCIT	   (People	   at	   the	   Centre	   of	  
Communication	   and	   Information	   Technologies)	   initiative.	   it	   was	   a	   colaboration	  
between	   computer	   scientists,	   cognitive	   scientists	   and	   hci	   researchers	   at	   Sussex	  
University	  and	  nottingham	  university	   	  and	  consultants	  at	  Bridge	  The	  World	  Travel	  
Company.	  The	  gaol	  of	  the	  project	  was	  to	  develope	  an	  interatcive	  planning	  system	  
to	  support	  effective	  two-‐party	  transactions.	  

Initial	  observations	  of	  existing	  two-‐party	  transactions	  showed	  that	  when	  building	  a	  
product,	  such	  as	  an	  round-‐the-‐world	  vocation	  package,	  many	  kinds	  of	  informations	  
are	  needed,	   in	  various	  forms	  and	  places	  (e.g.,	  online	  booking	  systems,	  broshures,	  
websties).	  However,	   it	  was	  also	  noted	   that	   the	   interaction	   is	  often	  dominated	  by	  
the	   agent,	   working	   on	   his/her	   desktop	   PC,	   with	   the	   customer	  marooned	   on	   the	  
other	   side	  of	   the	  desk,	   contributing,	   little	   to	  what	  gos	  on.	   Such	  an	  asymetry	  was	  
found	   too	   hinder	   progress	   and	   satisfaction	   with	   the	   transaction	   process.	   Both	  
parties	   also	   exprienced	   a	   degree	   of	   social	   awkwardness,	   sometimes	   feeling	  
uncomfortable	  asking	  for	  certain	  unkinds	  of	  information.	  


