
 

Resumption Lag at Interruptible Timing 
might not be short in Actual 
Environment 

 
 

Abstract 
Experiments performed in controlled environments 
have revealed that interruptions occurring at 
application switching (AS), which correspond to task 
breakpoints in the computer field, are more 
subjectively acceptable and require shorter resumption 
lags (RL), which indicate the cognitive cost. Therefore, 
in this study, we investigate RLs in uncontrolled office 
environment. The interruptions at more acceptable ASs 
were expected to show shorter RLs, because the 
cognitive costs of the interruption are less. However, 
contrary to the expected result, the RLs were longer. 
This implies that factors other than cognitive cost may 
affect interruptibility in a realistic environment. 
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Introduction 
With the increasing popularity of the Internet and 
information systems, online communication and data 
access have become more important to our daily lives. 
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Meanwhile, the possibility of users getting interrupted 
while using information systems has also been 
increasing. However, the timing or frequency of 
interruptions by information systems has not been 
controlled, and frequent interruptions that do not 
reflect the user status can fragment the user’s work 
time and reduce intellectual productivity [6].  

Studies on humans multitasking suggest that switching 
between tasks requires the suspension and resumption 
of memory processes associated with the suspended 
task, and thus causes a “resumption lag (RL)” [1,9]. It 
has also been reported that the RL increases when the 
amount of information required for switching tasks 
becomes large. Thus, previous studies have used the 
RL to evaluate the cognitive cost caused by task 
switching and interruptions [6,8]. On the other hand, 
the amount of information passing via the user’s 
intentional task breakpoints decreases because the 
preceding task has already been suspended. It has 
been shown experimentally that the RL for interruptions, 
which are made at task breakpoints, are significantly 
shorter than those for interruptions during continuous 
work [10]. Thus, the breakpoints have the possibility to 
cause timing interruptions with less cognitive impact.  

The effects of task breakpoints have been investigated 
based on prior task-structure analyses [4]. Other 
studies focused on application switching (AS) as the 
task breakpoint during PC work [2,3]. Because AS is a 
type of self-interruption [5], the suspension and 
resumption of working memories can be smoothly 
achieved. Therefore, the cognitive cost of interruptions 
at AS is expected to be less compared with 

interruptions occurring when not application switching 
(NAS). Moreover, the interruptions occurring at AS are 
more acceptable [11].  

The previous studies on the cognitive costs were 
performed under controlled conditions in terms of tasks 
and instructions. However, the conditions of actual 
tasks and subjects may vary in real office environments. 
In this study, to validate the phenomenon suggested by 
the previous studies, we analyzed the cognitive costs of 
interruptions based on the RL in an uncontrolled 
environment. The results supported the expected 
relationship between task phase and cognitive cost. 
However, the results also suggested that the RLs for 
acceptable interruptions are longer than those for 
unacceptable interruptions, which is contrary to the 
expected result. 

Experiment: Collecting Operation Records 
In this study, we developed and installed a software-
based experimental tool on the PC of a subject. Figure 
1 illustrates the experimental tool’s process. This tool 
records the subject’s PC operations every 500 ms. The 
tool presents a dialog window that interrupts the 
subject on the basis of interruption rules. The 
interrupted subject evaluates his or her interruptibility, 
which represents the extent to which the user can be 
interrupted at the timing, and inputs the evaluation into 
the dialog window. 

The recorded operations are keystrokes, mouse clicks, 
mouse wheel usage, active window name (.exe name), 
process ID, window message (quit and clipboard), and 
the number of open windows.  

Figure 1.Experimental logging system. 
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The tool’s interruption rule is as follows: Interruptions 
are made at both AS and NAS. Interruptions at NAS are 
made when the subject has used one application 
continuously for more than 5 min. Once the subject has 
been interrupted, the subject is not interrupted again 
for 10–15 min. 

When the subject is interrupted, he or she subjectively 
evaluates the interruptibility on a 5-point scale, from 
“1: the user was absolutely uninterruptible” to “5: the 
user was absolutely interruptible.” We instructed the 
subjects to imagine the interruption as a requirement 
for a 5-min conversation, and to evaluate the 
interruption timing without any reference to the 
frequency of the evaluation.  

Sixteen office workers (including R&D engineers, 
clerical staff, and managers) participated in the 
experiment in an office environment. We collected the 
operation records from each subject for at least 7 h per 
day. Each subject participated in the experiment for 14 
days. We recorded more than 930 h of data in the 
office environment. We did not restrict the type of task 
that could be performed by the subject. Furthermore, 
we did not give subjects any instructions about the 
timing and frequency of AS, or the resumption of tasks. 
The subjects did their usual daily work such as entering 
data, programming, and writing reports or papers. 

Summary of collected data 
Table 1 summarizes the frequencies of each 
interruptibility score for AS and NAS, and their 
averages. Welch’s t-test suggests that interruptions at 
AS are more acceptable than those occurring during 
NAS [t(790) = 1.72, p < 0.1]. The same tendency as in 
the previous experiments was confirmed [11]. However, 

the interruptibility scores for AS varied widely from 1 to 
5, which indicates the differences between the ASs 
regarding cognitive cost. 

Analysis 
In this study, we approximated the transitions 
occurring between active applications as the switching 
that takes place between tasks.  

Resumption lag in previous studies 
Previous studies have used the RL as an index for 
cognitive cost caused by interruptions. RL is defined 
and calculated as the time between the timing of the 
task switch from the interrupted task to the other 
window and the onset of the operations related to the 
switched task [12]. In previous studies, the observed 
RLs were mainly 3–8 s. These experiments were 
performed with predetermined tasks within a limited 
duration. Subjects were instructed to perform a second 
task as soon after the task switching as possible. In 
other words, the experiments were designed to remove 
or control any factors that affect the RL, such as 
motivation. Thus, the RL is regarded as an index for the 
cognitive cost caused by interruptions. In contrast, we 
calculated RLs from the data collected in uncontrolled 
environments. Thus, the calculated RLs may be affected 
by factors other than the cognitive cost. 

 

Subjective Interruptibility 

Total 

Avg. 

Interru
ptibility 

Low Mid High 

1 2 3 4 5 

AS 104 64 80 100 111 459 3.1 

NAS 114 46 58 74 86 378 2.9 

Table 1. Subjective interruptibility scores during AS vs. NAS. 
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Definition of resumption lag in actual environment 
We defined the calculated RL for the uncontrolled 
environment as “the resumption lag in actual 
environment (RLa),” to distinguish from the RL in 
previous studies. We assumed that the working 
memory resumption begins at the task switches from 
the interruptibility evaluation dialog to another window. 
The end of the resumption process was defined as the 
observation of the first PC operation, which is similar to 
previous studies. To exclude the PC operation for task 
switching, the PC operations at the switching were 
ignored. 

RLa = {time of first PC operation} 

í {time of task switching from evaluation dialog} 

Results 
Task phase and RL 
According to previous studies, the RLs for interruptions 
at AS are expected to be shorter compared with the 
RLs during NAS. Therefore, we compared the RLas for 
both AS and NAS.  

Figure 2 shows the RLas at uninterrupted AS (no 
interruptions occurred at AS), interrupted AS, and 
interrupted NAS. The number of uninterrupted ASs was 
13,475. The average RLa of uninterrupted AS was 3.6 
s; that of interrupted AS was 3.8 s; and that of 
interrupted NAS was 4.6 s. We applied the one-way 
analysis of variances and Bonferroni’s multiple 
comparisons to the RLas. The results demonstrate that 
the RLa of an interrupted AS was longer than that of 
the uninterrupted AS (p<0.1), and the RLa of the 
interrupted NAS was significantly longer than that of 
the interrupted AS (p<0.01). Thus, we confirmed that 

the interruptions increase the cognitive cost, and the 
cognitive cost during AS is smaller than the cost during 
NAS in an uncontrolled environment. 

As already shown in Table 1, in terms of cognitive cost, 
there are some variations to AS. In general, the 
amount of information transmitted is presumed to be 
small at task switching. The cognitive cost will decrease 
if less information is transmitted through the task 
switch. On the other hand, Jin and Dabbish [5] 
suggested that the AS, which is a self-interruption, 
occurs for several reasons. Iqbal and Bailey [4] 
revealed that task phase affects the cognitive cost. To 
examine the effects of task phases, we categorized the 
ASs into three groups, i.e., “beginning of task,” 
“continuation of task,” and “ending of task,” on the 
basis of the increase or decrease in the number of 
opened windows after AS.   

Figure 3 summarizes the RLa of the interrupted AS and 
uninterrupted AS for each task phase. The two-way 
analysis of variances and Bonferroni’s multiple 
comparisons demonstrated that the interruption at the 
beginning of the task significantly increased the RLa 
(p<0.05). In contrast, the RLa at the ending and during 
the continuation of the task was not affected by 
interruptions. Therefore, we confirmed that the task 
phases affect the cognitive cost in an uncontrolled 
environment.  

Interruptibility and RL 
As mentioned in previous studies, the cognitive cost 
was expected to affect the subjective interruptibility 
during work. Thus, we analyzed the relationship 
between the interruptibility and RLa. Furthermore, to 
compare this assumption using another data set, we 

Figure 2. RLa of uninterrupted AS, 
interrupted AS, and interrupted NAS. 

Figure 3.RLa of interrupted and uninterrupted 
AS at the beginning, continuation, and ending 
of task. 
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collected another 50 h of data from 11 university 
students in a laboratory environment and analyzed the 
data set. 

Figure 4 presents the results obtained by comparing 
the interruptibility score and RLa. In both data sets, the 
RLa at score 1 was shortest and the higher interruptible 
score also showed longer RLa. In the office data set, 
the average of RLa at score 1 was 3.8 s. On the other 
hand, the average of RLa at score 4 was 4.5 s, and that 
at score 5 was 4.3 s. The RLa increased gradually 
according to the interruptibility. In the laboratory data 
set, the average of RLa at score 1 was 3.5 s, which was 
almost within the same range as that of office workers 
at score 1. However, the RLa at interruptible state, 
which includes score 4 and 5, were increased drastically 
compared with that of office workers.  

We analyzed the RLa for both sets of data using one-
way analysis of variances and Bonferroni’s multiple 
comparisons. As shown in Figure 4, some significant 
differences were observed. The RLa length in the 
uninterruptible state was within the same range of the 
RL reported by previous studies [8,10]. However, the 
result suggested that RLa in interruptible state of the 
user tends to be longer than the RLa in uninterruptible 
state.  

Discussion 
The analysis results demonstrated that the 
interruptions increased the RLa, and that the RLa of AS 
is significantly shorter than that of NAS. This suggested 
that the cognitive cost in uncontrolled environments is 
affected by interruptions which similar to that in 
previous studies. Furthermore, our analysis of the 
relationship between task phases and RLa reveals that 

interruptions at the end of a task hardly affected the 
RLa. As suggested in previous studies [4], at the end of 
the task, the amount of information transmitted after 
AS is presumed to be small. Thus, interruptions at the 
end of task do not increase the cognitive cost. From 
this result we infer that the task phase affects the 
cognitive cost in an uncontrolled environment. 

According to the previous studies, the cognitive cost 
caused by interruptions decreases the worker’s 
subjective interruptibility. In other words, a higher 
cognitive cost is expected to result in a longer RL and 
less interruptibility. However, the RLas for acceptable 
interruptions were longer, contrary to expectations in 
an uncontrolled environment. As seen in Figure 2, the 
increase of the cognitive cost caused by interruptions is 
obvious; thus, this suggests that subjective 
interruptibility in a realistic environment is more greatly 
affected by factors other than cognitive cost.  

Mark et al., [7] reported that interruptions did not 
affect the time and quality of performed tasks, because 
subjects made an effort to recover the loss caused by 
interruptions. As one possible speculation from this 
result, the subject’s attitude toward the work, such as 
motivation and concentration, decreases the RLa at low 
interruptible states. The length of the RLa at a low 
interruptible state is considered to be caused by 
realization of the potential of the subject who was 
highly motivated toward work. Otherwise, the subject 
made no attempt to resume the work immediately. In 
such states, interruptions are easily accepted. The 
differences in environments and in job awareness 
between students and employed workers may 
represent the difference in the RLa between the two 
data sets.  

Figure 4. Relationship between 
interruptibility and RLa in (a) Office data 
set and (b) Laboratory data set 
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At this time, other factors remain unpredictable; 
therefore, the worker’s attitude is being speculated. 
These results suggest that, in addition to the cognitive 
cost, other user states or behaviors need to be 
recognized to accurately estimate interruptibility. 

Limitations 
The RLa was calculated in an uncontrolled environment. 
Thus, the RLa may be affected by factors other than 
the cognitive cost. The RLa is not strictly the same as 
RL, and the interrupted task in this study was not 
memory-intensive, which may decrease the effective 
size. The analysis of other factors that affect the 
interruptibility is within the scope of future work. 

Conclusions 
In this study, we analyzed the RL in an actual 
environment. The results supported the expectation 
that task phase affects cognitive cost; the RL at AS was 
shorter than at NAS, and the RL at the beginning of the 
task is longer. However, interruptions at more 
acceptable ASs were longer, contrary to the expected 
result. This implied that factors other than the cognitive 
cost more strongly affected the interruptibility in a 
realistic environment. 
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