Engineering, Technology & Applied Science Research

Vol. 10, No. 2, 2020, 5452-5458 5452

Human Interruption Management in Workplace
Environments: An Overview

Mohammed Alkahtani Mustufa Haider Abidi Ali Ahmad
Industrial Engineering Department Advanced Manufacturing Institute Louisiana Community and Technical
King Saud University King Saud University College
Riyadh, Saudi Arabia Riyadh, Saudi Arabia Baton Rouge, LA, USA
moalkahtani@ksu.edu.sa mabidi@ksu.edu.sa ali.ahmad.phd@gmail.com
Saber Darmoul Shatha Samman Mageed Ghaleb
Industrial Engineering Department Global Assessment Inc. Industrial Engineering Department
King Saud University Orlando King Saud University
Riyadh, Saudi Arabia USA Riyadh, Saudi Arabia
sdarmoul@ksu.edu.sa shatha.samman@gmail.com mghaleb@ksu.edu.sa

Abstract—Interruptions are unexpected breaks that introduce
new tasks on top of ongoing activities. In work environments,
interruptions occur when operators and decision-makers have to
deal simultaneously with several stimuli and information sources
and have to make decisions so as to maintain the flow of activities
at a satisfactory level of performance or quality of service. The
causes and effects of interruptions and their subsequent
management strategies in workplace environments have been
researched in the past, however, only a few review articles are
available to report on current advances in this area, to analyze
contributions, and to highlight open research directions. This
paper offers an up-to-date review and a framework for
interruptions and interruption management strategies. The
current approaches to identify, report, and manage interruptions
in a variety of workplace environments are reviewed and a
description of environmental characteristics that favor the
occurrence of interruptions and influence interruption
management in workplace environments is provided. Various
approaches to classify and model the different types of
interruptions and their cause-consequence relationships are
discussed and the strategies to manage interruptions and
approaches to measure human performance when dealing with
interruptions are analyzed. Based on these insights, several
guidelines to manage interruptions in workplace environments
are provided, and future research directions are highlighted.
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1. INTRODUCTION

A workplace environment consists of everything that forms
a part of an employee’s involvement with the work itself, such
as the relationships with co-workers and supervisors, working
equipment and devices, working tasks, etc. Workplace
environment can be any place including a home-office to a
large office building or factory [1]. In several workplace
environments, it is important to make sure that the trade
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remains competitive and prosperous [2]. Balancing between
staff collaboration in workplaces and the cost of interruption is
a hard question with which workplaces struggle [3]. This
problem is becoming even more critical where corporations are
evaluating means to escalate yield while mitigating in-house
costs [4]. In [5], interruptions were defined as breaks in action
that introduce new tasks, often unexpectedly and unplanned, on
top of an ongoing activity. Handling interruptions is a part of
interruption management, which has been defined as the
detection, interpretation, and integration of interruptions within
ongoing task performance [6]. Interruptions can have
substantial effects on job performance and employee welfare
[7]. The importance of reducing the negative consequences of
interruptions in any working environment makes interruption
management an  important consideration.  Although
interruptions and interruption management have stimulated a
lot of research in recent years, only a few studies address the
recent advances in this field. To the best of our knowledge, the
most recent review was conducted in 2010 [8], which focused
on interruptions and interruption management in healthcare
settings. The main findings reported were: interruptions happen
regularly in all healthcare sceneries, interruptions in healthcare
have only been explored from the perspective of the individual
being interrupted, and few studies inspected the cognitive
inferences of interruptions.

This article provides a review and a framework to analyze
literature on interruptions and interruption management
strategies in workplace environments. Common causes of
interruptions in workplace environments are discussed, and a
classification into two sections is suggested: interacting with
information and communication technologies and performing
office-related activities. The current approaches to identify,
report, and manage interruptions are studied. Then, a
description of environmental characteristics that favour the
occurrence of interruptions and influence interruption
management in workplace environments is provided. Finally,
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the article strategies to manage interruptions are described and
analyzed and a stage model of interruption management that
can be used when dealing with interruptions is proposed. The
article concludes by suggesting guidelines for interruption
management in workplace environments and highlighting
future research directions.

II.  WORKPLACE ENVIRONMENTS

The term workplace represents the physical location where
a human is working or employed. Author in [9] classified
workplaces according to personality types and occupations into
realistic type work environments, investigative type work
environments, artistic type work environments, social type
work environments, enterprise type work environments, and
conventional type work environments. A properly designed
workplace assists an organization’s tactical business plans,
permits staff to accomplish their work competently and
efficiently, symbolizes and exemplifies the ethics and beliefs of
the company, and is environmentally healthy [10]. Properly
designed workplaces possess the following features:
interference-free  work, collaborative and spontaneous
interaction, concentrated teamwork and meetings, personal
work style promotion, workstation personalization, customized
thermal control, access to sunshine, control of brightness, clear
way finding, adjacencies that support work flow, up gradation
with latest technology, ergonomic accommodation, and
expression of organizational culture [10]. Interruptions in a
workplace may have a negative impact on well-designed
workplace features. As a result, they can have a direct effect on
the efficiency, well-being and safety, comfort, attentiveness,
job satisfaction, and confidence of staff at the workplace.
Therefore, identifying factors that result in interruptions and
effective strategies to manage interruptions may reduce the
negative impacts of interruptions in workplace environments.
Typical workplace examples where interruptions occur are
banks [11] and construction sites [ 12] or hearlthcare [13-15].

III.  INTERRUPTION CAUSES IN WORKPLACE ENVIRONMENTS

Interruptions are an omnipresent part of work
environments. They are a result of the need to maintain the
flow of activities in the workplace, while handling with a
number of stimuli and data sources at the same time [16-19].
Interruptions can be broadly classified, according to their
cause, into external or internal interruptions [5, 20, 21]. The
classification can vary from a workplace environment to
another. For example, in air traffic control, communication
with the pilot might be considered as an external interruption,
while talking with a cabin crewmember entering the flight deck
might be considered as an internal interruption [22, 23]. In
general, external interruptions can be a result of alerts,
notifications or environmental cues. One type of internal
interruption, called self-interruptions, is related to decisions to
halt a current activity to attend an alternative task owed to
individual thought processes [24]. Intended breaks are not
considered as interruptions. Several factors may result in
interruptions in workplace environments, such as interacting
with information and communication technologies, which is
known as human computer interaction (HCI) [5, 20, 21], and
performing general office-related activities [25-27], and multi-
tasking. For a more detailed discussion regarding the causes of

interruptions in workplace environments and their effects on
human performance, refer to [28, 29].

A. Interacting with Information and Communication
Technologies

Interacting with  information and communication
technologies and communicating with monitoring and control
systems can result in interruptions in workplace environments
[5, 20, 21, 30]. In HCI, interruptions may enable performance
on straightforward tasks, while preventing performance on
difficult tasks [31]. Authors in [20] reported that workers may
shift tasks every three minutes as a result of interruptions [20].
After a survey of 1000 senior executives, authors in [32] stated
that unwanted interruptions comprise 28% of a worker's day.
Authors in [33] reported that undesired disruptions cause
workers to take up to 30% more time to finish the task and
commit up to two times the number of errors. Authors in [34,
35] studied self-imposed interruptions in computer-based tasks,
and found that it is common for people to use a number of
programs/applications simultaneously. Authors in [36] studied
email interruptions and their influence on people’s attention.
The results indicated that individuals choose tactics for
realizing a task according to the particular factors of the task or
objective. They suggested that email interruptions are
manageable when they do not deviate a person’s focus away
from a central task, and do not compel the receiver to deal with
the interruption. In addition, people use a wide range of
different tactics for dealing with email interruptions and those
strategies vary based on the circumstantial factors afforded by
the task or email. Authors in [37] evaluated the use of short
email messages in computer related tasks, and found that the
practice of one-line electronic mail messages decreases the
interruption time for both sender and receiver. Authors in [38]
found that the customized settings for the notification method
of incoming electronic messages, in many email clients, may
result in some reduction of the computer-based interruptions.
Authors in [18] investigated the use and impact of instant
messaging (IM) tools in the workplace. The authors proposed
that while the use of IM may result in interruptions, it can lead
to enhanced communication quality and the development of a
sense of trust among coworkers. Authors in [39] reported that
interruptions result into a decrease in quality of work during
difficult and creative writing tasks. Authors in [19] conducted
experiments to evaluate the influence of IM interruptions on
knowledge worker task performance. Task performance was
determined using two factors, task accurateness and task
completion time. The designed tasks were classified as
symbolic (manipulation of distinct sets of symbols) and spatial
(creating connections between sets of symbols). Their results
showed that instant massaging interruptions have no effect on
task accuracy, but have a significant effect on task completion
time. Authors in [40] reported that a ringing phone’s
interruption at an inconvenient instant can be very disrupting to
the present task or social condition. Authors in [41] conducted
a study on cell phone usage. The investigation of 1201
incoming calls showed that most of the time “who” is calling
was used (87.4%) by persons to make cautious call handling
decisions (N=834), contrary to the interrupter’s existing local
social (34.9%) or cognitive (43%) circumstances.
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B. Performing Olffice-Related Activities

Office-related activities are day-to-day tasks related to
planning and scheduling, distribution and logistics, personnel,
financial, record keeping and billing, and many other activities
within a company. Interruptions can occur during the
performance of these activities as a result of insufficient
employee education (or unawareness) about interruptions and
their consequences [42], noises from conversations and other
offices [25-27, 38, 43], high traffic areas [44], and disturbance
by visitors for staff working either on high cognitive load
activities or on tasks with tight timelines [42, 43]. Authors in
[42] reported that in any company, interruptions may occur as a
result of insufficient employees’ education regarding this
matter. Thus, educating employees about may assist in
decreasing their influence. The authors also reported that
teaching staff about the adverse effects of interruptions results
into a decline in interruptions by 30%. They also reported that
interruptions could occur as a result of disturbance by visitors.
Thus, the authors suggested the use of “Do not Disturb” (or
similar) signs in time and focus demanding workplaces. The
authors’ suggestion had substantial improvements in user’s
performance and contentment. Authors in [43] studied the
preferences of staff working on critical and tight timelines, and
recommended assignment of independent working space for
employees working on jobs with strict deadlines. Some studies
addressed noise as a widespread cause of interruptions in
workplace environments [25-27, 38, 43]. Several strategies
have been reported to decrease the influence of such
interruptions. For example authors in [43] suggested the use of
alternative sounds such as ambient background office music
that could counterbalance chatty noises and control the
distractions in the office. Authors in [38] reported that the use
of ear buds/headphones undoubtedly restricts the different
conversations and other office noises [38]. Authors in [25-27]
suggested that office organization might be needed in case it is
feasible to define loud and silent zones. Moreover, the degree
of noise within these zones should be known. Thus it will
provide a reason to move staff members so that the noise is
more uniformly dispersed through the workplace.

In many workplace environments, high traffic areas may
exist and can cause interruptions. Isolating these areas can
reduce the impact of disruptions in the workplace [44]. Authors
in [17] examined the consequences of interruption frequency,
task intricacy, and individual characteristics on mental load and
consequently decision-making performance on monetary tasks.
The outcomes showed that task complexity and interruption
frequency have significant influence on performance. Authors
in [38] identified different kinds of interruptions for workplace
related tasks, explored the circumstantial features near these
interruptions, and identified methods that could be used to
mitigate the adverse effects of interruptions. They found that
most of the time interruptions occur mainly from colleagues.
Disruptions are a noteworthy problem in the workplace, and
most of the interruptions at all stages were associated with on-
task business activities. Authors in [45] investigated the idea of
users deferring interruptions at points of higher workload until
times of lower workload. Their study showed that during
periods of lower workload, users swapped to the interrupting
task 94% of the time.

IV. INTERRUPTION MANAGEMENT STRATEGIES

Interruptions stand as an important research area. With the
advances in information and communication technologies, the
amount of interruptions on day-to-day basis is also rising [38].
Interruptions are a ubiquitous component of the workplace, and
have the capability to be perilous, particularly in cognitively
intensive knowledge workplace environments [46]. If they are
not handled in an effective and efficient way, they can lead to
health, safety, and performance problems [47]. Figure 1
presents a cause and effect diagram that illustrates why
interruptions take place in workplace environments.

Causes Effect

Interacting with Information and
Communication Technologies

Phone Ringing

Instant Messaging

Emails Messages

Interruptions

Lack of Awareness

Noises
High Traffic Areas

Disturbance
Performing office
Related Activities

Fig. 1. A cause and effect diagram of interruptions in workplace
environments

Interruptions can be controlled in several manners,
including denial, postponement, and prompt partial processing
[48]. Handling interruptions is a part of interruption
management, which has been defined by as the detection,
interpretation, and integration of interruptions within ongoing
task performance [6]. The importance of having an
environment with minimum interruptions effect is what makes
interruption management an important issue in human
multitasking environments. A task-independent Interruption
Management System (IMS) was developed with an objective to
interrupt users at low-workload moments in order to minimize
the disruptiveness of interruptions [49]. In Interruption-Failure
Modes and Effects Analysis (I-FMEA) [50], the interruption-
related failure modes are assessed in terms of risk, worker
efficiency, and patient satisfaction. This strategy helps identify
interruptions that may be delayed (i.e. reflecting relatively low
risk, average effect on patient satisfaction, and average
additional work). Several strategies for managing interruptions
can be found in the literature. For example, authors in [6]
proposed a 4-stage model for interruption management:
interruption detection, interruption interpretation, interruption
integration, and dismiss with in-hand task performance.
Authors in [51] identified four strategies for handling
interruptions: (a) before starting the interruptive task complete
in-hand task, (b) postpone the interruptive task so as to finish
the main task (i.e. asking a caller to wait on hold), (c) recognize
the matter of the interruptive task and then finish the main task
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before finalizing the interruptive task, and (d) process the
interruptive task instantly, quitting the in-hand task that will be
accomplished later [51]. Author in [52] proposed four different
strategies for managing interruptions: (a) instantaneous, (b)
planned, (c) negotiated, and (d) facilitated. Authors in [46]

addressed a set of stages to handle an interruption: identifying
the interruption, understanding what the interruption contains,
assimilating the interruption into the present work task and then
continuing with the in-hand task. Figure 2 depicts the proposed
stage model for interruption management, modified from [46].

Interruption Management Strategies (IMS)

Primary Stage: l
-
| Immediate indicates that participants P Delay indicated that they waited to |
'
| reacted immediately to the | 1 address the annunciation stimuli after !
'
! annunciation stimuli. Lo they became aware of it. !
lmmmmmm- grommmmmmmme - N S g--mmm=mmm=- i
The person becomes aware of the interruption (e.g. telephone
ringing, flashing IM pop-up) and receives the contents and
requirements of the interruption.
Secondary Stage:
A,
When the person decides how to deal with or integrate the
interruptive task into their work after he becomes aware of its
contents and requirements.
)
¥ [] L] ]
| Immediate I I Defers I I Negotiates I I Multi-tasking l
S Y S — S
| Completed the | | Continued to work : i After becoming aware of i E After becoming aware i
| requirements of the | | ontheir primary . the contents and i1 oftnecontentsand |
[ interruption : ' task after they | i requirements of the H requirements of the |
' immediately after : | became awareof | i interruption, negotiates H interruption, completes !
'
: becoming aware of : 1+ the contents and : : with the interrupter to find : : both primary task and :
'
| itscontentsand | I requirements of the | | abetter time to complete | i interruptive task !
| requirements. 1| i interruption. ! | the interruption. || simultaneously. |
------------------------------ L e
Fig. 2. Proposed stage model of interruption management strategy, modified from [46]

To manage an interruption, first there is a need to identify
the aspects that make interruption an encumbrance. Next, an
interruption management strategy can be applied [53]. The
challenge in handling an interruption is in how to manage it in
order to cause minimal harm and at the utmost advantage. The
tactic must not be more disrupting than the interruption itself
[54]. Table I provides a summary of literature findings
pertaining to interruption management strategies that can be
used as a theoretical foundation for human interruption
management in workplace environments.

V. DISCUSSION, CONCLUSIONS AND FUTURE WORK

This paper provides a systematic review of human
interruption management in workplace environments. The
review concentrates on the interruption causes in workplace
environments and on the strategies to handle and manage those
interruptions. It starts by defining workplace environments, and
introduces features of a well-designed workplace environment,
and how interruptions might impact these features.

Interruptions are defined in the context of workplace
environments, and interruption causes are discussed. The
causes of interruptions are classified into two broad sections
namely: interacting with information and communication
technologies (known as HCI), and performing office-related
activities. In HCI there are several causes of interruptions such
as phone ringing, emails, and instant messaging. In office-
related activities, there are several causes like lack of
awareness, and noises from conversations and other offices,
disturbances by visitors, and by high traffic areas.

Recovering from interruptions takes longer than one can
think. Some interruptions may look insignificant in nature,
however they have long term impact and cause delays and
reduce productivity. Workplace interruptions are an
inescapable problem that results into compromised efficiency,
productivity, and accuracy [57]. An experimental study [58]
was conducted with a hypothesis that people’s productivity
decreases when interrupted compared to when they have not
been interrupted. The results showed that the interruptions
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reduce productivity and increase the probability of errors.
Some studies showed that interruptions increase stress levels
[59-61]. Authors in [62] analyzed the effect of interruptions on
task performance, annoyance, and anxiety. The results revealed
that interruptions have disrupting effects on both emotional

state and productivity. However, some studies showed that
interruptions have benefits sometimes, such as walking in
nature for some time reduce stress and increases creativity, etc.
[63-65].

TABLE L SUMMARY OF LITERATURE FINDINGS IN INTERRUPTIONS MANAGEMENT
Expected interruptions Proposed procedures Suggestions and clarifications Source
Customize settings Various email clients have personalized settings for the reporting of inward email [38]
Emails and email messages [NCSSAGES.
Keep them short and Encourage the use of short messages. The practice of one-line email messages decreases the [37]
pretty interruption time for both sender and receiver.
Instant messaging Only if necessary Intasks of little or modest mental lf)ad with numerous natural breakpoints, instant [25, 55, 56]
messaging can be allowed.
Self-imposed interruptions Betterplrfi‘r\:l/;)rr)lfltr;fkon the Switching though occupied by the goal of the main task could be better. [25, 26, 35]
High traffic areas Be aware of their impact Isolating high traffic areas to reduce the impact of disruptions. [44]
Ear buds/headphones The use of ear buds/headphones definitely restricts noise disturbances. [38]
. The use of ambient background workplace music may balance the conversational noise and
Background music : . [43]
. . control the disturbances in the workplace.
Noises from conversations - - - -
Mounting various sound measurement devices all over the office would be achievable to
and other offices L p S . . . N .
Office organization and specify if loud and silent regions exist and their noise level. The outcomes may divulge [25-27]
restructuring substantial differences between places and offer explanation in rearranging staff so that the .
noise is more uniformly dispersed all through the workplace.
Place “Do not Disturb” (or similar) signboards in the workplace of developers/programmers
Disturbance by visitors “Back in 10 minutes” working on high cognitive load tasks. The use of these signs has substantial improvements [42]
in user performance and satisfaction.
Interruptions during tasks . . . . T
with tight timelines Quiet working rooms Allocate independent offices for employees working on strict timelines. [42, 43]
Interruptions caused by Educate staff Educating staff about the amount of interruptions that are taking place at all stages of the [42]
unawareness company.

This paper describes the current approaches and strategies to
identify, report, and manage interruptions. Based on these
strategies, the paper proposes a stage model of interruption
management that can be considered as a summary of the
analyzed strategies to manage interruptions. Finally, a
summary of literature findings pertaining to interruption
management strategies was provided. The summarized
strategies can be used as a theoretical foundation for human
interruption management in workplace environments. Future
research includes the empirical evaluations of the proposed
strategies. Comparison studies should be conducted to
determine the most suitable strategy to use for a certain
environment. Moreover, such studies might be applied to
different workplace environments, with the intention of
assessing the efficacy of the suggested strategies.
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