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Abstract: Each industrial automation project includes tasks
that strongly depend on human factors, many of which may
belong to the critical path or chain of the project. Multitask-
ing significantly affects human productivity. The reduction in
productivity has a direct result of delaying the primary task,
which may cause an overall delay to the project with cost and
time overruns. A projectshould be seen with respect toa global
environment, such as that of a company, where resources are
shared among its portfolio of projects. Although multitask-
ing might have negative results, it is something that cannot
be eliminated but can be mitigated by project managers.
This article presents the effects of multitasking on human
productivity, especially when the tasks are complex, like
programmable logic controller (PLC)/supervisory control
and data acquisition (SCADA) software development. Using
the analytical hierarchy process (AHP) method, a simple
tool is created to be used by project managers, in order
to assist them in decision-making. Criteria that influence
these decisions are referenced, and their priority vectors
are proposed. In addition, some real examples are given.
Project managers face a complex situation when they are
asked to decide on the allocation of resources and priori-
ties among different projects. Parameters that are difficult
to predict in real situations may have a significant role in
the decision-making process.

There are a lot of published works based on AHP appli-
cations in different fields, but there is a gap in the field
of industrial automation projects and the related project
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manager’s decision-making. This study focuses on
these decision-making processes that determine which
tasks should be paused or not for a better allocation of
resources, taking into account the global environment
of a technical company. The tool can be implemented
with changing criteria and priority vectors to adapt
to different types of projects. Future research could
identify additional criteria and subcriteria with dif-
ferent priority vectors, depending on different project
specifications.

This article is the extended version (Part II) of CCC 2017
Procedia Engineering papetr.

Keywords: multitasking, task switching, industrial
automation projects, project performance, project manag-
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1 Introduction

Nowadays, the practice of multitasking is considered
by many as a title of honor. Many studies have largely
investigated the multitasking effects on human produc-
tivity, and conclusions are mostly negative (Adler and
Benbunan-Fich 2012; Buser and Peter 2012). One of the
areas directly affected by the impact of multitasking on
human productivity is the software development area
(Czerwinski et al. 2004; Gonzalez et al. 2005). An impor-
tant part of industrial automation projects is related to
software development, so multitasking is a key factor
that can decisively impact the duration and cost of these
projects.

Given that the daily stimuli in human beings are
many, multitasking is very difficult to be avoided. The
aims of this study are not only to minimize the multitask-
ing to mitigate the impacts on the duration and cost of
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projects but also to serve the broader needs of a portfolio
of projects within a technical company.

The decisions required to obtain from the project
manager are often very difficult and influence greatly
the performance of the project. The project manager is
often called upon to decide whether or not to interrupt
the critical operations of a project, in order to accom-
modate other requirements of the company. This article
focuses on decision-making by project managers using
the theory of multiple criteria decision-making (MCDM)
and specifically the analytical hierarchy process (AHP)
method. About 150 works have been published based
on AHP, including applications in different fields such
as planning, selecting a best alternative, resource allo-
cation, resolving conflict and optimization (Vaidya and
Kumar 2006).

Through the AHP method, a simple and user friendly
tool is developed that can be useful in taking crucial deci-
sions during an industrial automation project. Criteria
that influence these decisions are referenced, and their
priority vectors are given, in accordance with relevant
experience in managing such projects. Finally, some real
examples are given.

Future research could identify additional criteria with
different priority vectors depending on the project speci-
fications.

2 Multitasking

The term multitasking first appeared in 1965 in the IBM
publication, which described the potential of the IBM
System/360 (Witt and Lambert, 1965). In computer
science, multitasking is a concept of performing multi-
ple tasks over a certain period of time by executing them
concurrently. The first CPU processors manufactured with
one core, which was responsible for all of the software
processing and its interface with the hardware. In fact,
the core of the CPU processor cannot perform more than
one task simultaneously but alternates the task execution.
The speed with which the execution of the works is alter-
nated is so fast that it gives the impression that the work is
carried out simultaneously.

The multitasking cost of the CPU is the extra time
required for saving and restoring the state of intermit-
tent operations. This cost is called “context switching
cost” and varies depending on the workload at differ-
ent accesses to the memory and different architectures
(Li et al. 2007).
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2.1 Human multitasking

The concept of human multitasking began with the devel-
opment of computer science. Human multitasking is the
practice of performing many tasks in parallel by people,
as do the CPU processors. Some examples of human mul-
titasking are driving and simultaneously speaking on the
mobile phone, answering an e-mail during a meeting and
reading a magazine during cooking. According to Kenyon
and Lyons (2007), human multitasking is the ability of
execution or a combination of two or more tasks simulta-
neously or in parallel.

Nowadays there is a myth, especially in the business
world, which says that human multitasking increases
the productivity and effectiveness of people. In addition,
technology Colossus is trying to propagate the world
the ideal image of the superman who deals with many
things simultaneously and effectively (smart phones
applications, SMS, social media, online news, Internet
research, etc.).

Everyone in daily life executes two or more parallel
operations to gain some time. Unfortunately, it is impossi-
ble to focus simultaneously on all jobs. It has been scien-
tifically proven that only 2.5% of people can do effective
multitasking (Watson and Strayer 2010). A vast majority of
people cannot respond to that. In fact, when a man thinks
that he is multitasking, what actually he does is he succes-
sively switches the execution of two or more operations.
Obviously, the cost in time is greater than the correspond-
ing time cost of the CPU core.

2.2 Impacts of human multitasking

The scientific community has extensively dealt with human
multitasking and its impacts on human performance. Spe-
cifically, multitasking reduces human productivity (Adler
and Benbunan-Fich 2012; Buser and Peter 2012). Accord-
ing to the American Psychology Association (APA), the
alternations between tasks may reduce productivity up
to 40%, and the more complex the task, the greater the
impact on productivity (www.apa.org/research/action/
multitask.aspx). In addition, there are more errors after an
interruption of a task (Monk et al. 2008).

Additionally, multitasking increases stress (Bailey
et al. 2001) and causes fatigue and brain damage (Loh
and Kanai 2014). A study with remarkable results showed
that people who frequently multitask are worse at this
than those people who do rarely (Ophir et al. 2009;
Sanbonmatsu et al. 2013).
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2.3 Why humans are multitasking

Though multitasking has significant adverse effects on
human beings and their work, it is observed that it is used
because they either choose this way of work or are forced
to doit.

There is a belief among employers that a good
employee can perform multitasking effectively. Thus, some
employees choose to perform several tasks in parallel, to
indicate that they are busy. This makes them feel irreplace-
able, better assessed and win the favor of their employer.

As mentioned, only 2.5% of people are able to perform
effective multitasking (Watson and Strayer 2010). However,
there are a large percentage of people who believe that they
belong to that 2.5% of people. This illusion makes them
believe that they are supermen, and they feel very proud
of themselves. Especially, when some rare times multitask-
ing works well, this strengthens their belief even more.

It has also been proved that several times the work
undertaken by someone might cause a disappointment,
which is a powerful incentive to make him or her go to
switching of tasks (Hardy and Gillan 2012).

Although in the recent decades technological pro-
gress has greatly facilitated people’s work, the easy Inter-
net access for research, information and entertainment
and the extensive use of smart phones (mail, SMS, social
media) are important causes of interruption of work.

3 Industrial automation projects

One of the main areas in which automation is widely
applied is the industry. In recent decades, technological
progress has helped to increase industrial automation
applications and reduce human intervention in industrial
processes. The main advantages of the industrial automa-
tion applications are productivity growth, plant reliability,
improvement in the quality of the final product, increase
in worker safety and reduction in production cost.
Nowadays, the main part of an industrial automa-
tion system is usually based on programmable logic con-
trollers (PLCs). PLCs are computer-based devices that are
capable of controlling several types of industrial equip-
ment and entire automated systems. The main feature of
them is that they are very reliable and efficient in appli-
cations involving sequential control and synchronization
of industrial processes (Alphonsus and Abdullah 2016).
If an industrial automation system is considered as a
pyramid then the top is the supervisory control and data
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acquisition system (SCADA). Always, an SCADA system
consists of subsystems such as human-machine inter-
face (HMI), data gathering and alarm and event handling
(Novak et al. 2014). SCADA systems provide interaction
between the field devices and human operators.

Very often, PLCs have to control very critical indus-
trial processes. In addition, the SCADA system must be
user friendly in order to convey the necessary information
to the operator. Both PLC hardware and SCADA system
have to be programmed with appropriate software tools.
The PLC/SCADA software development is the hardest
part of the implementation of an industrial automation
project. In addition, at the end of PLC/SCADA software
development, there is the simulation phase, which is
very critical because it tests the automation program sim-
ulating the actual process circumstances to identify and
detect any software errors and correct them (debugging).

In organizations that rely on multi-project environ-
ments, resources are shared across a number of projects.
An environment of many projects typically generates many
priorities for project resources and managers alike (Patrick
1999). When several automation projects are executed in
parallel, it is inevitable that resources are shared by more
than one project. Also, the same resources are used in pro-
cesses in addition to ongoing projects. Software develop-
ment is a process that requires intense concentration, and
these process interruptions reduce a developer’s efficiency
and can cause project delays (Solingen et al. 1998).

4 Multiple-criteria decision-making

MCDM refers to making decisions in the presence of mul-
tiple, usually conflicting, criteria (Xu and Yang 2001). In
these cases, there is not a unique right decision. Through
the MCDM, there is a ranking of all the alternatives and the
decision is the best-ranked alternative from the decision
maker, based on multiple criteria.

MCDM can be defined as the study of methods and pro-
cedures by which concerns about multiple conflicting criteria
can be formally incorporated into the management planning
process (www.mcdmsociety.org/content/mission-society).

4.1 Analytical hierarchy process

One of the major and most used MDCM methods is the
AHP. The AHP was developed by Saaty (1980) and is
used in most of the applications related to MCDM. AHP
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is an MCDM method that helps decision-makers to face a
complex problem with multiple conflicting and subjective
criteria (Ishizaka and Labib 2011).

To make a decision in an organized way to generate
priorities, we need to decompose the decision into the fol-
lowing steps (Saaty 2008):

e Define the problem and determine the kind of knowl-
edge sought.

e Structure the decision hierarchy from the top with
the goal of the decision and then the objectives from
a broad perspective, through the intermediate levels
(criteria on which subsequent elements depend) to the
lowest level (which usually is a set of the alternatives).

e Construct a set of pairwise comparison matrices.

e Use the priorities obtained from the comparisons to
weigh the priorities in the level immediately below.
Do this for every element. Then, for each element in
the level below, add its weighed values and obtain
its overall or global priority. Continue this process of
weighing and adding until the final priorities of the
alternatives in the bottom-most level are obtained.

5 Project management tool

About 150 works have been published based on AHP,
including applications in different fields such as plan-
ning, selecting a best alternative, resource allocation,
resolving conflict and optimization (Vaidya and Kumar
2006). In this study, we focus on the project manager’s
decision about pausing tasks of a current project, using
the AHP method.

As mentioned, primary tasks of an industrial automa-
tion project are PLC/SCADA software development and
the simulation of the whole project. Secondary task is con-
sidered as an urgent technical support, a bid preparation,
a meeting, a task of another project or a task related to
the internal operation of the technical company. Short dis-
tractions, such as a telephone call and a brief discussion,
although affecting human productivity, are not taken into

Tab. 1: Pairwise comparison matrix of the 4 criteria.
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account in this study, considering that their impacts are

smaller than those listed before.

Within a technical company, project managers are
always faced with difficult decisions when task switch-
ing is required. In Greece, a few technical companies are
involved in industrial automation projects. Based on the
opinion of four senior project managers of automation pro-
jects (a significant percentage given that the companies
specializing in automation projects are very few in Greece)
with many years of experience, the following main criteria
were identified for the decision-making process:

e Task criticality: the criticality of the main and second-
ary tasks is compared. For the main task, it is checked
whether the task interruption affects the overall pro-
gress of the project (critical path), the projects risks,
the project costs, and the customer dissatisfaction. For
the secondary task, it is checked whether it is critical
to another company’s project, it is an urgent support
to a specific customer and will cause financial cost, it
is a task that causes financial cost to the company or it
is a task that influences company’s reputation.

e Task complexity: the complexity of the primary task
is checked. The more complex the primary task, the
greater the impact on restoring duration.

e Task duration: the total duration of the primary and
secondary tasks is compared. The smaller the sec-
ondary task in relation to the primary task, the more
acceptable the interruption of the primary task.

e Personnel appropriateness: check the appropriateness
of the specific personnel to execute the primary and
the secondary tasks.

The criticality criterion is the most important factor to be
taken into account. In addition, the rank of complexity
criterion is high. The duration and appropriateness crite-
ria are less important than the first two criteria.

Using the fundamental scale of numbers that indi-
cates how many times more important or dominant one
element is over another element and making the pairwise
comparison for the four criteria (Saaty 2008), the pair-
wise comparison matrix is made, as shown in Table 1.

Criticality Complexity Duration Appropriateness Priorities
Criticality 1 2 4 4 0.485
Complexity 1/2 1 3 3 0.297
Duration 1/4 1/3 1 1 0.109
Appropriateness 1/4 1/3 1 1 0.109

£=1.00
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5.1 Example 1

Suppose an automation engineer X is engaged with PLC
software development; the task belongs to the critical path
and lasts 5 days. Assume that there is a requirement for a
bid preparation by the same engineer because of his exper-
tise, which requires 3 hours of engagement period, and the
bid’s difficulty is medium. Pairwise comparison matrixes for
every criteria (Tables 2-5) in such a situation are as follows:

The final rank given in Table 6 shows that the con-
tinuation of the primary task is strongly the best deci-
sion. The bid preparation has to be done from another
engineer of the technical company or after the comple-
tion of the primary task from the engineer X.

Tab. 2: Pairwise comparison matrix for criticality.
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5.2 Example 2

The automation engineer X is engaged with HMI soft-
ware development; the task belongs to the critical path
and lasts for 3 days. Suppose that there is an urgent
requirement for a technical support to a customer from
engineer X because this engineer made the whole soft-
ware development and commissioning to his project.
The support requires at least 4 hours of engagement
period. Pairwise comparison matrixes for every criteria
in such a situation (Tables 7-10) are as follows:

In this case, the final rank given in Table 11 shows
that the primary task has to be paused and the engineer
X must start giving technical support to the specific

Tab. 7: Pairwise comparison matrix for criticality.

Criticality Primary task  Secondary task  Priorities Criticality Primary task  Secondary task  Priorities
Primary task 1 5 0.833 Primary task 1 1 0.500
Secondary task  1/5 1 0.166 Secondary task 1 1 0.500
~=0.999 ~=1.000
Tab. 3: Pairwise comparison matrix for complexity. Tab. 8: Pairwise comparison matrix for complexity.
Complexity Primarytask  Secondary task Priorities Complexity Primarytask  Secondary task  Priorities
Primary task 1 5 0.833 Primary task 1 1/3 0.250
Secondarytask  1/5 1 0.166 Secondary task 3 1 0.750
~=0.999 ~=1.000
Tab. 4: Pairwise comparison matrix for duration. Tab. 9: Pairwise comparison matrix for duration.
Duration Primarytask  Secondarytask Priorities Duration Primarytask  Secondary task Priorities
Primary task 1 1/5 0.166 Primary task 1 5 0.833
Secondary task 5 1 0.833 Secondary task  1/5 1 0.166
~=0.999 £=0.999

Tab. 5: Pairwise comparison matrix for appropriateness.

Tab. 10: Pairwise comparison matrix for appropriateness.

Appropriateness Primary task  Secondary task  Priorities Appropriateness Primary task  Secondary task  Priorities

Primary task 1 1 0.500 Primary task 1 1/3 0.250

Secondarytask 1 1 0.500 Secondary task 3 1 0.750
2~=1.000 2~=1.000

Tab. 6: Priority matrix for decision-making.

Criticality (0.485)  Complexity (0.297) Duration (0.109) Appropriateness (0.109)  Overall priority
Primary task 0.833 0.833 0.166 0.500 0.724
Secondary task 0.166 0.166 0.833 0.500 0.276
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customer. This will cause a time delay and, probably,
an extra cost to the project.

5.3 Analysis of subcriteria

The abovementioned analysis could go one step further
and investigate in more detail each of the aforementioned
four criteria in the third level of the AHP hierarchy tree as
shown in Figure 1. The authors chose to analyze in more
detail the criterion “criticality”, as according to Table 1
had the highest priority among the four criteria. The sub-
criteria for “criticality” that the four experts concluded
were (Table 12): a) the company, i.e. regarding the impor-
tance of the task for the economic benefit of the company,
b) the project, i.e. regarding the importance of the task
for the on budget and on time execution of the project
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task for the customer’s satisfaction, which is crucial for
the company (Tables 13-15).

If we apply the abovementioned analysis using the
sub-criteria of “criticality” in our first example, only Table 2
changes, which is as follows (Table 16):

The analysis shows a slight increase in the overall pri-
ority of the primary task in relation to the secondary task.
It could be argued that the incorporation of the subcriteria
in our analysis offered a fine-tuning over the primary task.

6 Conclusion and future research in
civil engineering field

Multitasking is a significant factor that affects human
productivity and causes impacts on time and cost

and c) the customer, i.e. regarding the importance of the management of projects. Industrial automation
Tab. 11: Priority matrix for decision-making.
Criticality (0.485) Complexity (0.297) Duration (0.109) Appropriateness (0.109) Overall priority

Primary task 0.500 0.250 0.833 0.250 0.435
Secondary task 0.500 0.750 0.166 0.750 0.565

LEVEL 1 TASK EXECUTION

LEVEL 2

Criticality Complexity Duration Appropriateness
LEVEL 3
y
LEVEL 4

Fig. 1: AHP hierarchy tree for task selection with subcriteria.
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projects include tasks such as software development
that strongly depends on human factors. This study
presents the effects of multitasking within a project
and depicts the consequences of some situations that
a technical company has to face simultaneously in its
everyday work environment. The conclusion is that
multitasking impacts cannot be eliminated but have to
be mitigated.

Tab. 12: Pairwise comparison matrix of the three subcriteria.

Company Project Customer Priorities

Company 1 5 7 0.731

Project 1/5 1 3 0.188

Customer 1/7 1/3 1 0.081
x=1.00

Tab. 13: Pairwise comparison matrix for criticality

subcriteria: company.

Company Primary task  Secondary task  Priorities

Primary task 1 0.833

Secondarytask  1/5 1 0.166
>=0.999

Tab. 14: Pairwise comparison matrix for criticality

subcriteria: project.

Project Primarytask  Secondarytask  Priorities

Primary task 1 9 0.900

Secondary task  1/9 1 0.100
X=1.000

Tab. 15: Pairwise comparison matrix for criticality

subcriteria: customer.

Customer Primary task  Secondary task  Priorities

Primary task 1 0.833

Secondarytask  1/5 1 0.166
¥=0.999

Tab. 16: Priority matrix for decision-making.
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The AHP method is used as a tool to help the
project manager to make the best decision regarding the
resource allocation. The most significant factors that
are taken into account for every decision are referred,
and subjective priority vectors are given. The tool is
used in two examples for different situations, and the
best decision is calculated. Then, a further analysis is
attempted; the most important criterion is analyzed in
a list of subcriteria by the authors, and the results are
presented.

It should be noted that the results of the tool do
not necessarily provide the ideal decision for a project
manager; this process analyzes parameters of the project
that otherwise would have not been counted in the final
decision. The importance of this tool is that it provides the
project manager with the best choice in a quick and very
user-friendly way.

The tool is developed in Microsoft Excel 2013 (the
tool is available free from the corresponding author),
and it can easily adopt changing criteria and prior-
ity vectors to adapt to specific type of projects. It may
be used in different projects that strongly depend on
human factors.

Civil engineering projects are highly depended on
human factors. Decisions that should be made concern-
ing the sharing of human resources in different activities
out of schedule are very often required. These decisions
mostly involve the unplanned assignment of workers or/
and superintendents to activities of the same project.
These unforeseen events cause the disruption of the
scheduled work. The criteria taken into account in deci-
sion-making of either to stop or not a work in progress
in order to accommodate another activity are the same
as for the industrial automation projects i.e. criticality,
complexity, duration and suitability. Table 1, referring
to the criteria weights, may vary according to the project
specifications, contract clauses and company’s priorities.
Future research in the construction field could identify
additional criteria or/and subcriteria with different prior-
ity vectors.

Criticality (0.485) Complexity (0.297) Duration (0.109) Appropriateness (0.109) Overall priority
Primary task 0.846 0.833 0.166 0.500 0.730
Secondary task 0.154 0.166 0.833 0.500 0.270
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