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Abstract

The realization of modern business, activities and projects poses increasing demands and challenges to project managers.
Therefore, modern project management practices are inconceivable without the help of project management software.
This paper describes and compares the most commonly used project management software with emphasis on the need for
careful selection based on the required software features and other criteria such as software price, necessary
implementation time and education of future users and an example of Microsoft Project application in project planning.
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1. Introduction

Due to the limited amount of resources necessary in any project, their optimal use is required in a way that reduces
the total project duration and project costs, while achieving an improvement in the quality of the project result [8].
Contemporary business places increasing demands and challenges on the Project Manager, which creates an increasingly
complex concept of project management. Therefore, we cannot think of project management today without the use of
computer programmes. With the first application of such Project Management software computer systems required a great
deal of user knowledge and were very slow. Development of personal computers contributed to the development of project
management when they became more user-oriented and easily accessible to everyone.

To date, numerous software packages have been developed for Project Management and as such are an indispensable
tool in planning activities, estimating project costs, resource management, reviewing a load of individual resources,
monitoring project implementation and project control. It is important to keep in mind that a computer is a tool that cannot
be planned independently without human commands, but a person with the help of a computer and computer software
can do the routine part of the job much faster and more efficiently [9]. Using such software, instead of routine tasks in
making the plan, the project team leaves more time for plan analysis, monitoring and control in the project implementation
phase, which allows better decisions that ultimately affect the greater success of the project. However, in addition to all
the listed benefits of implementing project management software, the question is also how to choose the software that
will best suit the needs of the project team and that will help in successful project management.
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However, in addition to all the listed benefits of implementing project management software, the question is also how
to choose the software that will best suit the needs of the project team and that will contribute to more successful project
management. Through this paper, there will be given a brief overview of the development of project management
software, analysis of some of the project management software and their proper selection and the application of Microsoft
Project in project planning.

2. Development of Project Management Software

The emergence of project management software is often linked to the genesis and development of planning methods
and techniques. One of the worthiest scientists in this field of science is considered to be Henry Gantt who presented the
activities of the production process for the first time in real-time using a Gantt chart. Thus, the Gantt chart has remained
one of the most applied methods in project planning to this day. Gantt chart is one of the linear planning methods and is
most often used in combination with some of the network planning techniques that emerged a little later, with the advent
of more complex projects. The PERT method was used for the planning and control of the US Navy Polaris project [4].
As this project was unique and the duration could not be precisely determined, its estimates based on optimistic, most
probable, and pessimistic time were used. The final execution time of the project activities was obtained by mathematical
beta distribution as the expected duration of the activities [6].

Initially, the PERT method did not take costs into account until the introduction of the PERT / COST method in which
project cost estimation was done by the same logic as time estimation in the PERT method. Unlike the Polaris project,
the construction of a large chemical plant in the United States for which EI du Pont de Nemours was responsible required
an accurate estimate of the time and cost of the project. For this purpose, a planning method was developed primarily
referred to as the PPS, and today better is known as the CPM method. The CPM method is still used today in the planning
of projects in which the execution of activities can be precisely determined. It is event-oriented and uses time analysis
and structure analysis to accurately determine the duration of activities, the occurrence of events, and the total duration
of the project [5]. With the development of planning methods and techniques there was a need for another method called
the method of previous activities or PDM method.This method was developed in response to the shortcomings of the
PERT and CPM methods in which it was not possible to display two activities taking place simultaneously. The PDM
method introduced different types of temporal relationships between activities making the actual relations between
activities better represented than before [9]. With the development of computers and the application of the first packages
intended for project management, these techniques and methods of project planning, on which this computer software is
based, gained popularity.

3. Review and selection of the project management software

Today, there is a large number of project management software solutions on the market, and this paper provides its
readers with an overview and analysis of Asana, Trello, Microsoft Project, Basecamp and Wrike project management
software. Asana is a project management solution that enables collaboration and communication among project team
members. It is a simple implementation tool, has an attractive user interface, and access to this tool is enabled through the
mobile application that offers a possibility of synchronizing the user account on the desktop and mobile version of the
programme.

Trello is one of the most attractive project management software programmes on the market due to its ease of use,

relatively affordable price and great collaboration opportunities among project team members. The most common use of
this tool is in simple projects managed by a small project team. One of the major advantages of this programme is the
ability to use it on a whole range of devices from a desktop computer, laptop or tablet as well as a mobile phone using a
mobile app available for both iOS and Android devices.
Microsoft Project is also a commonly used project management software in practice. It is present due to the integration
with Office 365, but it also offers many features and customization options at the enterprise level. It is most commonly
used to manage complex projects involving a large number of stakeholders. In its newer versions, it also features agile
methodologies to be able to compete with new software programmes in the market such as Asana, Trello, Basecamp,
Wrike, etc. Basecamp is a project management tool used by all types of teams, from small and medium to large companies.
It is easy to use, has several features such as project planning, real-time project monitoring, the ability to collaborate
among project team members, the ability to work on multiple projects simultaneously, etc. Basecamp can integrate with
Trello and Asana project management software. Wrike is a cloud-based project management tool that helps users manage
a project from start to finish, providing complete visibility and control over tasks, and it is implemented both in large and
medium-sized enterprises. Although at first glance quite similar, each of the analyzed project management computer
programmes has its advantages and disadvantages and several features and capabilities for project management. It is
necessary to understand the needs and the problem that we believe the implementation of one of these software
programmes could solve to understand which set of features would best suit us. The software that contains such a set of
features is the best solution for the project team. Therefore, in the continuation of this paper, a comparison of the analyzed
project management software is given according to the possession of eight key features necessary for successful project
management, namely project planning, real-time_project presentation, project milestones, multi-project capability,
resource management, collaboration, monitoring project progress.
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Features of Project Asana | Trello | Microsoft | Basecamp | Wrike
Management Software Project
Project Planning
Project Time Tracking
Milestones Tracking
Multiple Projects
Resource Management
Collaboration Tools
Progress Tracking
Reports and Statistics

Table 1. Comparison of project management software features (Source: by the author)

For the purposes of correct selection of project management software the previously presented features of project
management software were defined as criteria and the analysed software as possible alternatives on the basis of which a
hierarchical AHP model was created in the computer program Expert Choice (Figure 1.)[2].
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Fig. 1. AHP model

After defining the hierarchical AHP model, the evaluation of alternative software was performed according to the criteria
of owning the selected features. Sensitivity analysis ranked Asana as the best software solution, followed by Microsoft
Project, Wrike, Basecamp and finally Trello (Figure 2).

[2% Facilitator: Performance Sensitivity for nodes below - Goal: Choice of Project Management Software » Feature.. — O X

File Options Tools Window

& |2 4| Pl & x|

Obj Al 50

.90 —

.80 — —1.40

70—

.60 — —.30 |
.40 —.20

.30

20 =10 T
.10

0o ] ] o im] im| | 1 .00

Project Time Multiple Pro Collaborati Reports and

Project Plan Milest T R Man Progress Tra OYERALL
| Sensitivity w.r.t.: Goal: Choice of Project M t Sofl > Feat of Project M t Sofl [Ideal Mode -

Fig. 2. Evaluation results of analysed software
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In addition to choosing the best software solution regarding the features that will help manage a particular project, it
is important to pay attention to the following three limitations, namely the price of software, time of its implementation
and education and use of selected software programme [7]. Before deciding to purchase project management software, it
is very important to determine how much money we are willing to spend, whether that amount is in line with the
organization's capabilities, and whether the price of the software will justify the benefit we will receive from it. Besides
the fee for the use of the software, it is necessary to take into account the implementation and education costs, and the
adaptation to the purchased software. It is important to consider the needs and opinions of all project participants and
future users to facilitate the implementation of the selected software programme. It will reduce possible resistance when
using the software, and its use will make it easier for everyone to work and thus improve the project management process.
After selecting and implementing the software and before using it, it is necessary to educate future users so that they learn
to use the system correctly and get to know all its features and characteristics for which the software was selected. The
following is a description of the MS Project and its application in planning.

4. Application of Microsoft Project in project planning

Project is used in planning and managing a large number of different projects, from meeting deadlines and budgets to
choosing the right resources. MS Project is mostly applied in practice today, and the reason for that is its simplicity,
availability and reasonable price, and by using all its possibilities, higher productivity and better results are achieved. This
software is applicable in almost all branches of industry, especially in the field of construction. As such, it is most often
implemented in design and construction companies that participate in the execution and monitoring and control of project
implementation. Microsoft Project is available in two different versions, Project Standard and Project Professional. The
first version allows you to create, modify and track plans, while the second also has additional features such as Team
Planner. Also, Project Professional can be used with Project Server and Project Online, which in addition to project
management also enables portfolio management. Then, portfolio management enables monitoring of all projects that the
company is engaged in, optimization of resources its resources and control of all activities and costs with one tool [1].

Microsoft Project has a series of features and capabilities for more successful project management so in this paper
will be shown on the example of construction project some of previously analysed features such as project planning and
project time tracking which includes entering activities and their duration, grouping activities into a WBS structure;
linking activities with appropriate links; then allocation and managing the resources needed to execution of these
activities; creating different reports and statistics and the ability of collaboration between stakeholders involved in the
project.

4.1. Project planning and time tracking
The feature of project planning and time tracking in Microsoft Project will be presented on the example of the

construction of a business-residential building laid on a reinforced concrete foundation slab 40 cm thick in its total area
of 164 m2. The construction extends to 4 floors, including the basement, ground floor, first and second floor.

Task Mame ~ | Duration » Start ~ Finish -

4 Business and Residental Building 163 days? Mon 16.9.19 Wed 29.4.20
Construction site preparing 20 days Mon 16.9.19 Fri 11.10.19
Earthworks 3 days Tue 17.9.19 Thu 19.9.19
Footings 11 days Fri 20.9.19 Fri 4.10.19
4 Basement 43 days? Mon 7.10.19 Wed 4.12.19
4 Bearing walls and basement 13 days Mon 7.10.19 Wed 23.10.19
columns
Columns reinforcement 1 day Mon 7.10.19 Man 71019
Installation of celumn 1 day Mon 7.10.19 Meon 71019
formwerk
Concreting basement 1 day Tue 81019 Tue 81019
columns
Dismantling the basement 1 day Mon 141019 Mon 14.10.19
columns formwork
Installation of basement & days Mon 7.10.19 Mon 141019
wall formwork
Bearing walls 7 days Tue 81019 Wed 16.10.19
reinforcement
Concreting bearing walls in 1 day Thu 17.10.19 Thu 17.10.19
the basement
Dismantling the basement 1 day wed 23.10.19 Wed 23.10.19

bearing walls

Fig. 3. Work Breakdown Structure - WBS (Source: by the author)
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The load-bearing structure consists of reinforced concrete elements of concrete class C25/30. The construction ends
with a flat roof 25 cm thick made of reinforced concrete C25/30. The agreed start date of works is on September 16, 2019,
while the planned completion of works is on April 29, 2020. After the survey of the works, a WBS structure was created
by which this project is presented through components in developed and connected levels, from the whole to the details,
which are necessary for the implementation of effective planning, monitoring and control. The disaggregated structure of
the paper is shown from top to bottom in four levels of detail (Figure 3.).

After entering all the selected activities that need to be performed for this project, it is necessary to determine the
duration of individual activities and determine the links between the activities. By entering the specified data in the tabular
part of the basic window, MS Project calculates the exact start and end date of each activity, the critical project path and
the total project duration following the agreed completion time [1].

Figure 4. shows the basic plan for the construction of a business-residential building using a Gantt chart. The well-
designed initial plan includes entering quality input information results. With the development of the initial plan, this part
of the work is just beginning as well as monitoring and control of the plan to determine whether the plan follows the
actual situation on the construction site, and if not it is necessary to update it at any time to show the real project.

— £ X Cut Mark on Track - =S y Notes
= 2 @Malgun Gott - (2 - T G B - *%* Mark on Trad > = s o . Hmmary E e
EB Copy - G{) Respect Links B ¢ ¥ Milestone D Details
Gantt =~ Paste B I U O-A- S5 %= ocd Manually  Auto Inspect Move Mode — Task Information
Chart = - ¥ Format Painter - - * = Inactivate Schedule Schedule - - - - Y3 Add to Timeline 4
View Clipboard Font [F} Schedule Insert Properties
December 2019 January 2020 |
0 Task Name w Duration ~ | Start w | Finish ~ || 20 | 25 4,9 14 19 24,29, 3 8 13,18 23 28
43 4 Groung floor 38 days Thu 14.11.19 Mon 6.1.20
I 1
44 - Bearing walls and ground 18 days Thu 14.11.19 Mon 9.12.19
floor columns e |
53 rl Beams, ceiling slab and 33 days Thu 21.11.19 Mon 6.1.20
ground floor staircase I 1
54 Installation of ground floor 2 days Thu 21.11.19 Fri 22.11.19 Installation of ground floor beam formwork
beam formwark
55 Ground floor beam 3 days Mon 2511.19 Wed 27.11.19 Ground floor bgam reinforcement
reinforcement
56 Concreting the ground 1 day Thu 28.11.19 Thu 28.11.19 Concreting the ground floor beam
floor beam
= 57 Dismantling the ground 1 day Tue 101219 Tue 10.12.19 Dismantling| the grouad floor beam formwork
% floor beam formwark
5 58 Installation of ground floor 5 days Fri 29.11.19 Thu 51219 Installation of groupd floor ceiling formwork
= ceiling formwork
Z 59 Ground floor ceiling 10 days Fri 6.12.19 Thu 19.12.19 '- forcement
é reinforcement
60 Concreting the ground 1 day Fri 201219 Fri 201219 Corjcreting the gro d floor ceifing slab
floor ceiling slab 3
61 Dismantling of the ground 3 days Wed 1.1.20 Fri 3.1.20 Dismantling of the ground floor ceiling formwork
floor ceiling formwork
62 Installation of ground flocr 1 day Fri 291119 Fri 29.11.19 Installation of ground flogr stair formwark
stair formwark
63 Reinforcement of the 1 day Fri 61219 Fri 61219 Reinforcement of the staifcase slab on the ground floor
staircase slab on the Ly
ground floer
84 Concreting the ground 1 day Fri 201219 Fri 201219 Concreting the|ground floor stair:
floor stairs
65 Dismantling of the ground 1 day Mon 6.1.20 Mon 6.1.20 Dismantling of the ground floor staircase formwork

floor staircase formwork

Fig. 4. Display of the basic plan in MS Project (Source: by the author)

In the basis of MS Project, the calculation is performed following the method of previous activities, and it is possible to
display the plan in the form of a network diagram at any time.

Comparison of activity duration calculations classical and with the help of project management software

The Critical Path Method — CPM and Precedence Diagramming Method — PDM are the most commonly used methods
in planning construction projects today and represent the concept on which most software programmes are based on
planning and creating a project plan [10].The following is an example of calculating the duration of the part of the
activities in the plan and comparing the obtained data with the data generated from Microsoft Project 2016.

Classical method

According to the PDM method, it is necessary to perform structural analysis and time analysis to determine the critical
path and the total duration of the project. The analysis of the structure consists of the selection of activities and determining
the connections between them. Its visual presentation is given by a network diagram for which the input data are shown
in Table 2. When using the elements for drawing a network diagram, it is necessary to link the activities from the first to
the last in the list of activities, paying attention to their interdependence

- 0855 -



31sT DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION

Label of
the Task Name Duration Previous
activit activi

Reinforcement of basement columns 1
Installation of basement column formwork 1 1SS
Concreting basement columns 1 1,2
Dismantling the basement column formwork 1 3FS+3

Installation of formwork for load-bearing basement walls 6 2SS
Reinforcement of load-bearing basement walls 7 5SS
Concreting the load-bearing walls of the basement 1 5,6

Dismantling of load-bearing basement-walls 1 TFS+3, 4

Table 2. List of the activities (Source: the author of the paper)

EEEN - DEEN - GEEN - GEEE
1 1 6 7

W EHEN DN
1 1

| | | Mol [ |
1 1

Fig. 5. Structure analysis (Source: by the author)

After analysing the structure, it is necessary to determine the time schedule for the execution of individual activities
and the total duration of the project. In the network diagram, according to the rules of the PDM method, it is necessary to
perform an advance calculation that determines the working position of the activity and a backward calculation that
determines the latest activity position. In addition to budgeting forward and backwards, it is necessary to calculate time
reserves in order to get a critical path and critical activities, i.e. those activities that do not have time reserves and extending
their duration extends the total duration of the entire project.

- HHEH - SHEH - REEE
_‘ HEEE --INEE

1 11

P
c[2]c]2 o] s [s] e |
i & 5 7 1 10 5 11

Fig. 6. Time Analysis (Source: the author of the paper)
Planning in MS Project

The budget procedure described above is automatically implemented by the software in its background. Entering the
name of the activity in the Task Name column, the duration of individual activities in the Duration column and previous
activities in the Previous Activities Column on the right side of the main window draws a Gantt chart. The critical
activities are marked in red and non-critical ones in blue. It can be noticed that the obtained data coincide with those data
obtained by manual calculation.
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lugust 2020

September 2020

Task Name + Duration + | Start + | Finish + Predecessors|| 2 5 8 1M 14 17 2023 2% 29 1 4 7 0 13 (16 |19 2225 28
1 4 Load-bearing basement 12 days Mon 14.8.20 Tue 29.9.20 N
walls and columns :
2 Reinforcement of 1day Mon 14.9.20  Mon 14.9.20 Reinforcement of basement columins— :
basement columns :
3 Installation of basement 1 day Mon 14920 Mon 14920 255 Installation of basement column fermwarky)
column formwork :
4 Concreting basement 1day Tue15.98.20 Tue 15.9.20 2.3 Concreting L |
columns :
5 Dismantling the 1 day Mon 21.920 Mon 21920 4F5+3 days Dismantling the basement column formwork
basement column :
formwork :
- -] Instzllation of formwork 6 days Mon 14.9.20 Mon 21.9.20 355 Installation of formwork for load-bearing basement wallsy)
o for load-bearing :
<
T basement walls :
o :
= 7 Reinforcement of 7 days Mon 14.9.20 Tue 22.9.20 BSS Reinforcement of load-bearing walls of the basementy)
= load-bearing walls of the :
g basement :
8 Concreting the 1day Wed 23.9.20 Wed 23920 &7 Concreting the load-bearing walls of the I
load-bearing walls of the :
basement : :
9 Dismantling of 1day Tue29.9.20 Tue29.9.20  BFS+3 days;s Di ling of foad-bearing L walls T

load-bearing basement
walls

Fig. 7. List of the activities and Gantt Chart (Source: by the author)

Figure 5 shows a network diagram of the construction of columns and load-bearing walls of the basement in which a
complete coincidence can be seen with the hand-drawn and calculated network diagram shown in Figures 2 and 3.

-

:

Fig. 8. Network Diagram (Source: by the author)

A simple example with a few activities as possible is presented here. However, it is impossible to manually plan projects
with a large number of activities and a large number of resources required for their implementation, such as a single
construction project without the use of the software. It is possible to create a project plan, but during the implementation
of the construction, a large number of participants is involved. Therefore, constant changes have to be continuously
updated in the plan, and this requires a large amount of time that the project team often does not have.

4.2. Project Resource Management

0 Task Mame -
1 4 Business and Residental Building

Start w  Finish ~  Predecessors

Thu 15.4.21

Duration

154 days?

Mon 14.9.20

- Construction site preparation

Assign Resources
i 4 Earthworks Task: Excavation and transport of earth material
+ | Resource list options ! .
1 Excavation and transport of
| | earth material Resources from Business and Residental Building |
12 Footings
Resource Name R/D Units Cost @
15 4 v | Excavation, loading ar: 1.027,22 m3 :i119.404,05 KM
v |Machine worker 2,00 0,00 KM Remove
16 4 Bearing walls and basement ICarpenter Replace
columns Concrete worker R
17 Columns reinforcement Cancreting of lintels ¢ Graph
18 Installation of column Concreting of remnfors a
formwork Concreting of reinfor [L5E
19 Concreting basement Concreting of reinforc Help
columns Concreting of reinforc
Canreating nf traae 5 A

Dismantling the basement
columns formwork

Installation of basement

Hold down Ctrl and click to select multiple resources

o uays 1 ey vy sos-O Udy 1% |
wall formwork
Bearing walls 2 days Fri 25.9.20 Mon 289.20 2155+1 day
reinforcement
23 Concreting bearing walls in 1 day Fri 2.10.20 Fri 210.20 2221
basement
4 Dismantling the basement 1 day Thu 8.10.20 Thu 81020 23FS+3 days;20

bearing walls

Fig. 9. Assignment resources to activities
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The work planned in the project can only be done with the help of resources. Efficient resource management is one of
the biggest advantages of using Microsoft Project. The successful realisation of the project depends on the availability of
human and material resources at the right time and in the required amount [3]. The allocation of activity resources is
necessary for its execution which gives a schedule for the using resources that can be optimized later. By entering data
on resources such as the name and type of resources, the unit of measure and the limited number available, a database is
created where all available project resources are located in one place. In order to obtain a real-time resource allocation on
the project, it is necessary to assign to each activity the type and amount of resources needed to execution that activity
(Figure 9).

When all the activities in the plan have been allocated the necessary resources, Microsoft Project creates a histogram
of the resources whose horizontal axis shows the time, and the vertical axis the number of resources that are planned and
monitored over time (Figure 10).

Gir 1, 2020 Gir 2, 2020 G 3, 2020 Qtr 4, 2020
Mar Apr May Jun Jul Aug Sep Oct MNow Dec Jan Feb

80

72-

56-

Columns reinforcement with rebar ( 4-12

Overallocated: -
Allocated: -

kg/d

40

RESOURCE GRAPH

32-

24

_ Peak Units: [ [ [ I |

Fig. 10. Histogram of resource
4.3. Reporting and statistics

This project management tool as another of its features offers different reports that provide insight into all the necessary
information about the current state of the project. It is possible to get an insight into the cash flow on the project, a work
overview, a view of the schedule of resources as resource overview, milestones report and many other reports. Figure 11.
shows a report that provides an insight into the state of human resources engaged in the project. Project reporting provides
visibility and support in making a decision that represents a proactive approach to project management.

RESOURCE STATS WORK STATUS
Work status for all work resources. % work done by all the work resources.
4.500 hrs 40%
4.000 hrs 355
3.500 hrs 308
3.000 hrs 55
2.500 hrs
20%
2.000 hrs
15%
1.500 hrs
1.000 hrs 10%
500 hrs 5%
0 hrs 0%
Carpenter Stedl Concrete Mason Machine Co-worker Toranjska Carpenter Sted Concrete Mason Machine Co-worker Toranjska
worker worker worker dizalica worker worker worker dizalica
mmm Actual Work e Remaining Work  ——g=—=DBaseline Work m % Work Complete

Fig. 11. Resource status report
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4.4. Collaboration in Microsoft Project

An integral part of the Microsoft Project Professional version is collaboration between project team members using
synchronization between MS Project and SharePoint. Each member of the project team accesses SharePoint, updates the
status of the project and by synchronizing these two tools, the changes become visible to all other members of the project
team [1].

Welcome QOrganize Tasks Create Reports
Share with your team

To share project details, just click Save. Project
syncs changes with your SharePoint tasks list.

Task Name Duration | Start Finish
Task 1 3 days 5/172012 5/3/2012

To see more information about the tasks list and Task 2 4days | sup012 | 5/92012

field mapping, click File > Info Task 3 2days 5/10/2012 | 5/11/2012

434 d@

Task 4 3days

SHARE WITH YOUR TEAM

Fig. 12. Synchronization with SharePoint
5. Conclusion

Intensive development of project management and expansion of its field of application requires the help of modern
project management software. The paper gives a brief description and comparison of the most commonly used project
management software programmes and answers the question of how to choose the software that can support project
management. It also gives an overview of the application of Microsoft Project in planning a specific project in
construction. Finally, the conclusion is that project management software should be selected based on the required
features. In addition to a set of features that will help more successful management of a project when choosing it, it is
necessary to take into account the software costs, the required implementation time and education of stakeholders who
will use it. By the application of modern project management software, the project team has more time for plan analysis,
monitoring and control of project execution, which allows better decisions for the better success of the project.

In the future, project management will become unthinkable without the support of project management software, so
investing in new technologies and monitoring the development of project management software will be a challenge in
achieving sustainable competitive advantage.
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