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Abstract — Nowadays, IT projects are becoming more complex
and larger in scale. Stakeholders often experience difficulties
assessing project quality attributes, such as progress, budget.
Specifically adapted project metrics based on their descriptive
features are beneficial tools for acquiring important information.
The paper discusses metrics as an important project quality
assessment method. It proposes using GQM method for selecting
the most appropriate Agile project quality metrics. For metrics
monitoring it explores popular cloud-based project management
systems. An illustration of the approach is provided by two case
studies with Agile projects in the public sector.

Keywords — Agile project management, project metrics, project
management systems, public sector.

[. INTRODUCTION

Information technology (IT) has become a vital and integral
part of every aspect of life, including the public sector. IT
provides support for the day-to-day work of public
administration, promotes information flow, accessibility,
quality and ensures the reduction of administrative burden [1].
The development, operation support and improvement are
carried out within IT projects in the public sector. Despite large
investment in IT projects, a majority of them did not fit within
scope, budget or schedule up to 2016. However, 2017 is the first
year when the number of successfully managed projects has
started to increase [2]. The main reasons are the improvement
of technical and managerial knowledge, Agile project
management methods and introduction of project management
office (PMO) implementation in enterprises. PMO core tasks
are resource, project plan, finance, communication and quality
management, including project control using metrics. Although
the Agile approach allows for a flexible approach to project
planning and change management, reference points in the form
of measurement metrics are needed to enable stakeholders to
evaluate the project progress through various visual reports and
charts.

Measurement methods allow evaluating actions undertaken
and their results. However, it is difficult to identify the scope of
project data and metrics needed to be calculated from these data
to reach the desired goal. Collecting insufficient and excessive
data can result in unnecessary costs. Therefore, for systematic
metric selection GQM approach is used in the present paper.

Metrics can be derived, analyzed and presented using project
management systems, which allow summarizing data,
managing and supporting a wide range of project activities. In
the present paper, nine systems are compared.
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The aim of the paper is to propose an appropriate approach
to metric identification and retrieval from project management
systems in public sector projects.

The paper is organized in six sections. Section II covers
theoretical basis of the case study, including Agile
methodology, metrics, public sector characteristics. Section 111
considers related work to different measurement approaches.
Section IV covers case study method description — metric
definition using GQM method, metric measurement using
project management systems, their features and comparison.
The case study is described in Section V. Conclusions and
recommendations on the assessment of quality and progress of
the Agile projects in the public sector are drawn in Section VI.

II. THEORETICAL BASIS

A. Agile Methodology

Agile Alliance defines Agile as an ability to create and
respond to change in order to succeed in an uncertain and
turbulent environment [3]. Key concepts of Agile are daily
meetings, work divided into functional increments called user
stories, iterative and incremental development, close
collaboration and milestone retrospective [3]. Some of Agile
advantages are active stakeholder engagement, focus on people
integration rather than processes and tools, adaption to
changing circumstances and continuous attention to technical
excellence [4], [5]. One of the most reported concerns is a lack
of management control and predictability; therefore, effective
communication between the team, its environment and
costumer is crucial [6]. To counter any risks, it is necessary to
implement a reporting mechanism to provide control over Agile
development processes [6]. One of the project control methods
is defining and measuring metrics.

B. Metrics

According to the IEEE standard [7], a software metric is a
standard of measure of a degree to which a software system or
process possesses some property. There is a wide range of
metrics; therefore, it is advised to use a predefined approach to
finding the right set of metrics [6]. Agile teams should design
and use their own metrics in response to identified needs, rather
than using pre-defined metrics [8]. A good metric should be
easy measurable, tied to business goals; it should predict future
business performance and be isolated from different factors [9].
One way to find the right metrics is to adopt GQM strategy that
is further explained in Section IV.

Three most popular Agile metrics are velocity, sprint
burndown chart and release burndown chart [10]. Velocity
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represents volume of work accomplished in a specified time; a
sprint burndown chart shows progress of development during a
sprint and a release burndown chart shows progress of
development during the whole release [10].

Nowadays, most of project planning, task management, bug
and error management, time tracking, information sharing and
project control, including metric measurement, is done using
project management systems.

C. Project Management Systems

PMI states that project management systems consist of tools
and techniques used to gather, integrate and distribute the
output of project management processes [11]. They support all
aspects of the project from initiation to closing [11].
Organizations have various approaches and tools used for
maintaining project information. These can be divided into two
categories — “‘undedicated tools’ that are not originally designed
for project management and ‘dedicated tools’ that are
specifically designed for project management tasks [6].

Subsection A of Section IV covers comparison of dedicated
tools based on their features.

D.Public Sector

Public organizations must be accessible and respond to the
needs of the public [12]. Nowadays they experience a transition
phase where tasks are changing and budget is shrinking;
therefore, Agile approach is a solution to follow the latest
developments and respond quickly [12].

When working with IT projects in the public sector, several

factors should be considered that can significantly restrict and
influence the project execution and management. Public sector
institutions have a strong hierarchical organizational structure
and role culture [1]. A project team needs to possess strong
technological knowledge of multiple systems as integration
between different department system needs to be made [1],
[13]. Public sector software products have broad user base with
different technical expertise and capability [13]. It is crucial to
provide public sector products that are secure and can perform
well during periods of high usage [13].
LaBrosse identifies a few challenges for making projects in the
public sector Agile. Often projects have strict requirements,
budget and scope that contradict with Agile philosophy that
states “responding to change over following a plan” [14].
Bureaucratic and slow decision making in public sector
organizations slows down the project execution making harder
to keep up with a schedule [14]. The main focus of public sector
IT area is to find a balance between reducing costs, realizing the
desired social effects and improving product quality [12].

III. RELATED WORK

During time a number of frameworks, models and standards
have been developed to support software projects in planning
their measurement approach [15]. Most of the approaches tries
to provide cost-effective measurement methods by collecting
only useful data through metrics with a clear purpose. A large
number of empirical studies have shown that goal-based
measurement frameworks are effective and adaptable [15].

Some examples are Balanced Score Card (BSC), goal argument
metric (GAM) and goal question metric (GQM) that will be
later used in the case study. BSC is a framework that looks into
several dimensions for describing, implementing, and
managing a strategy at different levels of an organization by
linking objectives, initiatives and measures [16]. GAM and
GQM are similar because they are top down approaches that are
interpreted from bottom up. In GAM, the goals and sub-goals
are denoted as claims and then the analysis is focused on
classifying which data and which properties of data (sub-goals)
are needed to fulfill these claims [16]. GQM and GAM goals
are referred to as a mission or project, while BSC goals are
focused on a certain perspective in organizational hierarchy
[16]. GQM is the most popular and widely used goal-based
approach.

In the present paper, GQM is used because it derives clear
quantitative results for later decision making and project
management.

IV. PROPOSED APPROACH

Usage of Agile metrics in the public sector is analyzed by
considering two case studies. Suitability of project management
systems for handling the agile metrics is investigated by
analyzing typical reporting features. The selection of the metric
is performed according to the goal question metric approach,
which is described in Subsection A of Section IV. The metric
selection process in relation to the project management system
is described in Subsection C of Section I'V.

A. Metric Definition

Goal question metric is based on an idea that first the desired
goal is identified, then a set of questions that help determine
how well the goal is achieved and finally the metrics that could
help answer each question [17]. It is a top-down approach that
consists of four phases, starting with ‘planning’ and ‘definition’
where metrics are defined based on the previously set goals and
questions [6]. Two final stages are ‘data collection’ and
‘interpretation’ that include applying the metrics and comparing
results with the defined GQM model in a bottom-up manner [6].

The technique can be applied to both traditional project
management methods and Agile. However, Ambler identifies
several things to keep GQM Agile [17]:

e automatically generated metrics are preferred over
manually collected;
e as new information is gathered, goals and priorities
should evolve;
e  metrics should be available to a wide audience;
e metrics should be considered as an insight into project
status that help while collaborating with the team.
In the case study represented in Section V, the main goals and
questions are identified in consultation with stakeholders, but
metrics have been selected based on previous studies, the
experience of the authors and industry experts.
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TABLE I
COMPARISON OF PROJECT MANAGEMENT SYSTEM FEATURES
No. | Feature JIRA | Redmine Axosoft Assembla Wrike | Asana | VersionOne ActiveCollab Taiga
1 Collaboration tool v v N N N N N N N
2 Task management v v N N N N N N N
3 Time tracking v v N v N Plug-in | v Plug-
in

4 Resource planning Plug- Plug-in ~ N N N N N

in*
5 Product backlog N Plug-in N N N \ N N N

management

6 Sprint management N Plug-in N N N N N J N
7 Bug/issue management v v N N N N N N N
8 Kanban board ~ Plug-in N N N N N \ N
9 Gantt chart Plug- \ N Plug-in v

in
10 Reports v Plug-in N v N Plug-in | Plug-in

* Plug-in is required to provide the feature.

B. Comparison of Project Management Systems

Due to a variety of project management systems, it is
important to find the most appropriate one based on project
specific needs and features.

Systems should be compared based on different factors —
features, cost, platform, performance, usability etc.; however,
in this paper, for example, the nine most highly rated cloud-
based project management systems are analyzed and compared
based on ten features described below [18], [19], [20].

1. Collaboration tool. It supports teamwork, activities,
communication to achieve a common goal through file
sharing, messenger apps, team dashboards etc.
Successful collaboration helps identify risks in timely
manner, eliminates conflicts due to lack of
communication and improves teamwork.

2. Task management. Function provides an ability to
design, plan and manage project tasks, indicating their
status, priority, time limit, person responsible,
dependence on other tasks etc.

3. Time tracking. Function allows for time tracking,
analysis and evaluation. Accurate time management
can increase team productivity by simplifying
bookkeeping tasks related to payroll calculations and
billing.

4. Resource planning. Function endures the allocation of
appropriate resources for activities and tasks to meet
project requirements. These can be human resources,
finances, production resources etc.

5. Product backlog management. Function provides
product backlog management throughout the project.

6. Sprint management. It provides an ability to plan
sprints, divide product backlog into smaller tasks and
analyse performance during sprint.

7. Bug/Issue management. It is a process where
information is obtained, bugs/issues are documented
and managed that could occur in the developed
product.

8. Kanban board. It provides optimization of the
workflow using Kanban board visualization tool.

9. Gantt chart. The feature allows easily visualizing the
project schedule in the form of a bar chart. It is
considered a traditional project management
methodology metric.

10. Reports. The function provides use of various reports
implemented in the system, including the retrieval of
metric data. Reports give information about project
progress, quality and developers’ work.

Project management systems are compared based on their
features in Table I.

Then, the gathered data can be presented to stakeholders and
the proper project management system can be chosen.

C. Process Flow

The provided approach can be represented as a process that
is based on finding the proper project management tool by
defining the necessary features and using GQM method for
defining the right metrics for the proposed goals.
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Define goal —» Identify questions —

Find metrics

IR’

Configure system Analyse results

Define system

. —» Comparesystems —
requirements

Choose system

]

Fig. 1. Process workflow.

GQM as described in Subsection A consists of three stages —
goal definition, question identification and finding a metric. To
measure metric effectively, a tool that allows for data retrieval
and metric measurement is needed. The process of choosing a
system can also be done in three stages — defining the necessary
system requirements, comparing systems available on the
market and choosing the system. Then, the chosen system can
be configured to perform status reporting using defined metrics.
It is necessary to analyze results, compare with the defined goal
and change it when needed. The process is shown in Fig. 1. This
approach is used in the case study in Section V.

V. THE CASE STUDY

A. Projects

Within this case study, two public sector agile projects have
been selected, both different by their size, goal, budget, team
size and other parameters. Information about projects is
summarized in Table II.

TABLE 11
PROJECT CHARACTERISTICS
Feature Project A Project B
Goal Website for System for securing a
cooperation between transnational market
users and public sector
institution
Time (sprints) 8 8
Budget (EUR) 100 000 500 000
Team size 5 14

During this case study, the main research questions are as
follows:
1. Can GQM approach be implemented in Agile software
development projects in the public sector?
2. Are results accurate and can they be used for project
management and decision making?

B. GOM Process and Results

The GQM method is used to identify metrics. It is described
in detail in Section I'V. Goals in both projects have been defined
during unstructured interviews with public sector
representatives. The questions and the most appropriate metrics
that give answers to the questions raised are chosen by the

authors according to the required results. Project A results are
represented in Table III, while project B results — in Table IV.

As the authors have had different attributes to monitor and
measure, the goals have been different in both projects. In
project A, the authors’ main focus has been testing support and
quality control; however, in project B tasks have been broader
and involved project progress, quality assessment, and
developers’ work assessment.

The number of metrics has been limited to maximum of five
in each of the projects as a larger number can lead to problems
with processing all the information. Metrics have been chosen
or made based on the defined questions.

120

100

0.Sprint  1.Sprint 2.Sprint 3.Sprint 4.Sprint 5.Sprint 6.Sprint 7.Sprint 8.Sprint

Fig. 2. Release burndown chart, project A.

In project A, two main goals have been defined that cover
testing and overall project plan execution control. As a result,
four metrics have been developed, both traditional agile metrics
such as a release burndown chart (Fig. 2) and project specific
metrics such as passed/failed test cases (Fig. 3).

= Passed

= Failed

Fig. 3. Passed/failed test case metric, project A.
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The results obtained after two sprints in project A lead to

several conclusions:

1. Requirements are not sufficiently elaborated and the
project is behind the planned schedule;

2. Tasks are planned unevenly, leaving most of them

scheduled for the last sprints.

All the conclusions present the risk of not developing the

project successfully — meeting all defined requirements or

deadline.
TABLE III
RESULTS OF PROJECT A
Goal Question Metric Results (after 2
sprints)
1. To perform 1.a. How Passed/failed High number of

plan?

testing of all productive is the | test cases failed tests
technical development of
requirements requirements?
1.b. How critical | Failed test High number of
are the failed case priorities | high priority test
tests? cases in the 1%
sprint (50 %), in
the 2" sprint just
medium and low
priority test cases
2. To perform 2.a. Are Task Tasks are not
plan execution | requirements breakdown planned evenly,
control of scheduled for within sprints | most is left for
project development last sprints
requirements according to the

2.b. Are the The project is

requirements behind the

met according to scheduled

the plan? execution time

2.c. Will project | Release A risk that

be finished in burndown project will not

time? chart be developed
according to the
deadline

For project B, three goals have been defined that cover

project

plan control,

system quality monitoring,

and

developers’ work quality assessment. The results are gathered
using four metrics such as created/ executed tasks (Fig. 4.), task
status breakdown (Fig. 5.) etc.

%

15 Jan

30 Jan

14 Feh- 1-Mar

16-Mar 31-Mar

15-Apr

30-Apr 15-May

Fig. 4. Created/executed tasks metric, project B.

= Registered
= In testing
= Testing done

In progress

Fig. 5. Task status breakdown metric, project B.

In project B, several conclusions can also be drawn based on
metric results:

1. Project management system is not used according to
Agile principles — backlog is not set at the beginning of
the project, most of the tasks are added during sprints;

2. Project team regularly does not update task statuses;

3. Project execution is happening according to the plan.

The first conclusion leads to the risk that the results do not show
the actual situation in the project, therefore having a possibility
of facing unpredictable problems.

C. Project Management Systems

In this case study, the results of the research described in
Section IIT were presented to stakeholders.

In project A, it was decided to use undedicated reporting
tool— Excel for testing process control. Public sector
representatives were reluctant to allocate project budget for
additional project management tool.

In project B, all interested parties agreed to use Jira project
management system as they had previous experience with it.

TABLE IV
RESULTS OF PROJECT B
Goal Question Metric Results (after the 4™
sprint)

1. To perform | l.a. Does Created/executed | Product backlog is
project plan the overall tasks not created before
execution product project start, the
control backlog system is not used

decrease according to Agile

over a principles, team does

defined not update statuses

time on a regular basis

frame?

1.b. Does Task status Most of the tasks

the project | breakdown solved (62 %)

execution

happen

according

to the plan?
2. To perform | 2.a. How Task priority 86 % low and 14 %
system quality | many high breakdown high priority tasks
monitoring priority

tasks are in

the project?
3. To evaluate | 3.a. What Average task life | Inconsistent life
effectiveness is the span expectancy of tasks,
of developers average possibly rare status

execution renewal or

time for a ineffective

task? development process
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VI. RECOMMENDATIONS AND CONCLUSION

The paper has presented the approach to metric identification
using GQM method and data retrieval by means of project
management systems. The case study has been conducted using
two different public sector projects.

In the paper, two research questions have been defined —
whether GQM method can be implemented in Agile public
sector projects and whether the results are accurate and can be
used for decision making.

GQM method has successfully been implemented in both
Agile sector projects; results have been retrieved and analyzed
in the chosen project management systems and presented to
stakeholders for further discussion. Therefore, it can be
concluded that GQM approach proposed in the paper can be
successfully used for quality control in Agile public sector
projects.

Gathered results have been accurate and raised an awareness
of stakeholders about situation in current sprint. However,
results have been accurate for a given time frame and have not
covered the whole project lifecycle. Results from metrics
should be used in management and decision making; however,
stakeholders should not completely rely on them. Therefore, the
second research question can be answered partially as the
research should be done during a longer time period.

Using GQM method in Agile projects helps understand and
monitor the main objectives of the project, direct and monitor
processes, achieve improvement goals, generate measures,
which are useful for the defined goal attainment and easy
manageable. However, there are also some GQM downsides. It
becomes difficult to apply when stakeholders have no clear
vision of the main goals of the project; selection of metrics is
mostly subjective and can be argued on, as well as GQM lacks
technological support.

The following recommendations are proposed:

e Stakeholders iteratively should review the defined
goals.

e  Metrics should evolve during the project when new
information is gathered.

e Results must be seen as an informative insight into the
project that can be used for later decision making.

The approach to metric identification and data gathering in
Agile public sector software development projects can be
improved by analyzing project results during a longer time
frame and with more than one metric identification method that
can be an objective of the further research.
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