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ABSTRACT
The use of historical data in software projects, when aligned with
quality goals and business objectives, has increasingly been recog-
nized as a strategic approach to enhancing both management and
system development. This practice relies on the analysis of collected
data, which enables the identification of opportunities and the an-
ticipation of risks. As quality processes are implemented, these data
are transformed into measures and metrics used to develop indica-
tors, allowing for continuous performance monitoring and driving
organizational improvement. In this context, this report presents
the process used for the definition, validation, and prioritization of
quality measures and indicators applied to the management and
development of software projects in a public organization. Further-
more, in this study we discuss the main challenges faced, as well as
the lessons learned and the benefits observed at the current stage
of the process of implementing this practice within the institution.

KEYWORDS
Software QualityManagement, Software Process, Quality Indicators
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1 Introduction
The use of historical data in software projects serves multiple pur-
poses: it informs planning and estimation of activity deadlines,
supports activity management and monitoring, aligns quality and
business goals, and drives improvements in communication, pro-
cesses, and development tools [14][30].

Data-driven practices have enhanced evidence-based decision-
making [38]. In addition, the systematic collection of measures,
the definition of metrics, and the development of indicators sup-
port planning, estimation, monitoring, and risk mitigation [16][20].
∗Both authors contributed equally to this research.

However, converting unprocessed data into meaningful indicators
continues to face recurring challenges, including data quality and
availability issues, as well as integration with existing tools and
workflows [37]. Furthermore, cultural barriers and limited analyti-
cal maturity hinder the effective adoption of data-driven practices
[25].

To address these challenges, recent studies have focused on defin-
ing measures or indicators to assess organizational performance
at different levels. For example, Junior et al. [22] propose a struc-
tured process to build organizational performance indicators in the
public sector, while Carvalho et al. [4] present a set of 39 software
requirements measures applied in an industrial software project us-
ing Goal-Question-Metric (GQM) framework [2][36]. These studies
demonstrate how structured approaches to defining indicators can
support more informed decision-making, both in public adminis-
tration and in software development contexts.

In this paper, we present a structured process for defining, val-
idating, and prioritizing quality indicators developed through a
research project conducted in collaboration with a public institu-
tion. The project integrated established best practices in quality
management with theoretical foundations drawn from the special-
ized literature on software metrics, measurement, and analysis.

The proposed process consisted of four main sub-processes: Def-
inition, Validation, Implementation, and Prioritization of Indicators.
This process was developed based on a literature review and an anal-
ysis of relevant ISO (International Organization for Standardization)
standards [17][18][19]. Additionally, we utilized our experience
from two similar Research, Development, and Innovation (R&D&I)
projects conducted in partnership with the software industry [4]
and the public sector [7][39]. Unlike [4], our process employs the
Data Canvas strategy [33] to systematically identify stakeholders’
needs. From the execution of this process, we derived a total of 159
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quality indicators based on 209 measures and identified eight key
lessons learned.

The remainder of this paper is organized as follows. Section 2
introduces the key concepts related to process quality in software
development. Section 3 presents related work concerning the indi-
cators in software projects. Section 4 outlines the proposed process
for defining quality indicators to support the monitoring of soft-
ware management and development processes. Section 5 presents
the main findings of the study and Section 6 presents the lessons
learned, and, finally, Section 7 presents the threats to validity, and
Section 8 presents the final considerations.

2 Theoretical Background
The theoretical background is divided into four main sections fo-
cused on software process quality, covering key concepts of soft-
ware quality, the definitions of measures, metrics, and indicators,
the software measurement process, and the methodologies used in
designing and implementing the proposed process.

2.1 Measures, Metrics, and Indicators
This subsection outlines the primary concepts that base the quan-
titative assessment of software quality: measures, metrics, and in-
dicators. A clear distinction among these concepts is essential for
establishing a systematic approach to monitoring and improving
both software products and development processes.

A measure is a quantitative value obtained directly from an
attribute of a software product, process, or resource, following pre-
defined rules with the goal of reducing uncertainty and minimizing
subjectivity in software evaluation [11][20].

The measurement process begins with data collection, which
may be carried out through automated tools or manual inspections.
The collected data is then recorded in an organized and structured
manner, ensuring traceability between the analyzed artifacts and
the corresponding measurement values.

Finally, the collected data are validated to ensure its consistency
and accuracy, thereby confirming that it reliably reflects the target
attribute [28].

A metric is a function or a relationship between two or more
measures. Metrics transform raw measures into interpretable infor-
mation, enabling analysis and comparison across time, processes, or
projects [28][34]. They typically consist of a formula or procedure
that converts collected data into standardized numerical values [11].
To ensure consistency and reliability, metrics must be clearly de-
fined to avoid ambiguities in data collection [24]. The effectiveness
of process improvement initiatives relies on the availability and
accuracy of metrics captured throughout the software development
lifecycle.

An indicator consists of a metric (or set of metrics) interpreted
within a context to support management decisions and continuous
improvement.

While metrics provide quantitative data, indicators translate
this data into contextualized information, enabling performance
assessment, trend detection and decision-making [16][20].

2.2 Software Measurement Process
The measurement process involves the collection and analysis of
data to generate indicators used for monitoring and evaluating
software attributes and their associated processes. It begins with the
establishment of measurement objectives, which clearly define the
aspects of the product or process to be assessed, ensuring alignment
with the organization’s strategic goals [20].

After that, data collection is initiated and must be conducted in a
consistent, reliable, and well-documented manner, using appropri-
ate methods to ensure the quality and integrity of the information
obtained [28]. The raw data is then processed and transformed into
relevant information, supporting the construction of quantitative
indicators that base assessment and inform decision-making [3].

Quality indicators play a fundamental role in supporting strate-
gic management and the continuous improvement of processes,
products, and projects within the context of software development.
Their use enables the systematic monitoring of activity progress,
the objective evaluation of deliverable quality, and the proactive
identification of opportunities for improvement [28].

Once specific attributes — such as effort, productivity, defect den-
sity, delivery cycle time, and customer satisfaction — are quantified,
indicators convert subjective perceptions into concrete, comparable
data that support decision-making across various organizational
levels [3][34].

Using indicators systematically selected, as recommended by
standards such as ISO/IEC 15939:2017 (Systems and Software En-
gineering — Measurement Process) [20] and maturity models like
CMMI (Capability Maturity Model Integration) [6], enables devel-
opment teams to align operational practices with the organization’s
strategic goals, as well as enhance planning, and reinforce quality
control and performance management mechanisms.

In this sense, indicators serve as essential instruments for pro-
moting transparency, guiding corrective actions, and driving the
continuous improvement of software processes.

2.3 Data Canvas
The Data Canvas is a strategic planning instrument designed to
support the creation and development of business models, whether
new or already established [26]. Within the context of project man-
agement, it plays a base role in organizing and aligning data usage
in a visual and collaborative manner, enabling its structured col-
lection and application, and fostering a culture of evidence-based
decision-making [29]. By mapping data flows in alignment with
project goals, the Data Canvas also functions as a communication
tool among the departments involved, promoting shared under-
standing and minimizing misalignments [8][10].

The Data Canvas is particularly valuable in collaborative settings
such as workshops, project kickoff meetings, and review sessions,
as it ensures that business, IT, and analytics teams develop a shared
understanding of their respective roles within the data flow. By
linking business questions to performance indicators and analytical
hypotheses, the tool enables the identification of relevant mea-
sures while eliminating low-impact or redundant indicators [5].
Furthermore, it supports the mapping of the entire data lifecycle,
by defining data sources, update frequency, and role-based respon-
sibilities.



Quality Management in the Public Sector: Definition
and Prioritization of Indicators for Assessment and Decision-Making SBQS25, Nov 04–07, 2025, São José dos Campos, SP

Among the key questions that the Data Canvas helps to address
are: What data is required to answer the business questions? Which
data sources are available? How will the data be transformed into
value? Who holds responsibility at each stage of the data manage-
ment process?

In summary, the Data Canvas is more than a technical tool, but
rather a strategic instrument for ensuring that projects are data-
driven in an efficient, ethical, and goal-oriented manner [9]. By
structuring information into nine interrelated blocks that describe
the business model and its operational dynamics, the tool facilitates
the transformation of data into informed decisions and, ultimately,
into organizational value.

3 Related Work
The literature on quality management in software projects, particu-
larly those focusing on indicators, emphasizes three critical aspects
to consider: (i) defining the purpose of measurement; (ii) ensuring
the quality of data sources; and (iii) documenting the intended uses
for each indicator [1][13]. However, literature reviews show that
many proposals remain generic and fail to explain how to opera-
tionalize data collection and consistent usage in real-world contexts
[1] [35].

Several studies have focused on defining indicators or measures
addressing different topics within the software context (e.g., Re-
quirements, Design and Implementation [27]). Others concentrate
on a specific topic (e.g., Requirements [4]) or on organizational-level
aspects [22].

For example, Carvalho et al. [4] propose 39 measures specific for
Requirements through the use of the GQM approach in an industrial
software project. In a broader context, Poornima and Suma [27]
classify metrics across Requirements, Design, and Implementation
phases, highlighting the link between process and product, but they
omit Management, Testing, and Security and do not validate the
indicators in practice.

Regarding the definition of indicators, the processes used to de-
fine them vary, ranging from empirical approaches Rashid et al. [31]
to stakeholder-driven techniques such as Canvas and checklists
Helenius [15], or to the use of other artifacts such as guides, official
documents, and manuals Junior et al. [22]. While Junior et al. [22]
present a structured process for constructing performance indica-
tors, consisting of four phases and 14 steps and serving as a practical
reference for both researchers and managers, their study focuses
on performance indicators in public administration rather than
software contexts. By comparison, Helenius [15] address institu-
tional contexts within software-related projects, proposing metrics
aligned with critical success factors using the Project Canvas [12].
Although the study focuses on measures of overall success, our
proposal categorizes indicators by operational domain. Similarly,
Rashid et al. [31] provide a catalog but do not outline any process
for selection or customization. To address this gap, our process
incorporates team-based validation and defining tailored measures.

Junior et al. [22] introduced a structured framework for design-
ing performance indicators in public administration. Their study
conducted a qualitative analysis of 39 official documents, includ-
ing government guides and manuals. The authors identified 14
methodological approaches, 43 attributes, and 20 validation criteria,

structured into four phases and 14 stages for building, assessing,
and validating performance indicators. The framework tackles chal-
lenges such as lack of standardization and unreliable data, offering
a systematic method that strengthens transparency, accountability,
and evidence-based decision-making in public management.

Most of the studies mentioned above also lack validation in real-
world settings, particularly with respect to the implementation
and practical application of the proposed indicators. To address
some of these challenges, the literature recommends using practices
such as workshops, canvases, and checklists to map data sources
and responsibilities [13][23]. It additionally advises documenting
each indicator’s formula, frequency, and origin, and testing them in
real scenarios to ensure they are interpretable and widely accepted
[13][17][18][19][32]. Nevertheless, despite these recommendations,
detailed definitions and documentation of measures, metrics, and
indicators are still scarce.

In this regard, and to address the identified gaps in validation,
documentation, and practical applicability, this study proposes a
process for defining, validating, and prioritizing indicators tailored
to institutional contexts.

4 Quality Indicators Definition Process
This section outlines the process of defining quality measures, met-
rics, and indicators used to monitor software management and
development processes. As illustrated in Figure 1, the activities’
process involve four main teams in the early stages: Quality and
Processes, responsible for defining quality indicators aligned with
the client’s needs and implementing the processes required for
data collection; Data Science, responsible for understanding the
problem, collecting data, modeling Machine Learning algorithms,
evaluating models, and generating reports; Requirements, re-
sponsible for technical decisions and processes related to project
requirements; andClient, responsible for defining the project goals,
providing domain knowledge and business context, making data
available and ensuring access to information sources.

4.1 Consulting Analysis
The first activity consisted of theAnalysis fromPrior Consulting
services in process management and quality, previously contracted
by the public institution, which had proposed a restructuring of
internal IT process management. This activity involved reviewing
the artifacts produced by the consultancy to identify the results
achieved and interpret the proposed action plan.

Initially, the defined processes were categorized into Require-
ments Management, Solution Identification and Development, and
Change Acceptance and Transition, and subsequently analyzed. How-
ever, the level of detail available in the supporting materials was
limited, which constrained the scope of the analysis and hindered a
more in-depth understanding of these processes. Subsequently, the
indicators were specified based on the control criteria established
by the COBIT 5 framework [21].

Finally, the action plan aimed at improving the internal cus-
tomer experience, increasing the effectiveness of solution delivery
by the IT department, and mitigating the gaps identified in the
mapped processes was evaluated. The identified gaps revealed de-
ficiencies related to project management, highlighting the need
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Figure 1: Process for defining the quality indicators

for investment in improving and defining specific processes. This
diagnosis reinforced the importance of reviewing existing practices
and adopting approaches aligned with organizational needs.

4.2 Data Canvas
In parallel with the Analysis from Prior Consulting, a process
was conducted to identify, analyze, and refine the set of measures,
metrics, and indicators for software development and quality man-
agement. This process was carried out through a collaborative
workshop that brought together key company stakeholders (man-
agers, developers, and business analysts) around a Data Canvas.
The workshop included representatives from various internal or-
ganizational units, such as IT Governance and Security, IT Projects
and Consulting, Systems Development, IT Infrastructure Management,
Data Intelligence, as well as business areas.

The session began with a brief presentation explaining the pur-
pose and structure of the Data Canvas Workshop. Participants
were then divided into groups composed of members from six differ-
ent organizational units. Each group was responsible for discussing
and completing the canvas based on the following sections:

• Objectives/Outcomes the organization aims to achieve in
the short and medium term. For example, “increase applica-
tion security” and/or “reduce the number of errors”;

• Strategic Questions/Decisions the organization should ask
to better understand and qualify the objectives or outcomes;

• Required Data needed to answer the strategic questions;
• Data Products that help answer the strategic questions
based on the required data;

• Internal Engagement to define actions and behaviors that
promote internal involvement and support decision-making;

• External Engagement to define actions and behaviors that
foster external involvement and build data-driven narratives.

At this initial stage, there was an open discussion about which
business decisions needed to be supported by evidence, which
information sources were available in internal systems (such as
code repositories, backlog tools, and defect databases), and which
indicators offered the greatest potential to measure key aspects of
the project, such as process efficiency, product quality, and customer
satisfaction.

The Data Canvas workshop lasted two and a half hours and
included 23 participants, 17 of whom represented the client, while
the remaining six facilitated the execution of the workshop. A total
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of four groups were formed, each consisting of approximately 5 to
6 participants.

During the workshop, the groups received support from experts,
such as Data Scientists and researchers who guided the discussions
and clarified questions regarding the completion of the canvas.
After completing the canvas, a representative from each group
presented the results of their work. Each presentation was recorded
for later use during the data compilation phase.

At the end of the workshop, four Data Canvases were produced.
Figure 2 illustrates an excerpt from a completed canvas. These
canvases were then analyzed by the Quality and Process and
Data Science teams to review the strategic questions and assess
the feasibility of defining indicators and data products that would
meet the needs of the client’s internal organizational units.

Figure 2: Sample Data Canvas for Project Planning

4.3 Definition of Quality Indicators
Figure 3 presents the activities related to the Definition of Indi-
cators subprocess.

To define quality indicators, the activity Analysis of Similar
Projects was carried out. We leveraged our previous experience
in two similar Research, Development, and Innovation (R&D&I)
projects [4][7][39] in collaboration with the software industry.

In the first project, we aimed to improve the client processes,
focusing on the areas of Requirements and Testing. Thus, we de-
fined 39 requirements [4] and 41 testing measures using the Goal-
Question-Metric (GQM) approach. In the second project, we devel-
oped a platform to support the decision-making of public managers
at a city hall [7][39]. The platform requirements were based on chal-
lenges previously identified by a Data Canvas Workshop. Based on
the canvas analysis, strategic questions were identified, and data
scientists defined the data products and outlined the process for
acquiring, processing, and analyzing the data. The goal was to ana-
lyze the data registered on the platform to answer the challenge’s
strategic questions.

We analyzed both the set of requirements and testing measures
from the first project and the data-driven approach used to address
strategic questions in the second project to provide more relevant
indicators for the current project.

Next, a technical and scientific Literature Review was con-
ducted through bibliographic research in scientific databases such
as IEEE Xplore, Scopus, and the ACM Digital Library, aiming to

identify established practices and recent innovations related to indi-
cators. The review enabled the mapping of measures and indicators
applicable to the areas of Project Management, Requirements, Testing,
Development, and Security.

Complementing this approach, the ISO/IEC standards 25022 [18],
25023 [19], and 25024 [17] were examined, detailing definitions of
quality in use, product quality, and data quality, respectively. Upon
reviewing each standard, standardized measures, formulas, and
quality attributes were identified and classified according to effec-
tiveness, efficiency, reliability, and other relevant dimensions. A
systematic comparison between these normative metrics, the indi-
cators proposed by the external consultancy, and those identified
in the literature ensured a comprehensive portfolio aligned with
international best practices.

An Analysis of the flows in the client’s systems was also
conducted to map the sequence of processes followed in the projects
of the contracting institution. The institution utilizes various issue
tracking tools; therefore, we analyzed the client’s tool workflows
as well as their methods of collection to identify relevant measures
and indicators. The tools Assyst1, ClickUp2, and Azure Boards3
were analyzed.

Initially, every client service request must start with a request
opened in the Assyst tool. This request can be created either by
a manager or a member of the technical team. Requests can be
categorized into the following types: error/failure, enhancement,
unavailability, and other types of requests. The lifecycle of a request
in Assyst includes the following status: open, pending, resolved,
closed, and canceled. Additionally, each request must include a res-
olution timeframe, which the technical team may adjust as needed.
Once a request is resolved, it is closed; if it needs to be reopened, a
new request must be created in Assyst. All requests have a history
log that captures the status transitions throughout their lifecycle,
along with other details such as the date, time, and internal organi-
zational unit of the client responsible for submitting the request.

Therefore, a request opened via Assyst is analyzed by the techni-
cal team, and if it is valid, the team incorporates it as an activity
to be added to the Sprint for the target system. This request can
generate one or more tasks in ClickUp or Azure Boards, or mapped
to any other tool used to track a Sprint’s backlog. In the case of
ClickUp, it is customized by workspaces. These can be organized by
application type (e.g., mobile) or by a specific internal organization
of the client, or even by business areas of the systems developed
by the client. Thus, the request starts via Assyst, generating one or
more tasks via ClickUp. A task that must progress from creation to
completion, following the statuses: “Open”, “In Progress”, “In Test-
ing”, “In User Acceptance Testing (UAT)”, “Pending”, “Canceled”,
“Approved”, and “Completed”, representing the entire life cycle up
to production delivery. When a task is completed via ClickUp, it
must also be completed via Assyst.

Azure Boards is another tool that can be used for Sprint track-
ing. The Analysis of Azure Boards was conducted with a focus
on its core components (Boards, Backlogs, and Sprints) to under-
stand the life cycle management of activities and identify data
collection points for project indicators. Initially, the hierarchical
1https://www.assyst.net/
2https://clickup.com/
3https://azure.microsoft.com/

https://www.assyst.net/
https://clickup.com/
https://azure.microsoft.com/
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Figure 3: Subprocess for defining quality indicators

organization of work items was examined. The tool employs dis-
tinct Work Item Types (such as Epics, Features, User Stories, and
Bugs), enabling a parent-child relationship that facilitates aggre-
gated progress tracking. The workflow is defined by the transition
of these items through customizable states that represent the team’s
process, such as New, Active, Resolved, and Closed, serving as the
foundation for measuring the flow.

The Analysis of the client’s tools enabled the precise mapping of
data collection points for the previously defined indicators, aligned
with the organization’s strategic goals, as well as the identification
of opportunities for creating new measures based on the organi-
zation’s workflow. The study provided a comprehensive and con-
tinuous view of activity progress within client tools, allowing for
full tracking of the life cycle—from task initiation to closure—and
the derivation of critical metrics such as cycle time, rejection rate,
volume of rework, and team productivity.

In parallel, the Requirements team conducted interviews with
leaders from various departments of the public institution with
the goal of performing an Analysis of the client’s needs. These
interviews aimed to gather insights regarding expectations, sug-
gestions for indicators to be analyzed, challenges identified by
participants in implementing improvements, and aspects related
to monitoring the defined indicators. All interviews were recorded
and transcribed. This material was then analyzed by the Quality
and Processes team, focusing on identifying patterns, recurring
themes, and relevant information expressed by the interviewees.

Based on this analysis, a set of strategic measures and indicators
was defined, designed to incorporate the suggestions provided, re-
flect the expectations of the different departments involved, and
address the challenges related to implementing the proposed im-
provements. Tables 1 and 2 present the recurring themes and chal-
lenges identified during the interviews with department leaders.

In the activity Identification of Measures and Derivation of
Indicators, we analyzed the artifacts by considering findings from

Table 1: Leaders’ needs

Recurring themes
Team productivity visibility
Institutionalization of diverse testing activities
Monitoring of team schedules
Identification of training needs
Client value perception
Control of the homologation and production processes
Identification of process improvements

Table 2: Challenges reported

Recurring themes
Resistance from teams to adopting processes
Management monitoring
Institutionalization of the proposed improvements

the literature review, the client’s needs, and the analysis of the sys-
tems’ workflows to identify potential measures and derive quality
indicators. We created a spreadsheet to organize these measures
and indicators.

In the initial draft, we identified 133 measures. For each measure,
four fields were described: identification (ID), description, potential
related indicator, and a review field to record the person respon-
sible for measure validation. We also included the data source for
each measure, specifying whether it was identified from previous
projects, literature, or client interviews.

In the Categorization of Indicators activity, we analyzed the
first draft of measures and indicators and decided to organize them
into five modules:Management, Requirements, Development, Testing,
and Security. We started with the testing and requirements modules,
as we identified 73 related measures. For each module, we revised
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the measures and indicators, removing all duplicates. During the
refinement process, we also derived additional indicators. To fa-
cilitate the process, a new tab was created in the spreadsheet for
each module. In this step, we added the ID for the indicator and a
description. For each module, the indicators were structured into
categories. For example, in the Testing module, six categories are
defined: Test Effort and Productivity; Fault Management; Test Cover-
age; Test Effectiveness and Efficiency; Test Automation and Testing
Process. We did not define a specific module for Process. Instead,
we incorporated measures or indicators related to processes into
other modules. For example, measures related to the testing process
are categorized under the Testing module, within a category called
Testing Process.

In the Formulation of Indicator Metrics activity, we analyzed
each indicator to define how it would be calculated, i.e., based on
the underlying metrics. Mathematical expressions were defined by
combining measures to interpret each indicator accurately. We con-
ducted the Validation and Implementation processes incrementally
for each module.

Table 3 shows examples of indicators, their related measures,
and formulas. The definition of quality indicators is general. Thus,
quality indicators can be measured at the Sprint, Release, or Project
level, depending on the measurement goal. For example, IM15 (Av-
erage Time to Homologation) can be calculated based on MM46
and MM56, where MM46 can be collected at the Sprint or Release
level. Similarly, IT27 (Rate of Successfully Executed Test Cases)
can consider manual or automated execution in its calculation, and
IR1 (Rate of Ambiguous Requirements) can consider requirements
specified as user stories or in other notations.

Furthermore, quality indicators structured into a module can
use measures from other modules in their calculation. For example,
IT10 (Percentage of functional and non-functional requirements
with automated tests in a Sprint or Release) is calculated as IT10
= (MT20/MR3)*100, where MT20 is the number of requirements
with automated test case and MR3 (from Requirements module) is
the quantity of requirements or user stories specified in a Sprint or
Release.

4.4 Validation of Quality Indicators
Figure 4 presents an overview of the four activities of the Validation
of Indicators subprocess.

Figure 4: Subprocess for validating the quality indicators

Based on the initial set of measures and indicators, an internal
validation was performed by the Quality and Processes team.

First, the Analysis of measures and indicators was conducted
to evaluate their relevance related to management decisions and
the reliability of their calculations. Additionally, the descriptions
of measures and indicators were improved to ensure clarity, and
any inconsistencies were resolved. The team also performed the
Peer review. Once a team member completed their review, another
team member performed a second review, ensuring a proper peer
review process. Next, the set of measures and indicators revised by
the Quality and Process team was analysed by a domain expert
during the Review by expert activity. For example, the measures
and indicators of the Testing Module were validated by a test expert.

Once the expert review was completed, the suggested improve-
ments were incorporated, and a first version of the measures and
indicators was delivered for prioritization by the client’s internal
teams in the Preparation of Indicators for Prioritization ac-
tivity. Thus, the Quality and Processes team organized a new
spreadsheet for each module containing three tabs:

• The first tab, titled Instructions, provides an explanation
of the spreadsheet and the module containing the target
indicators to be evaluated.

• The second tab, Measures, presented the list of measures,
each identified by an ID and a description.

• The third tab, Indicators, listed the indicators, organized by
category, ID, description, and the corresponding metric used
for calculation.

Additionally, we included a specific column to prioritize each
indicator using three levels:

• High, indicating that the indicator is essential to the plat-
form’s objectives and must be included;

• Medium, indicating that the indicator is important but not
critical; and

• Low, indicating that the indicator does not add value and
should not be included in the platform.

An optional column labeled “Observation” was included for
client’s questions or suggestions.

4.5 Prioritization of indicators
The measures and indicators were submitted for analysis and prior-
itization by the client, represented by the contracting public insti-
tution’s stakeholders. Using criteria that included each indicator’s
business value and implementation complexity, internal sessions
were held within the internal organizational units of the company
for collaborative prioritization, culminating in the selection of the
final subset of indicators.

The result was a set of indicators suitable for integration into
software management and development processes, ensuring that
the organization’s strategic decisions were supported by robust and
relevant data. The first module prioritized was the Testing mod-
ule, followed by the Management, Requirements and Development
modules. The Security module has not been prioritized yet.

5 Findings and future directions
This project resulted in a structured catalog of quality indicators,
specifically tailored to the software management and development
practices of the partner public institution. A total of 159 quality
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Table 3: Example of Quality Indicators per module

ID/Measure Category Indicator Metric (formula)

Management
MM46: Total deliveries submitted for approval Performance/

Productivity
Average Time to
Homologation

IM15 = (SUM(MM56))/MM46MM56: Time taken for a delivery to enter homologation
and reach production
Requirements
MR2: Number of requirements or user stories specified
per project

Quality of
Requirements

Rate of ambiguous
requirements

IR1 = (MR21 / MR2) * 100

MR21: Number of ambiguous requirements or user sto-
ries
MR3: Quantity of requirements or user stories specified
in a Sprint or Release
Testing
MT1: Quantity of test cases executed Test Effectiveness

and Efficiency
Rate of successfully
executed test cases

IT27 = (MT27/MT1)*100MT27: Number of test cases executed successfully
MT20: Number of requirements with automated test
cases Test Coverage % of RF and NFR

with automated tests IT10 = (MT20/MR3)*100
Development
MD5: Total time spent in feature implementation Productivity/

Efficiency
Average Feature
Delivery Time

ID10 = (MD5/MD6)MD6: Total number of features delivered

indicators, derived from 209 measures, were formally defined and
documented. Key findings from the project include:

• Indicatormodeling:As illustrated in Table 3, each indicator
was formally defined with a unique identifier, an operational
description, and a calculation formula, in accordance with
established indicator modeling guidelines.

• Indicator categorization: The indicators were categorized
into Project Management, Requirements, Development, and
Testing modules to facilitate analysis and align with the
client’s main areas of interest.

• Prioritization outcome: The partner government insti-
tution actively participated in the process by prioritizing
indicators specifically aligned with its quality monitoring
objectives.

• Tool-driven feasibility mapping: The analysis of client
tools (e.g., Assyst and ClickUp) facilitated the identification
of concrete data collection points and viable metrics.

Tables 4, 5, 6, and 7 provide an overview of the indicator cat-
egories and the number of indicators defined for each module,
demonstrating well-distributed coverage across management, re-
quirements, development, and testing aspects.

Table 4: 40 Indicators per Management Module

Category Total
Performance / Productivity 14
Planning / Monitoring 17
Cost and Effort 4
Management Process 3
Scope 2

Table 4 lists 40 management indicators organized into five cate-
gories, ensuring comprehensive coverage of project management
performance. It reflects a strong focus on operational monitoring
and project control. Table 5 presents 43 indicators focused on re-
quirements quality and traceability across the development lifecycle,
emphasizing the importance of managing changes effectively and
maintaining consistent documentation.

Table 5: 43 Indicators per Requirements Module

Category Total
Quality 2
Documentation Accuracy 9
Stability 5
Rework 3
Traceability 3
Requirements Process 10
Planning/Monitoring 6
Satisfaction 4
Documentation Completeness 1

Table 6 comprises 37 indicators that measure product reliability,
maintainability, productivity, and efficiency. It emphasizes process
optimization, code quality, and defect management. Table 7 details
39 testing indicators grouped into six categories. The emphasis is
on assessing the completeness, efficiency, and automation of test-
ing activities to ensure product reliability and continuous quality
improvement.

Future work involves completing the definition of indicators for
the Security module, which is still in progress, as well as defining
the implementation process for the indicators.
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Table 6: 37 Indicators per Development Module

Category Total
Reliability
Quality in Fault Detection and Correction 5
Product Quality - Maturity 1
Delivery effectiveness 3
Manutenibility
Quality in Fault Detection and Correction 1
Internal Code Quality 9
Quality of the Code Review Process 2
Reusability 1
Modifiability 2
Analyzability 1
Productivity / Efficiency 8
Development Process 4

Table 7: 39 Indicators per Testing Module

Category Total
Test Coverage 14
Test Effort and Productiviy 4
Failure Management 8
Test Effectiveness and Efficiency 4
Testing Process 2
Test Automation 7

6 Lessons Learned
This section presents the main lessons learned throughout the
execution of the project, based on the challenges faced and the
improvement opportunities identified while carrying out the activi-
ties.

(1) Collaboration of client teams. Throughout the process of
defining the quality indicators, there was consistent and con-
structive collaboration between the client and the contracted
teams. The client’s availability to clarify doubts through
meetings, interviews, answering surveys, and sharing of
internal meeting recordings was essential to understand
the processes and systems used by the organization. Fur-
thermore, the active participation of the client in planning
meetings, Sprint reviews, and strategic sessions greatly con-
tributed to aligning project goals and ensuring that the de-
fined indicators effectively addressed their needs.

(2) Strategic Training and institutional partnerships. The
project offered training opportunities in several areas, in-
cluding Data Quality and Software Quality, Requirements,
Testing and Processes. These sessions enhanced team’s tech-
nical skills and ensured conceptual alignment throughout
the project. They also promoted outreach activities at the
university and events linked to the Government Research
Programs, contributing to the broader goal of overcoming
the gap between academia and public administration.

(3) Unavailability of process documentation from the ex-
ternal consultancy. The absence of detailed documentation
and insufficient information regarding the processes adopted
by the external consultancy hindered a full understanding of
the preceding context and limited the integration of efforts
in the development of indicators.

(4) Limited effectiveness of the Data Canvas workshop.
The Data Canvas workshop did not produce deliverables
that effectively contributed to the project’s progression, high-
lighting the need for pre-meeting preparation to ensure pro-
ductivity.

(5) Challenges in accessing institutional tools. Difficulties
in obtaining timely access to the tools used by the public in-
stitution introduced delays in project activities and impacted
the planned timeline for conducting in-depth analyses of
actual usage flows, which limited the understanding of oper-
ational processes.

(6) Absence of a pilot project. The lack of planning and prepa-
ration of a pilot project compromised the incremental vali-
dation of the proposed approaches, limiting opportunities
for early adjustments before large-scale implementation.

(7) Misalignment in the identification of sectors within
the project scope. Although several sectors of the public
institution were initially considered, it was later identified
that only one was effectively within the project’s scope. This
scenario led to efforts being directed toward areas that were
not directly involved, highlighting the importance of early
clarification regarding the sectors to be engaged.

(8) Limited stakeholder engagement in the prioritization
of indicators. The indicator prioritization phase experi-
enced lower-than-expected stakeholder participation, which
may have affected the representativeness of the decisions and
their alignment with the organization’s specific needs, high-
lighting the importance of fostering broader engagement to
ensure shared ownership and relevance of outcomes.

7 Threats to Validity
The main threats to validity concern the sources used to define the
indicators, such as documents produced by the external consultancy
within the public institution, and the selection of non-representative
client interviewees. To mitigate these threats, we considered the ex-
perience of professionals responsible for operationalizing activities
and making decisions. We also relied on technical literature and the
analysis of relevant ISO standards (25010, 25022, 25023, and 25024)
to support the formulation of measures, metrics, and indicators.
Another threat concerns the prioritization of indicators, which was
conducted with a limited number of internal organizational units
of the company. This limitation was mitigated by selecting the or-
ganizational units that are most closely aligned with the goals of
the indicators.

8 Conclusion
This report presented the process for defining and validating quality
indicators within a public institution for over eight months. The def-
inition of the indicators involved continuous collaboration between
the Quality and Process, the Requirements and Data Science
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teams, and the client. A total of 159 quality indicators were de-
fined, based on 209 measures. To support systematic cataloging and
facilitate the client’s prioritization process, these indicators were
organized into five modules: Management, Requirements, Develop-
ment, Testing, and Security. For each module, we defined measures,
metrics, and quality indicators. Additionally, the indicators were
classified either according to quality characteristics (e.g., Maintain-
ability and Reliability) or based on project-specific categories (e.g.,
Testing, Development, or Requirements Processes). Each indicator
was documented with an identifier, description, and a correspond-
ing formula.

As future work, we intend to complete the definition of Security-
related indicators and implement the prioritized indicators for data
collection, integrated with the developed data quality platform.
This implementation will involve standardizing the client’s internal
processes to enable systematic and consistent data collection within
the data analyst pipeline.
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