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Abstract

Multiple metrics are available for agile software development (ASD), but
adapting them to changing conditions of ASD is a challenge. To be truly agile,
the metrics must be goal-oriented, flexible, and adhere to the principles of
people interactions. This paper presents the results of a multi-year action
research project conducted in different companies adopting ASD. Our
contribution describes the organizational routines and a framework (3View)
to incorporate meaningful metrics supported in three main pillars:
comparability with past projects, relevance to measuring project
expectations, and adaptability to remain valid in dynamic project conditions.
The proposed framework includes (1) a reference model to build metrics
and (2) a process model to guide practitioners. Measures of all types of
attributes in ASD can be evaluated differently, depending on the project
stakeholders and lifecycle stage. Dynamic environments require adaptive
metrics that guide the interpretation and directions for project development.
Failure to adopt these recommendations may lead to a risk of ceremonial
conformity to measurements that do not reflect practice. Our work extends
the literature on ASD metrics, expanding their role as enablers of agile
project assessment and transparent communication throughout the project
lifecycle. It explains how ASD metrics can be adapted to fit stakeholders’
perceptions while maintaining rigor and transparency in their reasoning.
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1. Introduction

Information Systems project management is constantly seeking out improvements. Becoming agile is an example,
requiring an iterative process of stakeholder interaction to develop better-quality products in turbulent environments (Beck
et al., 2001). Therefore, multiple metrics are available to establish and monitor agile project management quality (A.
Agarwal et al., 2014; Hayes et al., 2014; Kupiainen et al., 2015). For example, some authors focus on tests and quality
control (A. Agarwal et al., 2014; Janus et al., 2012), product-related metrics (Kupiainen et al., 2015; Mishra et al., 2012),
defects (di Bella et al., 2013), auditing (Scharff, 2011), or stakeholder expectations (Boerman et al., 2015). Despite the
plethora of metrics available, there are difficulties in adopting them in dynamic project management environments (such
as agile).

Quality metrics can be defined as the degree to which a system or process holds specific quality attributes (IEEE, 1998;
Kaner & Bond, 2004), and several studies have addressed this topic. However, quality metrics in the context of agile
software development (ASD) projects are still evolving (Colakoglu et al., 2021; Jamieson & Fallah, 2012; Kupiainen et al.,
2015; Mishra et al., 2012), and some authors suggest that additional research is necessary on “extensions of metrics
and analytics to accelerate best practice” (Durbin & Niederman, 2021). The dynamic principles of ASD (Beck et al., 2001)
are not aligned with the vision of ceremonial conformity, which attempts to minimize inspections that can result in
complacency, whereby descriptions of a system are not aligned with ongoing practice (Biazzo, 2005; Iden, 2012; Meyer
& Rowan, 1977). Moreover, project agility involves many factors besides mere practices or methods, for example,
stakeholder involvement and collaborative value co-creation, empowerment, team culture, and organizational factors (di
Bella et al., 2013; Li et al., 2017; Sheffield & Lemétayer, 2013).

Quality is an iterative and continuous endeavor in agile project management (Dybd & Dingseyr, 2008), focusing on
interactions between individuals and the ability to be proactive in the face of change (Beck et al., 2001; Ghobadi &
Mathiassen, 2016; Kropp & Meier, 2015). By definition, agility also relates to the ability to create change (Dyba & Dingsayr,
2008), which teams may strive to achieve in a positive, quality-centric manner. Nevertheless, current quality studies in
ASD projects do not explain in detail how critical reflections of the ASD team can be conducted using metrics. Moreover,
it is essential to combine quantitative evidence of ASD quality with qualitative assessments, the latter of which are critical
to the core principles set out in the agile manifesto (Beck et al., 2001).

Project performance indicators are extremely popular (N. Agarwal & Rathod, 2006; Heston & Phifer, 2011). Nevertheless,
Kupiainen et al. (2015) found that most metrics are non-inclusive of people which is an inherent gap given the people
over process principle embedded in agile projects pointing out that nearly 40% of the identified metrics needed to be
customized. It is surprising that “the utility and appropriateness of some of the metrics that contemporary SWQATs
[software quality assessment tools] implement are highly debatable [, requiring to] support the user in defining and
customizing the metrics used to measure software quality” (Pfeiffer & Aaen, 2024). Our literature review confirms that
process-related metrics (e.g., velocity, story-cycle time, defects removed, test coverage) and product-related metrics (e.g.,
functionality, portability, reliability, usability) are well-identified (Gruschwitz & Schlosser, 2012). The central gap is /owto
use them in practice in an integrated framework that involves people in process and product measurement in a way that
is both flexible and trustworthy.

In this research, we follow the description of ‘metric’ included in the IEEE 1061 standard (IEEE, 1998), pointing to
quantitative measurements of specific quality attributes that need to be interpreted, namely a “function whose inputs are
software data and whose output is a single numerical value that can be interpreted as the degree to which software
possesses a given attribute that affects its quality” (IEEE, 1998). However, to be socially constructed (Berger & Luckmann,
1991), metrics must be adjusted by project stakeholders, which is a challenge in minimising the risks of opportunistic
manipulation. Therefore, agile metrics are not restricted to mere observation of a fact because stakeholders must (1) have
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power to change their structure and construction during the entire project and (2) do not limit their role in comparing the
metric to an immutable and predefined goal. Therefore, two research questions are formulated for this research:

= RQ1: How do researchers and practitioners address quality assessment and improvement in ASD projects?

= RQ2: How can project development teams develop and adapt metrics during the entire lifecycle of ASD?

To answer RQ1, we survey the state-of-the-art in agile quality and investigate the outlook of experienced ASD practitioners
around quality assessment and improvement. Canonical action research (CAR) was selected to address our second
research question (RQ2), building and evaluating the proposed framework (3View) to use agile metrics in a real setting.
Our main objective is to adapt quality metrics that adhere to the core principles of ASD projects, incorporating approaches
drawn from people, process, and outcome-related sub-factors pertaining to the project and the product (e.g., software
quality and end-user satisfaction).

The following section outlines our research approach. Subsequently, we present the background literature, including a
review of 69 papers on the most relevant strategies to quality management and metrics in ASD projects. It is followed by
pilot findings of semi-structured interviews with ASD experts. Subsequently, we explain the proposed framework to design
adaptive metrics that are socially constructed and detail two complete canonical action research cycles (Susman & Evered,
1978) conducted with a leading Information Technology (IT) supplier of healthcare information systems (HIS) and a
research and technology development (RTD) institute with the mission to assist Industry 4.0 developments. The discussion
follows, and our paper closes with the main conclusions, our study’s limitations, and future research opportunities.

2. Methods

Our research commenced by conducting an extensive literature review (Kitchenham, 2004; Webster & Watson, 2002) to
address our first research question. Kitchenham (2004) and Okoli and Schabram (2010) provide a sequence of steps to
conduct comprehensive reviews, namely to (1) identify the need for the research, (2) establish a review protocol, (3)
search the literature, (4) study selection and screening, (5) assess quality, (6) extract and monitor data, (7) make a
synthesis, and (8) write the review.

The review pertaining to agile quality management and its metrics included journals and conference proceedings using
Google Scholar, EBSCOhost, Science Direct, Web of Science, and IEEE Xplore. We started with broad search terms and
progressively refined the results (Boell & Cecez-Kecmanovic, 2014), screening the titles and abstracts obtained with the
search terms “agile quality” and “quality in agile”. Using different databases is advantageous: Google Scholar has a
broader scope but presents the most extensive lists. Additionally, this provided an opportunity to iterate the “search and
acquisition circle and the wider analysis and interpretation circle” (Boell & Cecez-Kecmanovic, 2014) by comparing
databases. Subsequently, we tested a combination of related search terms, for example, "agile development" + "quality
metric"; "agile project" + "quality metric"; "agile development" + "quality monitoring"; and "quality improvement" + "agile
practice". We also performed citation analysis (Webster & Watson, 2002) to identify related works and tested keywords
related to our study, namely "agile software development" + "composite metrics". Papers that did not address quality
assessment or improvement within ASD contexts and practices were excluded. We did not include books, non-English
papers, tool presentations, editorials, posters, patents, keynotes, or panel conclusions. A total of 69 papers were reviewed.
The most essential concepts in the literature include quality assessment in agile and agile practices for quality
improvement. We subsequently identified units of analysis within each concept: (1) quality assessment in agile included
process, outcome, and metrics in the form of evidence, goals, and quality indices; and (2) agile practices for quality
improvement included stakeholders’ interaction within agile projects and the benefits and pitfalls of agile practices for
quality improvement.

Secondly, exploratory qualitative interviews (Myers & Newman, 2007) were completed in two geographically dispersed
organizations (Portugal and Australia). The goal was to identify how metrics are used in practice, ascertain quality
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assessment difficulties, and obtain initial insights for improving metrics. We created a script for semi-structured interview
sessions, including questions for (1) company identification, (2) experience and practices of agile, (3) forms of measuring
quality, (4) metrics, (5) improving agile quality, and (6) expectations for a new framework for agile quality. The authors
conducted in-depth interviews, averaging two hours. Afterward, answers were discussed with interviewees and
subsequently compared with findings across literature to help generate rich data (Schultze & Avital, 2011) and insights
for further development.

Thirdly, the canonical form of action research was followed with a dual aim (McKay & Marshall, 2001; Susman & Evered,
1978) of creating the 3View framework to implement agile quality management using adaptive metrics and solving
concrete organizational problems in two organizations. Action research is conducted “collaboratively in an immediate
situation using data feedback in a cyclical process” (Hult & Lennung, 1980). Canonical action research (CAR) is one of
the most popular and well-documented (Davison et al., 2004), evolving in cycles with five phases (Davison et al., 2004;
Susman & Evered, 1978):

= Diagnosing, identifying, or defining the situation in collaboration between researchers and practitioners. The
project participants evaluate the phenomenon and formulate a hypothesis for the subsequent phases;

= Action planning, deciding possible courses of action to improve the situation;

= Action taking, implementing the selected course of action, and trying to generate improvements in the
organization;

= Evaluating actions involving a critical joint reflection by the research team;

= Specifying learning and establishing the contribution to the body of knowledge.

According to Eden and Huxham (1996), action research results must be transferable to other contexts and not be restricted
to solving the case company’s problem. Moreover, theory must be produced and guide the development of possible tools
or methods, as planned in our work. The principles suggested by Davison et al. (2004) were used to evaluate our research:
Principle of the Researcher-Client Agreement; Principle of the Cyclical Process Model; Principle of Theory; Principle of
Change through Action; and Principle of Learning through Reflection.

The research team considered alternatives to CAR, namely design science research (Hevner & Chatterjee, 2010), which
is particularly suited for developing innovative artifacts. However, the primary focus of our work was the analysis of the
social setting. Moreover, this approach has also recently been used and verified in the context of agile software
development (Kuciapski & Marcinkowski, 2023). The opportunity to collaborate closely with the practitioners in ongoing
ASD projects, studying changes introduced by the 3View, was an additional motivation to select CAR.

Two organizations participated in our action research. The HIS company puts quality management at the top of its
priorities. Their global presence increases pressure for short development cycles and immediate feedback to their
customers and partners. The RTD institute is the second case that we address. It is an interface institution created to
support the ceramic and glass industries. In recent years, Industry 4.0 has been one of the sector's priorities, requiring
innovative software developments for production and quality. The institute has private and public associates, and the
software development team adopts agile. These organizations were selected due to the need to comply with quality
standards and receive regular audits from customers and third-party assessors, their ASD practices focusing on several
projects evolving in parallel, and their motivation to test a new framework developed in collaboration by researchers and
practitioners.

CAR cycles may be conducted in parallel, with benefits for case comparison, or as a sequence, when one cycle
complements or extends the previous one, as in our study. The first cycle started due to the challenges of the HIS quality
manager in their audits and the commitment of their team to ASD practices. The lack of documentation was a problem,
and KPIs were usually available later in the development lifecycle. It was also the starting point for the literature review to
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understand the research landscape of ASD metrics and approaches for their adoption in practice. However, the team's
access to details about their projects was limited due to confidentiality reasons. The first cycle was sufficient to propose a
reference model. Still, it lacked the details of continuous work with the ASD practitioners, which was possible in the second
cycle with the RTD institute. The initial findings of our work were published in top conference publications, ICIS and ACIS
(Barata & Coyle, 2016; Coyle & Barata, 2016), and substantially extended and improved for journal publication. Additional
details about the settings in both companies are presented in section 5.1, explaining the diagnosis phase of our CAR.

3. Literature review

3. 1. Quality assessment in agile

There is a long tradition of studying metrics for ASD, but it is also recognized that practitioners’ guidance is still
underdeveloped (Maddox & Walker, 2021). Different approaches have been used for their selection. It is possible to import
metrics from traditional software development (TSD) approaches (Concas et al., 2012). A recent study based on four case
studies suggests templates and guidelines for KPI development, although recommending a top-down approach for the
implementation (Fatima et al., 2024). Still, some authors argue that TSD metrics are insufficient to evaluate progress in
an iteration, releases, or feature correction rates (Mishra et al., 2012). Other authors propose a combination of TSD and
agile-specific metrics (Padmini et al., 2015). The number of metrics in the literature exceeds 130 (Maddox & Walker,
2021). For example, Kupiainen et al. (2015) found 89, most quantitative and related to lead time, defects, velocity, cycle
times, and burndown/burnup, among others. They are used for “Sprint and Project Planning, Sprint and Project Progress
Tracking, Understanding and Improving Quality, Fixing Software Process Problems, and Motivating People” (Kupiainen et
al., 2015). Interestingly, these authors found that many ASD teams customize metrics (almost 40%), and most relate to
outcomes and process. More recently, Natarajan and Pichai (2024) suggest a tailored framework with eight ASD metrics,
particularly aiming at the process and product levels of analysis, suggesting a continuous refinement. Surprisingly, people-
centric metrics are not a priority in the literature.

Several factors are crucial to evaluate the quality of an ASD project: people (Begier, 2010; Fernandez-Sanz & Misra, 2011;
Ghobadi & Mathiassen, 2016), process (Hayes et al., 2014; Kupiainen et al., 2015), product (Kupiainen et al., 2015),
and outcome (N. Agarwal & Rathod, 2006). The Capability Maturity Model Integration (CMMI) embodied the argument
that “the quality of a system or product is highly influenced by the quality of the process used to develop and maintain it”
(CMMI, 2010). Metrics in ASD have also been studied for product evaluation (Kupiainen et al., 2015; Mishra et al., 2012),
testing (A. Agarwal et al., 2014, Janus et al., 2012), and software defects (di Bella et al., 2013). Nevertheless, meeting
stakeholder expectations is also essential, and research confirms that a comprehensive framework to evaluate quality in
ASD supported by meaningful metrics is necessary. While many studies present the metrics that can be used (Kupiainen
et al., 2015; Maddox & Walker, 2021) and their integration as a pillar of evidence-based quality awareness in ASD teams
(Karhapaa et al., 2024), the gap found in the literature is the question of “how to use them” in adherence to agile
principles.

There are important quality measures for the outcome and process of ASD. For example, one of the few examples that
address the transition from TSD to ASD is presented by Olszewska et al. (2016), who explain significant changes when
shifting from a “plan-driven” way of working to agile. Product and process quality were the focus of Rauch et al. (2008)
and Gruschwitz and Schlosser (2012), while Bansiya and Davis (2002) proposed an integrated index. Their model includes
product-related attributes such as (among others) effectiveness, extendibility, reusability, or flexibility (Bansiya & Davis,
2002) and defines properties that can affect the attributes (e.g., complexity), defining weights for each one and its influence
on each attribute. For example, higher complexity reduces understandability. Additionally, the model includes design
metrics (e.g., number of methods) and required components. As before, these metrics are also quantitative, and it is now
known that agile practices have social implications for the team (Koch et al., 2023). For example, the works of Alami et
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al. (2022) and Machuca-Villegas et al. (2021) conclude that commitment is one of the most relevant human factors in
productivity assessment and the achievement of technical excellence, the ninth principle of the agile manifesto.

Agile quality has several challenges (Alsagaf et al., 2019); metric selection is only part of the problem (Kaklim & Pirta,
2018). Is it reliable even when data is available, and are we using it correctly? A study by Ram et al. (2018) identified 132
metrics, most of which were for process and product—for example, velocity, development speed, testing performance, or
estimation accuracy. The authors found three main challenges for metric adoption, namely, (1) lack of data or tools to
produce it, (2) changes in the process to produce required data for metrics, and (3) “lack of actionable input” or the
difficulty in using metrics for decision making. Moreover, “for highly iterative or agile systems, the metrics will not remain
effective forever [... with practical limitations] throughout several software iterations as the software matures and the
dynamic nature of the software development process subsides”. Challenges in information quality, team, or practices are
well-known causes of failure in ASD estimations, and few studies exist to support practitioners in the estimation efforts.
New solutions for the effective use of metrics are therefore needed.

Stakeholder interaction in ASD is important to understand the impact of improvement actions and the acquisition and
sharing of tacit knowledge (Ryan & O’Connor, 2013) during communication and the implementation of agile practices
(Hummel et al., 2015). More “social metrics” like “team capabilities” or “user involvement” are needed to assess and
improve quality in ASD. These metrics can address people’s behavior and assess communications or aspects of
interactions (Dorairaj et al., 2012; Gren et al., 2015; Ibrahim et al., 2010; Wiese et al., 2014). Examples include technology
awareness and customer collaboration, empowerment, personal skills, or motivation (di Bella et al., 2013; Tseng & Lin,
2011). Several years ago it was stated that “[t]here is an obvious need for more scientific evidence and further research
to understand the requirements of agile quality [operating] in different cultural and social contexts” (Siakas & Siakas,
2007), but companies are still looking for an integrated solution for agile quality management (Jain et al., 2016).

Quality in ASD is a continuous endeavor from the early phases (such as requirements identification and risk analysis),
during the development, and after the software delivery. However, metrics do not have the same importance in each phase
of the development process (Almeida & Carneiro, 2023), and “more work is needed to reach the point where a maturity
model with quantitative data can be said to validly measure agility, and even then, such a measurement still needs to
include some deeper analysis with cultural and contextual items” (Gren et al., 2015).

3.2, Agile practices for quality management and improvement

Quality management includes social and technical aspects. A vigorous quality culture is based on customer focus,
evidence-based decisions, the involvement of people, and continuous improvement, which is aligned with agile (Stalhane
& Hanssen, 2008). For example, the belief in continuous improvement is rooted in retrospective meetings (Babb et al.,
2014; McHugh et al., 2012). In highly regulated projects, however, different quality standards and improvement
frameworks (like 1ISO 9001 or ITIL) are adopted in agile environments (Torrecilla-Salinas et al., 2019). For example,
Stalhane and Hanssen (2008) highlight documentation difficulties when combining agile and ISO 9001. There exists an
inherent tension between growing pressures to adopt agile while simultaneously and harmoniously trying to align such
explorative agile practices with highly regulated, often quantitatively focused practices.

There are essential approaches for integrating quality in agile practices. For example, the model presented by Hongying
and Cheng (2011) includes 20 key areas for quality assurance in ASD. They identify best practices for each area and a
maturity model. The 3C proposal combines metrics and continuous integration (Janus et al., 2012), while Sidky et al.
(2007) propose two components for agile quality, namely, (1) an agile adoption index for the principles of “Embrace
change to deliver customer value”, “Plan and deliver software frequently”, “Human centric”, “Technical excellence”, and
“Customer collaboration”, and (2) an agile adoption process starting with the identification of factors that can prevent
agile success, conduct a project and organizational readiness assessment, and reconciliation to ensure that the required
practices are implemented for the project.
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End-user feedback can be obtained in different phases of the ASD lifecycle (Hayes et al., 2014). In addition, Baxter and
Sommerville (2011) support that the product owner “needs to be extended to consider a broader set of system
stakeholders”. Nevertheless, ASD and traditional approaches are dissimilar: “the traditional approach of tracking progress
against a pre-made plan and measurable goals conflicts with the Agile value of embracing the change [... and its] rather
comprehensive set of metrics, which does not align well with the Agile principle of simplicity” (Kupiainen et al., 2015).
Research has indicated that when comparing a “waterfall” process to “agile”, development performance and product
quality are far superior in agile (Tarhan & Yilmaz, 2014), highlighting attempts by agile methodologies to embed quality
efforts into processes that are iteratively evaluated.

Agile methodologies may improve quality (Boerman et al., 2015; Jamieson & Fallah, 2012; Torrecilla-Salinas et al., 2019).
However, there are different views of quality to consider: (1) quality as excellence, usually requiring a standard; (2) quality
as value, including the cost-benefit analysis of quality; (3) quality as conformance with specifications; and (4) quality as
meeting or exceeding the expectations of stakeholders. In ASD, “quality as conformance” addresses software quality
metrics and requirements satisfaction. However, there are also quality principles and standards (“quality as excellence”)
and the potential benefits provided by utilizing agile techniques (“quality as value”). Nevertheless, as Kaner and Bond
(2004) stated, “there are too many simplistic metrics that do not capture the essence of whatever it is that they are
supposed to measure.” They are also used “after the fact” and are difficult to apply in iterative and adaptive environments.

Retrospective meetings are an essential ASD practice, pushing continuous improvement. However, development pressures
can make this task difficult in practice (Babb et al., 2014; McHugh et al., 2011). Artifacts and guiding steps for
retrospective meetings have advantages (Péraire & Sedano, 2014), supporting the reflection about previous iterations and
future practices. For example, dashboards can be a valuable tool to present metrics to ASD teams (Boon et al., 2023).
Hayes et al. (2014) emphasize quality practices in the early project phases and the potential for the later stages to include
documenting and user stories. Quality concerns appear in the early stages of agile projects, proceed in the complete
documentation of user stories, and “can be supplemented with a more direct measure of customer-perceived value—using
customer satisfaction feedback” (Hayes et al., 2014). There is a need to incorporate adaptive quality practices with
traditional techniques that are relevant and suitable for ASD projects (Salo & Abrahamsson, 2007). Fig. 1 presents the
main quality touchpoints in ASD.

Formal
Qualification
Testing

TestCases Feedback Integration
Usedduring During Sprint and/or System
Development Demo Testing

Feedback from
Field Use

Release
Retrospective

Done Criteria

ina User Story

Fig. 1. Important touch-points for quality in agile projects (adapted from Hayes et al. (2014))

As Baxter and Sommerville (2011) put it, it is necessary to extend the notion of requirements ownership to multiple
stakeholders in ASD. Moreover, constant pressures can make reflection and analysis difficult (Babb et al., 2014; McHugh
et al., 2011), and ASD projects present different challenges when compared to traditional approaches, namely, “the
traditional approach of tracking progress against a pre-made plan and measurable goals conflicts with the Agile value of
embracing the change [... and its] rather comprehensive set of metrics, which does not align well with the Agile principle
of simplicity” (Kupiainen et al., 2015). Measuring defects or functionality issues is insufficient in agile projects (Hayes et
al., 2014).
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Backlogs and quantitative metrics are essential for assessing past projects or tasks, but are limited in supporting a
proactive stance or efforts for continuous improvements. In fact, in “an ever-changing world, such an approach [methods
that only focus on analysing and evaluating past actions] bears the risk of producing pictures of a moving target without
providing a substantial orientation for change” (van der Aalst et al., 2018). Moreover, agile teams must be able to
autonomously interpret metrics and use them in ongoing decision-making processes. In ASD projects, there are daily
opportunities to do this due to intense stakeholder interactions among developers, facilitators, testers, and end-user
representatives. Ghobadi and Mathiassen (2016) suggest this approach when addressing knowledge-sharing barriers in
agile projects and stress that different roles must be considered to overcome communication gaps and promote a common
understanding in the team. Despite this, we could not find any literature guidelines for fostering quality assessment and
evaluation techniques in ASD projects that incorporate ongoing qualitative criteria with quantitative measures such as
defects, velocity, or cycle time.

4, Preparing a frame of reference for action research: pilot interviews
The research team conducted semi-structured interviews (Myers & Newman, 2007) in two organizations (anonymized)
adopting ASD, selected from our contacts list. The HIS company indicated an interest in improving its quality metrics, and

the consulting company had extensive experience in delivering agile projects. The case companies are presented in Table
1.

Table 1. Qualitative interviews

HIS company Consulting company
Industry Healthcare Information Systems Software Consultancy
Employees 60 230
Inferviewee Quality manager Senior Developer
Agile practices Scrum Scrum; Kanban
Quality ISO 9001:2015; NP 4457 for innovation None specified
Standards management; multiple healthcare standards

The HIS company is a European software provider of healthcare for hospitals and clinics, founded more than 30 years
ago. They serve over 100.000 users and 25 million clinical processes. When we interviewed their quality manager, she
was preparing the external audit for ISO 9001. According to the quality manager, the company “has numerous indicators;
however, only a few are valid for agile quality”. Sometimes, “the numbers are highly dependent on the context and must
be carefully interpreted”. In other cases, “[she] does not think it fair to establish goals, for example, regarding the number
of defects or features implemented; these metrics depend on multiple factors”. Agile quality is challenging because “40%
of our major customers [representing 80% of the income] require quality indicators and evidence for each iteration, due
to the critical nature of healthcare IT".

A lack of suitable implementation of retrospectives contributed to “difficulties in creating improvement on our project and
without appropriate communications we are not sharing the knowledge which is a critical aspect of our business due to
the complexity of product lines”. The interviewee also pointed to the importance of being able to change metrics for each
project or team in an “agile way”. Quality metrics can be used to build appealing dashboards, “but we need to assess
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and improve quality [...not] metrics that do not correspond with practice”. Even worse, “template” metrics “and unrealistic
goals can reduce the team’s commitment to quality during agile projects”.

Interestingly, when discussing social metrics, the answer was that: “in my previous work, our motivation was evaluated
by top managers on a quantitative scale ranging from 1 to 5... How could they know my motivation or the factors affecting
it? | hated to be evaluated that way”. When we asked how user intervention might assist in constructing metrics, she stated
how “this would be a very useful, inclusive approach and has the potential to address our main issues of knowledge
sharing, obtaining quality evidence for our team and external audits, re-invigorating our retrospectives, providing support
for weekly meetings and customer request, and “provide meaning” to our agile numbers, according to the team’s
perspective”.

Founded fifteen years ago, the Consulting company is a geographically dispersed firm that helps clients develop innovative
software projects. Our interviewee has over eight years of experience working on ASD projects across many sectors in the
consulting industry and stated that when it comes to measuring quality in agile, “the biggest and most important test is
what the user thinks”, highlighting the importance of user involvement in quality evaluation. In particular, this research
participant described three quality metrics. The first relates to setting benchmarks for quality at the start of the project,
which is “extremely difficult to do when you have nothing to compare it to”, but in his opinion, “mature teams (in
performing stages) are much better at doing this”. The second relates to “comparison exercises that we do; so we compare
the latest increment against the previous one”, and finally, “our centralized continuous integration server runs automated
tests, which is a very good way of measuring software quality”. However, the interviewee stressed that “even when each
of those metrics shows us very positive results, if the user is not happy, then we still have not reached our quality pinnacle”.
This shows that quantitative-driven assessments alone are not complete quality indicators for agile projects.

When we asked about social metrics, they “could see this making a lot of sense and a huge difference for our agile
projects, but then...how we apply those metrics in the context of teams during storming or norming stages is the challenge
because these teams often have misaligned observations for quality assessment”. This highlights the challenges of our
research effort, but also the importance and benefits of including adaptive metrics for assessing quality in ASD teams
while simultaneously raising quality awareness.

5. Implementing agile quality management: insights from action research

This section follows the steps proposed by Susman and Evered (1978). Next, we describe the starting point in each case
and the action plan, followed by field results. The action research evaluation in section 5.3 alludes to the guiding principles
proposed by Davison et al. (2004).

5. 1. Diagnosing and action planning

The diagnosis in the HIS company included the interview with the quality manager described in Section 4, document
collection, and meetings with the IT infrastructure manager. Our literature review proceeded throughout the research to
identify best practices for ascertaining quality and metrics (Section 3).

The cycle in the RTD institute started one year later, and the first version of the framework was already available. We
interviewed a small team of three software developers and a manager of the software development unit. The context of
this case is radically different because software development is only one of the priority areas in the case organization
(which also includes laboratories, management consulting, and research and development, with several ongoing European
co-funded projects). Only a few metrics exist, and according to the most senior software developer, “we have a vast
background in using the balanced scorecard, risk-based thinking, and agile metrics; however, measurements are only one
part of the equation (...) how do you use them to improve our work? Who evaluates what is good or not — in some cases,
she adds, the people who look at the metrics do not understand the numbers. What are the consequences - especially if
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only some of us are contributing to the results?”. Moreover, the team told us that it was challenging to keep their quality
platforms updated (project documentation, version control, customers’ meetings), so they prefer only a few metrics but
“with a script that allows others to read them properly and produce real results”.

The first CAR cycle (CAR#1) with the HIS company included the activities of model creation for metrics adaptation,
identification of measures that could be applied for each metric type (people, process, outcome), and defining how metrics
should be calculated. According to three dimensions of (1) evidence from practice, (2) stakeholders’ expectations, and (3)
stakeholders’ evaluation, a valuable tool for daily meetings, retrospectives, and audits can be developed.

The limitations found in the first cycle were a starting point for planning the next. It was also an opportunity to test and
refine the proposed framework in a different setting. Secondly, we wanted to include other stakeholders in our study (as
the first cycle only involved the researchers and the selected company managers), namely, auditors, partners, and
customers. Therefore, the second CAR cycle (CAR#2) with the RTD institute started one year later, when the first version
of the 3View framework had already been created. Our action plan in this case was to:

= Evaluate the 3View framework in different settings with other types of software products and organizational
structures;

= Produce data that organizations can use to (self-) evaluate their quality in ASD and the efficacy of improvement
actions by comparing how the indicators change over time;

= |nvestigate the changes (e.g., knowledge transfer, team motivation) involved in adopting the metric in daily
meetings, retrospectives, and audits.

5.2. Action taking: a collaborative framework for agile quality management

The next section presents the final version of the proposed 3View framework, followed by a description of its development
in CAR#1 (5.2.2) and CAR#2 (5.2.3).

521 The 3View framework for agile quality management

For our research, a metric is socially constructed when stakeholders can alter its structure and critically evaluate its results.
In this context, stakeholders’ perceptions are innate to metric construction. Unlike traditional approaches, which compare
against predefined goals (e.g., number of defects below X% when compared to lines of code), stakeholders are not
extracted from the process or only included at the end. They are involved in metric construction.

Two main artifacts were created to support the practitioners in 3View adoption, namely, (1) a reference model explaining
the quantitative assessment and (2) a process model. The 3View reference model includes three dimensions in adaptive
metrics for ASD, namely (1) evidence from practice, (2) stakeholders’ expectations, and (3) stakeholders’ evaluation. It is
non-prescriptive about the types of measures that can be socially constructed. Therefore, it may potentially apply to any
measurement selected by agile teams. Quantitative data must be enriched with contextual and cultural issues (Gren et
al., 2015). On the one hand, we follow numerous authors (Bansiya & Davis, 2002; Janus et al., 2012; Sidky et al., 2007)
in the quest to obtain metrics for quality assessment as an essential step of ASD quality improvement. On the other hand,
we show how to assess and discuss improvements in ASD projects simultaneously. Metric construction should be a
moment of critical reflection in ASD teams (Hodgson & Briand, 2013) and can potentially increase team commitment in
ascertaining quality.

The insights obtained in our literature review, pilot interviews, and the CAR action suggest that a comprehensive
assessment of agile quality requires three main types of metrics, represented to the left of Fig. 2, people-oriented, process-
oriented, and outcome-oriented, summarizing the 3View reference model. Fig. 3 depicts the process.

© [JISPM | ISSN:2182-7788 | ijispm.sciencesphere.org 10


http://www.sciencesphere.org/ijispm

International Journal of Information Systems and Project Management (IJISPM)
2026, 14(4), e140402, DOI: 10.12821/ijispm 140402

People Process Outcome
* Wweight E1 (3.1) I Evidence E1 (3,1) |
Indicator (1,1) Indicator (2,1) Indicator (3,1) Welght £2 G 1) I Expectations E2 (3,1) |
A Weight E3 G.1) | Evaluation E3 (3,1) |
Indicator (1,n) Indicator (2,x) Indicator (3,z)
Metric type Metric dimensions

Fig. 2. The 3View reference model
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Fig. 3. The 3View process model

The process starts with stakeholders selecting the indicators (step 1). Identifying specific indicators for use in each type is
outside the scope of this research. The creation of adaptive metrics occurs in step 2. Each one is weighted according to
the three dimensions of (E1) evidence, (E2) expectations, and (E3) evaluation. The resulting value for the indicator is a
weighted average (step 3). It will include a comparison with past results to identify if improvement occurred (E1), with the
expected result according to the stakeholders’ initial plan (E2), and a critical analysis performed by the agile team (E3).
The reasons for grading need to be recorded, and a database of metrics, or “metadata,” about the assessment and the
decisions taken needs to be created.

These steps aim to sketch a pattern for action to encourage a reference framework for a metrics program (Oza & Korkala,
2012). Nevertheless, “it is not sufficient to merely collect all possible metrics, but driving the culture of continuous
measurement is imperative” (Oza & Korkala, 2012). Socially-constructed metrics integrate project evidence or a
comparison with predetermined goals while adding context-bound interpretation, critical reflection, and evaluation provided
by the stakeholders. The project participants decide the weights of each dimension (W1 to W3). Each weight can vary from
0 to 1, and the three weights total (W1+W2+W3) must be calculated.

Fig. 4 presents an example of grading an indicator of “customer complaints” during an ASD project.
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Evidence (E1)

» (e.g. 4 complaints: a reduction
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previous project)

100

(100% * 0,2) = 20%

Agile Indicator
(e.g. end-user
complaints)

Expectation (E2)

(e.g. the goal is less than 3)

weight W1 (e.g., W1=0,2)

Evaluation (E3)
(result of a debate by
stakeholders)

1. Define indicators for
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2. Measure: Evidence,
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50

weight W3 (e.g., W3=0,5)

3. Obtain the weighted average of the measures
according to the established weights for each

measure type

(50% * 0,5) = 25%

4. Discuss and implement
actions

Fig. 4. Example of an adaptive metric for customer complaints

In the case we illustrate in Fig. 4, the team considered that complaints are highly variable according to multiple factors,
including the project type. Therefore, they decided that for the weights W1 (evidence) = 0.2; W2 (expectation) = 0.3; and
W3 (evaluation) = 0.5, the result would be evidence (100%*0.2) + expectation (0%*0.3) + evaluation (50%*0.5) = 45% as
represented. We used the suggestions in Table 2 to weigh the dimensions of each selected indicator, while Table 3
describes evaluation guidelines.

Table 2. Three dimensions of adaptive metrics for ASD and guidelines for weighting

Definition

Potential ways to consider
weightings

How it was calculated in Fig. 4

Evidence

Expectations

Evaluation

Quality is based on facts.
Evidence represents the
indicator’s practical
improvement compared to the
backlog.

In agile development, there are
goals to achieve. These include
technical goals (e.g., reducing
defects), social goals (e.g.,
improving motivation), and
others.

Agile quality requires reflection
and debate (e.g., about the
meaning of the data) and the

identification of lessons learned.

The weight can be higher if the
indicator is not significantly
affected by uncontrolled
aspects.

The weight can be higher if
stakeholders’ decisions mainly
influence the indicator.

The weight can be higher if the
indicator is not consensual or
highly variable according to
external factors.

According to the indicator's history, if the
current project has 4 complaints and the
previous 5, then the indicator is 100%
(improvement occurred).

The team defines less than 3 complaints
as a goal. In this case, it was above (4), so
the expectation indicator would have the
value “0%" (did not improve). We use 3
grades (success 100%, more or less 50%,
unsuccessful 0%), but it could be a
continuous scale.

The team agrees that the end-user was
difficult, so 4 complaints in this case are a
success (the reverse could also occur).
However, they agree that improvement is
necessary. They allocate 50% to
evaluation.
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Table 3. How to calculate the dimensions of each Indicator

0 (regression) 50 (no improvement) 100 (clear improvement)
Evidence Worse than the last measurement Similar to the previous result  Better than the previous measurement
Expectations  Below expectations Within expectations Better than expected
Evaluation Negative opinion Neutral opinion Positive opinion

Combining the three forms of grading that need to be justified by the team, we reach a balanced index that includes
evidence comparing past results of similar projects, conformance to expectations (goals), and ensures debate and critical
evaluation of the results. Moreover, it is participative, aiming to build adaptive metrics that can be tailored in the early
phases of ASD. These are helpful during project execution and provide valuable insights for retrospectives.

5.3. Results in CAR#1

The 3View framework introduced in Section 5.2.1 was initially tested during this cycle. Therefore, our priorities were
designing the weighting reference model, building and creating tools to adopt it in practice, and evaluating its applicability.
Figs. 5-7 present the tool developed for adopting 3View in practice.

People
Costumer Team Improvement
Satisfaction Satisfaction Suggestions (Internal)
Evidence @ 100 "] 0 ] 0
Expectation @ 100 O 50 50
Evaluation @ 100 O 50 () 100
Total (0-100) @ 100 O 40 @) 60
Comments Implementation failures
Improvement
Actions Contest of ideas

Fig. 5. Agile metrics — template for people (corrective actions omitted for the sake of simplicity)

Process

Automated Tests Open % Incidents - Schedule
Success Rate Incidents Expired Due date Eficacy
Evidence () 50 @ 100 @® 100 @ 100
Expectation () 50 @ 100 @ 100 @ 100
Evaluation @ 0 O 50 50 @ 100
Total (0-100) () 50 ® 95 ® 9 O 100

Comments Holydays decrese number of incidents

Fig. 6. Agile metrics - template for process
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QOutcome
Implemented Critical defects % Improvement
Features Failed Features sent by customer Features
Evidence Ah 50 ¥ 50 A 100 dh 100
Expectation ft 50 ¥ 50 100 = 50
Evaluation {8 50 A 100 ¥ 50 = 50
Total (0-100) | 50 70 90 75

Lacking complete Few updates sent to Holydays decrese
Comments information customers requests (increase %

Fig. 7. Agile metrics — template for outcome

The initial problems appeared when we needed to select indicators for agile quality. The research team established the
rule that each type of metric should have at least one indicator. Then, the team proposed weights for the dimensions of
evidence, expectation, and evaluation for each one.

Figs. 5-7 include tables created to assess our agile metrics. We selected three for people (the team provided the columns:
customer satisfaction, team satisfaction improvement, suggestions (internal)), four indicators for the process (Fig. 6), and
another four concerning outcome (Fig. 7). The aggregated result of each adaptive metric (line Total ranging from 0 to 100)
in each figure is a weighted average. For example, for “customer satisfaction” in Fig. 5 (column 1), evidence is weighted
0.5, expectation 0.2, and evaluation 0.3. We decided not to use a continuous scale to simplify evaluation. Therefore, each
dimension can have a measure of 100 (clear improvement), 50 (no improvement), and O (regression). The project
participants can comment on the results and propose actions that remain in the table if they are active. Proposing new
metrics is out of the scope of our study; our proposal is a new way to evaluate them in a three-dimensional space.

On analyzing the “process” metric in Fig. 6, indicators relating to “Open Incidents” and “% Incidents - expired due date”;
initially, there was a decrease in both indicators for the last week (“100” for evidence), and it was clearly below their
established target (“100” for expectations). Still, the team highlighted that customer holidays usually have fewer incidents,
so their number and percentage allocations are not justifiably comparable with other periods. They considered this as
“normal” but not excellent, the latter of which would be interpreted if we only looked at the quantitative value compared
to a pre-determined target. Outcome-related metrics (Fig. 7) are also insightful. For example, on initial inspection, “failed
features” presented worrying results, but the reason attributed to this was external to the team (problems in information
completeness).

Another example is “critical defects sent by customers” that improved compared to the target (expectation) and past
values (evidence), but the team attributed this to a reduction in system updates. Finally, the “% of improvement features”
increased compared to previous periods (“100” in evidence) while still not on target (“50" in expectations). The percentage
increased because the total number of features decreased, making the number of improvements more significant in that
situation.

This cycle was a starting point, but understanding the changes in different settings was necessary. The company auditors
were enthusiastic about this proposal because it could provide evidence of improvement and individuals’ commitment to
improvement. The next cycle allowed tool testing over several months with a deeper evaluation of the internal and external
effects on the organization.

531 Results in CAR#2

The artifacts created in CAR#1 were used from the beginning of our intervention in the RTD institute (CAR#2). The company
selected two ASD projects. The team decided to adopt the same indicators and weighting formula of CAR#1 to simplify
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the cycle initiation in practice, and were eager to ascertain whether the selected indicators were also applicable to them.
One of the projects was the implementation of mobile platforms in a food company (A), and the other (B), also mobile, in
a paper manufacturing company (apps for manufacturing). The projects are summarized in Table 4.

Table 4. ASD projects

Project A Project B

Industry Food Paper

Goal Mobile applications for document management and quality Mobile applications for
control in food production lines: mobile audit tool for IFS and  production, maintenance, and
BRC standard (BRC, 2015; IFS, 2012) quality data

Team 3 (6 months) 4 (12 months)

Agile practices Scrum Scrum

Fig. 8 presents an excerpt of the results obtained for “Project A" during four sprints.

People Process Outcome
Critical
Fi t Automated Incidents -
Costumer Team mprave'm n uroma Open % r?cl n Schedule Implemented Failed defects
Suggestions  Tests Expired Due Improvement

Eficacy Features Features sent by
customer

Satisfaction Satisfaction Incidents date

(Internal) Success Rate Features

Evidence
Expectati
IP s1 Xpec .on
Evaluation
Total (0-100)
Evidence
Expectation
[
Evaluation
Total (0-100)
Evidence
Expectation
P oss
Evaluation
Total (0-100)
Evidence

Expectation

P> s4

Evaluation
Total (0-100)

Fig. 8. 3View Applied to four sprints — project A (excerpt)

The first column in Fig. 8 presents the four sprints with the following goals: S1 - Audit Management, S2 - Audit Checklist,
S3 - Actions System, and S4 - Audit Analytics. The four elements delivered in Project A are part of the mobile audit system
for the food industry. The evidence grades for S1 were not considered in this case due to the lack of previous values. The
other grades follow the procedure described in the earlier sections. Fig. 9 presents a sample of useful analytic reports
based on the adaptive metrics approach.

CAR#2 focused on using adaptive metrics to make social and organizational changes. One of the researchers participated
regularly in the project meetings to evaluate the debate and understand how the metrics evolved in each sprint. The team
considered the tools simple to use, and the results were generally positive. According to a food auditor in Project A, the
tables provide a guide to interpreting raw data for improvement, and (...) the metadata is a possible way to assess the
employee’s commitment to quality principles. Also, the developers considered the framework accessible in their projects
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— it does not increase bureaucracy and is flexible to change. The major shortcoming, as expected, was the necessity to
have metadata generated during the artifacts’ evaluation. However, the research team, the scrum master, and the
customer considered this an advantage to improve project documentation. During this cycle, we also asked the customers
in both projects to fill in the tables presented in Fig. 8, allowing for contrasting perspectives (only accessing a part of the
indicators) with the team. A deeper discussion of these findings is presented in Section 6.

People
. SPRINT 1
. Costumer Satisfaction
Improv. Suggestions 100
% Improvement Features L Team Satisfaction
g - T
il 70
.. 60
: " Critical defects sent by 3 50
Team Satisfaction _ : i v J 40 % Improv. Suggestions
Customer 3 4
; 30
20
10
a
L oo » Automated Tests Success
Costumer Satisfaction Failed Features 4§ S~ -~ Rate
0 50 100 150 200 250 300 350 400 "
Implemented Features Open Incidents

WSl WS2 mS3 ms4
% Incidents - Expired Due

Schedule Eficacy daite

Agile quality — People dimension evolution in four sprints (S1-

S4, maximum 400)
Radar chart of the results in S1 (totals)

Outcome Expectations Perception gap
400 -40 -20 0 20 a0
350 % Improvement Features i
300 Critical defects sent by customer .
Failed Features
250
Implemented Features T
200
Schedule Eficacy e
150
% Incidents - Expired Due date |
100
Open Incidents |
50
Automated Tests Success Rate
0 Improvement Suggestions
R |
51 52 53 54 (Internal)
. . . . Team Satisfaction -
Evolution of outcome expectations in four sprints — burnup
chart for a maximum of 400 (100 for each sprint) Costumer Satisfaction o

Average difference between grades of evaluation and total in
four sprints (the team evaluated higher in most cases)

Fig. 9. 3View analytics (sample)
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5.4, Evaluating the two CAR cycles

This section is structured according to the principles presented by Davison et al. (2004):

= Principle of the Researcher—Client Agreement

Researchers and practitioners agreed that CAR was an appropriate approach to studying socially constructed metrics in
practice. The participating organizations explicitly committed to the project and adopted our proposed solutions within
their teams. Their objective was to improve quality assessment using meaningful metrics that they could apply to their
project. Interviews, observation, and document collection were used.

= Principle of the Cyclical Process Model

This research followed the five stages of CAR (Susman & Evered, 1978). We created our frame of reference with a literature
review and semi-structured interviews that were discussed at top-tiered information systems conferences (Barata & Coyle,
2016; Coyle & Barata, 2016). Next, we made a diagnosis of the situation in each company. The researchers and the
quality manager developed an action plan and evaluated it according to CAR principles. The framework outlined in CAR#1
served as the starting point for CAR#2.

= Principle of Theory

Our theoretical frame of reference included studies in agile metrics and models for quality improvement. The academic
contribution of this work is an agile framework for using metrics that introduce flexibility in their selection and weightings
(Li etal., 2017). Moreover, we follow a human-centric approach to metric adaptation, fostering continuous interaction and
debate to accommodate variable factors.

= Principle of Change through Action

First, we created an innovative way of using and calculating metrics, including self-evaluation within a metric structure.
We created artifacts and promoted routines to guide the development team and other stakeholders. The organizational
situation was evaluated before, during, and after the intervention, ensuring the research team documented and evaluated
change. Changes occurred internally with the use of the 3View artifacts and externally when we asked the customer to
complete the tables at the end of each sprint. The customer found the proposal interesting to give feedback to the team
and allow them to evaluate the possible interpretation gaps. In particular, customer satisfaction, schedule efficacy, and
critical defects were the customer-included comments regarding the interpretation of metrics.

= Principle of Learning through Reflection

This principle was applied in different CAR stages. Joint reflection ensured that our results would be relevant, helped to
improve the client's situation, and ensured project success. Progress reports were provided to the participating
organizations. We learned about the benefits and the challenges of our framework, emerging from critical analysis and
adaptive agile metrics that required justification. New questions were also addressed in future work, more restricted to
each organization’s strategy. For example, “Should we create rules to enforce corrective actions below value X? Should
we enforce explanations if the evaluation differs from the other two dimensions (e.g., evaluation O when the other
dimensions receive 100)?"
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6. Discussion

We can conclude that traditional singular perspectives on quality are neither sufficient nor practical for ASD. We found that
it is necessary to obtain synergies from evidence that emerges from ASD practices, expectations expressed in the form of
goals, and evaluation resulting from a critical reflection. Combining different perspectives can promote sensemaking
(Weick et al., 2005) and a debate about improvement actions supported by more meaningful metrics. Our work extends
recent research focusing on the methods and tools of quality evaluation in ASD (Fatima et al., 2024, Pfeiffer & Aaen,
2024), studying the co-creation of metrics that include a subjective component in their structure and measurement
process.

The first cycle, aiming at unraveling socially constructed metrics for agile, has encountered some challenges. First,
regarding selecting measures for people, process, and outcome, the team looked across the literature and within the
organization. For simplicity, we reduced the number of indicators to four for each metric type and selected indicators
relevant to the project priorities. However, the set of indicators can be adapted according to each company and project's
characteristics, which are aligned with the needs of ASD. Allocating weight to each dimension of the indicator and its
grading was not straightforward. In this case, the project managers selected the weights. Still, it is possible to use a more
inclusive approach, like a workshop, to define the indicators and weights according to the guidelines presented in Tables
1 and 2. Moreover, the first CAR cycle allowed us to identify a possible solution for one of the main challenges put forward
by Ram et al. (2018), namely, when “a company is uncertain about that metric’s potential in providing actionable inputs”.
3View actionable inputs emerge from the deeper evaluation of the three metric components, two based on evidence, and
the other obtained by subjective evaluation.

Allocating values to each indicator later opened up discussions that were considered invaluable to the teams. We concluded
that the weighted value of the indicator (60) in Fig. 5 is the least important compared to the debate that included the
search for solutions and open communication among team members and management. This conclusion is aligned with
the importance of commitment (Alami et al., 2022; Machuca-Villegas et al., 2021). The participants also felt more
empowered, taking part in the decisions based on project evidence (Karhapaa et al., 2024), and were flexible enough to
adapt to the context. Additionally, the practitioners in CAR#2 stated that one of the most important aspects of 3View is to
offer an opportunity to share different viewpoints and conflicting perspectives on the development performance.

We address additional key challenges for ASD metrics in the second CAR cycle, namely, the availability of data sources
and process changes (Ram et al., 2018), but also to make templates useful for practice (Durbin & Niederman, 2021). It
includes (1) how agile teams define the relative importance of each dimension of the metric; (2) the potential advantages
of our adaptive metrics when compared with “traditional” metrics; (3) the potential conflicts that can emerge in the debate
and construction of metrics, and how to solve them; (4) the potential difficulties of metrics that require metadata — because
there is a combination of evidence, expectations and critical evaluation of stakeholders; and finally, (5) the benefits of
socially-constructed metrics for improving communication between different stakeholders, for example, in daily meetings,
retrospectives or quality audits.

The main advantages of adopting the framework in CAR#2 were (1) to guide the regular meetings during project
development, (2) to provide concrete guidance to interpret quantitative measures, (3) to produce metadata to the selected
metrics (e.g., justification of evaluations), (4) assist in the interaction with customers, offering a detailed description of
each sprint, (5) identify preventive actions to discuss with the client, and (6) improve ASD reporting, minimizing the effort.
The latter is particularly relevant when studies confirm reporting as one of the critical challenges in ASD (Schiill et al.,
2023). Curiously, one of the advantages of 3View framework is also its main difficulty, namely, metrics metadata. Adaptive
metrics, as we propose, are inherently subjective and specific to the project context. Although it is possible to identify
trends (e.g., positive evolution of evidence, expectations, or evaluations) and global assessment (e.g., if most metrics have
satisfactory results), the rationale behind each evaluation is not clear from the data alone. Each number (e.g., 50 or 100)
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has a particular meaning (e.g., comparing the expected goal for that metric and the actual result). The interpretation must
contrast the metric metadata and the results.

The customers of projects A and B (CAR#2) found the approach interesting and complementary to specific approaches to
quality (e.g., regulations and standards adoption). For example, the test documentation is critical. Still, the 3View
framework lets the customer know the test compliance and the actions produced in each case. Therefore, it is possible to
trace project decisions at each point (which may be necessary for auditing purposes), the evidence for measuring quality
(Karhapaa et al., 2024), and the continuous improvement effort. The RTD institute that participated in CAR#2 considered
that not all the indicators should be shared with the customer. So, they selected the indicators with more potential to
“extract” customer perception of the sprint and contrast with the developer’s perspective, promoting debate. The
justification is that they would feel more comfortable identifying specific weaknesses (e.g., team satisfaction or failed
features) and keeping them private to the team while sharing their vision of the project with the customer. For example,
the team faced a problem in sprint S2 when the most experienced developer was off duty, creating difficulties for some
development tasks. This problem was shared with the customer, and the necessary adjustments were made in sprint 3,
prioritizing improvements and unexpected requests.

The 3View framework can be used as a guide to interpret raw data, fostering interaction, customer collaboration, and
change management. The 3View reference model proposes three types of metrics but does not prescribe specific
indicators for each one. Similarly, project stakeholders should agree on weighting the three dimensions (evidence,
expectations, and evaluation). Although not solving the complex interplay of metrics and actions (Bouwers et al., 2012),
3View can reduce the bias of metrics that do not adhere to the dynamics of ASD and the undesirable effect of “obtaining
what is measured”.

7. Conclusions

This paper proposes the 3View framework to create adaptive metrics in ASD. In our proposal, various stakeholders’
perceptions, perspectives, and priorities influence the meaning of quality, which can change from one release (or project)
to the next. There are several metrics available in the form of quality goals or quantitative indicators emerging from ASD
practices; however, (1) few metrics are related to people, (2) they do not comprehensively provide contextualized
information within agile projects, and (3) do not result from a reflection made by project teams, which is essential in the
context of both being ‘agile’ and continuously striving for quality.

Three main types of adaptive metrics are crucial in ASD: people-related, process-related, and outcome-related. We suggest
that a small set of indicators should be used; however, in compliance with adaptive project management, companies
should allow these to evolve over time. Moreover, agile metrics must include three interrelated dimensions: evidence from
practice, stakeholder expectations, and stakeholder evaluation. Our dashboards include accessible indicators and
allocation rules for improvement and critical analysis. This combination, however, needs to be cautiously evaluated for
inaccuracies or bias, particularly for teams during the “storming” and “norming” stages, as indicated in our findings.

/. 1. Implications

Our theoretical contribution is aligned with the tenets of action research. It includes new artifacts, lessons learned, and
changes observed in the client-system infrastructure that justify a flexible approach to using metrics in agile. The literature
is fertile with ASD metrics that are useful in different software development phases. These metrics focus on various
aspects, including people, process, and outcome. However, the dynamic context of ASD may lead to different
interpretations of metrics. For example, comparison with past results may reveal excellent results when past project
performance was poor, and comparison with project goals may also provide a false sense of success if the goals were not
well established. People's interpretation of each metric, or what can be called its social construction (Berger & Luckmann,
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1991) allows to make a reflection about the current context of the ASD project, promotes a sense of fairness in metrics
analysis, and puts metrics in the center of ASD project meetings.

The popular notion that “you get what you measure” is true in software development projects, because metrics steer
people and must be compared with the past results and project goals (Bouwers et al., 2012). We could not agree more,
but it is also well known that “culture eats strategy for breakfast”, as stated by Peter Drucker. Teams can be tempted to
change the system as a way to improve the metric value (Bouwers et al., 2012). Based on our findings, we would add
that metrics in ASD must be interpreted, socially constructed, and used to communicate a shared vision of project
performance. We argue that the traditional view of imposed metrics “is in contrast to most accounts of agile which involve
voluntary, bottom up adoption on small co-located teams developing systems deemed to be suitable for agile development”
(Conboy et al., 2011).

Several implications for practice can be summarized. First, accessible artifacts are proposed to guide practitioners in using
meaningful metrics, namely, how to weight them and the steps to do it within the ASD project lifecycle. Second, the
proposed framework can integrate any quantitative or qualitative metric in different facets of project management, being
metrics-agnostic. Third, discrepancies in the three pillars of 3View (comparability with past projects, project expectations,
and adaptability to dynamic conditions) are not a problem, but an opportunity to gain a clearer understanding of each
metric’s meaning and its value in informing improvement actions.

7.2. Limitations

Several limitations must be stated. First, the selection of databases and keywords for the literature review. Our work has
evolved over several years, and we can evaluate the changes over time, but the ASD literature is constantly evolving.
Second, action research allows the transferability of the findings, but only two complete CAR cycles were conducted. Third,
social interventions are complex, and there are risks of the Hawthorne effect, suggesting that the observed participants’
behavior and feedback could be affected by the attention they receive (French, 1950). To minimize threats to the validity
of our study, we followed existing guidelines for literature reviews (Webster & Watson, 2002), elaborated an interview
protocol (McLellan et al., 2003), and compared the interviews with other sources in the literature. Two authors of the
paper proceeded in parallel during the entire research project, contrasting different data sources and constantly
challenging the results at each stage of the research process.

The practitioners consider this model an improvement in team interaction. However, some limitations are inherent in our
use of adaptive metrics. First, it is necessary to see the values of the three dimensions to understand the result. Second,
it is a contextualized evaluation and cannot be used to compare different companies, although it may be used to compare
various in-house projects. Third, it includes a subjective part of the evaluation that makes the value representative of the
team’s reality.

7.3. Future Work

Several opportunities for future research are identified. First, the approach could be tested in different development
contexts and software development methodologies. Second, it was interesting to identify profiles of users based on
historical data, for example, evaluating optimistic/pessimistic views on the project and understanding the motivations and
interpretations for the subjective evaluation components. Third, it is possible to contrast the impact of adaptive metrics
(or each of its dimensions) on project success. Fourth, although we present a way of calculating metrics, we do not
propose specific indicators for each dimension. Suggesting a list of indicators for each case and recommendations for
weighting in different project typologies is also possible. More studies are necessary to understand which indicators affect
motivation, compliance with project schedules, team interaction, and client communication. Fifth, the metrics metadata
can be used to create a knowledge base for training and decision support systems for ASD. For example, they identify the
actions with the most effect in each metric improvement. Sixth, the customer of project B (CAR#2) suggested using the
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3View framework for employee reward and recognition. According to them, it has the potential to merge direct measures
with the feedback from the development team, potentially improving the accuracy of rewards and a better understanding
of the reward selection, according to evidence (comparison with the past), expectation (compare to the goals for each
employee) and evaluation (balancing contextual factors and reflection about practices).

Quality procedures are challenging to incorporate into the daily practice of ASD. Still, we hope this work may inspire future
contributions to improve the situation and build a socially constructed vision of quality, perhaps less inspective and
prescriptive but certainly more agile.
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