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Abstract. Software development is widespread across various sectors. As large-
scale projects increasingly adopt agile development practices, there arises a
need for metrics to enhance team coordination, promote continuous improve-
ment and monitor progress. This discussion focuses on the current state of
metrics for large-scale agile software development, outlining the reasons for
their adoption and showcasing the achieved results. The analysis involves a
comprehensive literature review, exploring grey literature. A catalog of metrics
applicable to scalable agile projects is presented, featuring examples such as
‘Velocity’, ‘Business value per effort’, and ‘Defect rate’.

1. Introduction

Coordinating multiple teams across different projects using agile methodologies re-
presents a complex and crucial challenge in the software development environment
[Marinho et al. 2021, Camara et al. 2021]. In this dynamic context, maintaining an ade-
quate level of communication becomes more challenging [Philipp et al. 2023]. Large
organizations struggle to use metrics effectively due to many influencing factors, such
as lack of skill demanded, infrastructure and a lack of guidance, making efficient
measurement complex [Korpivaara et al. 2021]. Therefore, for monitoring processes
and projects, more than relying solely on qualitative feedback by regularly commu-
nicating with each agile team is required for program management decision-making
[Philipp et al. 2023, Camara et al. 2021]. In such circumstances, metrics can enhance or
replace qualitative feedback [Ertaban et al. 2018, Philipp et al. 2023].

Despite the fundamental importance of metrics in this context and repeated calls
from researchers for documented knowledge, there is still a shortage in the scientific li-
terature of dedicated studies to fill this gap [Dingsgyr and Moe 2014, Edison et al. 2021,
Korpivaara et al. 2021, Philipp et al. 2023]. Therefore, it is essential to turn to grey lite-
rature to add more evidence to the academic literature on metrics used scaling agile, as
discussed and presented by industry professionals and experienced academics.

This paper aims to contribute to the body of knowledge in large-scale agile
methods, proposing a comprehensive approach that includes the compilation of metrics,
an in-depth exploration of the justifications for their application, and an analysis of the
results obtained. To do so, we systematically categorize metrics to provide continuous
support to organizations in agile scaling and those exploring new work paradigms. We
highlight how the judicious application of metrics can drive agility at scale, promoting
substantial improvements in organizational practices and development team performance.



In addition to this introduction, Section 2 presents a background and related work.
Sections 3 and 4 present the research methodology and results, respectively. Section 5
discusses the findings of this study. Section 6 exposes some threats to validity, and finally,
Section 7 provides some conclusions and contributions of the work.

2. Background and Related Works
2.1. Software Metrics

In traditional software development, metrics assisted in project guidance and decision-
making [Chloros et al. 2022]. With the popularization of agile values, different soft-
ware development processes emerged, where metrics needed to adapt to changes in
all development phases [Hossain et al. 2021, Leal et al. 2022]. Agile teams use me-
trics to improve agile processes, comply with agility protocols, enhance software qua-
lity during development, improve estimation and planning, and increase productivity
[Chloros et al. 2022, Leal et al. 2022].

Metrics are measurements, variables to which a quantity is assigned due to me-
asuring one or several entities [Fenton and Bieman 2014, Leal et al. 2022]. Due to their
advantages, many agile metrics have been proposed or adapted to help measure various
aspects of software development processes and products [Leal et al. 2022].

2.2. Large-Scale Agile Development

Most agile software development organisations are based on self-managed teams res-
ponsible for developing a subset of features [Camara et al. 2020, Marinho et al. 2021,
Marinho et al. 2019].  Agile at scale is a way to manage processes beyond team-
level software development using specific agile tools [Laanti 2014], also encompas-
sing the implementation of agile methods and principles throughout the organisation
[Dingsgyr and Moe 2014].

Dingsoyr et al. [Dingsgyr et al. 2014] categorize the scale of agile software deve-
lopment projects by team count. Small-scale projects consist of a single team, coordina-
ting through standard agile practices. Large-scale projects involve 2 to 9 teams, requiring
scaling methodologies for coordination. Projects with 10 or more teams are considered
very large-scale, necessitating a scaling framework. This study follows Dingsoyr’s defi-
nition of large-scale agile.

The organization’s size, geographic distribution, team size, culture, system com-
plexity, governance and business objectives are some aspects considered when scaling
agile methods [Razzak et al. 2017, Shameem et al. 2017]. The main known agile sca-
ling frameworks are: Scrum-at-Scale, Large Scale Scrum (LeSS), Scaled Agile Fra-
mework (SAFe), Disciplined Agile (DA), Spotify and Nexus [Shameem et al. 2017,
Edison et al. 2021].Compared to SAFe, other agile frameworks (e.g., Scrum-at-Scale,
LeSS, Nexus, Spotify) offer fewer native metrics, artifacts, roles and events beyond Scrum
[Razzak et al. 2017].

2.3. Related Work

Among the related works, Edison et al. (2021) investigated the various known methods
of large-scale agile development by comparing them through an SLR. The review



did not present which metrics are used in some of the major existing frameworks
[Edison et al. 2021]. KiSS and Rossi (2018) sought to understand the “Agile to Lean”
transformation processes, covering benefits, challenges, and metrics in transformations
at larger scales. Lead Time emerged as the most used metric to measure transforma-
tion progress among the metrics. However, metrics were presented only in that context
[Kiss and Rossi 2018].

Britto et al. (2014) reported the evidence obtained from SLRs regarding effort
estimation in software development in the global and agile context. Size metrics such
as Function Points, Lines of Code, Use Case Points, and Story Points were presented.
However, the work is focused only on effort estimation aspects [Britto et al. 2014].

3. Research Method

We conducted a Multivocal Literature Review (MLR) to gather and synthesize the limited
information found in academic literature with other findings from grey literature, aiming
to extract information about the metrics used within the context of large-scale agile deve-
lopment. This MLR followed the guidelines provided by [Garousi et al. 2019].

To specify the objective of this article, two research questions were formulated:
(RQ1) What metrics are used in large-scale agile software development? And (RQ2)
What are the reasons and results of using metrics in large-scale agile development?

We used the following databases to find relevant literature: ACM, IEEExplore,
Springer-Link, Scopus and ScienceDirect to specifically locate academic literature. And
Google search (http://www.google.com/) to find grey literature. To find evidence accor-
ding to the research questions, the string used was as follows: (Metric) AND (SAFe
OR “Scaled agile framework” OR LeSS OR ‘“Large scale scrum” OR “Scrum-at-
Scale” OR “Scrum@Scale” OR DA OR “Disciplined agile’’ OR Spotify OR Scrum
OR ““Scaling agile’’ OR Nexus) AND (‘“Large-scale” OR Large OR Scaled).

We defined inclusion and exclusion criteria to ensure the inclusion of all relevant
sources and the exclusion of sources outside the scope. We included: (i) literature that
explicitly discusses the use of metrics related to large-scale agile projects, solutions, or
adaptations of metrics in this scenario; (ii) conference papers, journals and pages about
metrics of the related frameworks; (ii1) literature published after 2001; (iv) first 10 pages
of the Google search. We excluded: (i) inaccessible literature; (ii) results that Google
search considers similar to other results; (iii) Google ads; (iv) articles and pages in a
language other than English.

For academic literature, the period from January 2001 to December 2022 con-
siders the entire period since the publication of the Agile Manifesto. A total of 3,479
articles were returned in the automatic selection. After removing 393 duplicate articles,
3,086 remained to be classified, of which no articles belonged to ScienceDirect since all
duplicates came from this database.

The process of selecting studies began with analyzing titles and abstracts (phase
1), in which 3,027 articles were discarded for not meeting the inclusion criteria. Of these
works, 59 were sent to phase 2, in which the introduction and conclusion of the articles
were read, and then 34 articles were excluded. After reading the full text of the remaining
25, only 14 papers that met the inclusion criteria proceeded to extraction.



Before selecting results from grey literature, links from official pages available
on metrics of recognized frameworks present in the string were separated in advance to
ensure their inclusion in the research. Subsequently, the first ten links from search with
string were considered, excluding Google ads. From the valid results, up to 2 cycles of
forward snowballing were applied in the selection process. The search for grey literature
was conducted in January 2023. After reading the titles and metatexts, 13 initial valid
results were selected, considering the top ten links plus snowballing and three official
framework pages. No links were academic articles. During the full-text reading, one page
was added after snowballing. Applying the inclusion criteria to the 14 sources, five pages
were eligible for the study. Table 1 summarizes and quantifies the results.

Table 1. Summary of research findings and selection for primary studies

Search mechanism  Initial results Titles, metatext, abstracts, introductions, Full texts
conclusions

IEEEXplore 974 5 3
ACM 285 1 0
SpringerLink 184 14 7
Scopus 1643 5 4
ScienceDirect 0 0 0
Google 13 13 5

To enable peer review and study replicability, all methodology and research data
is available as supplementary material (See in [Menezes et al. 2024b]).

3.1. Analysis

We consider the Software Development Life Cycle (SDLC) stages to address RQ1. The
mapped metrics applied in the agile scaling environment will be linked to some SDLC
stages. To do so, we will consider both information provided in the studies about the
stages of the cycle in which they were applied and the descriptions and characteristics of
the metrics themselves.

In addition, we will adopt the Goal Question Metric (GQM) approach to address
RQ?2, aiming to identify patterns in the transformations caused by the discovered metrics.
The GQM approach provides tools for defining and interpreting software measurements
guided by organizational goals, specifying a measurable objective refined into a set of
quantifiable questions related to the objectives [Basili 1992]. As presented by the author,
these questions, in turn, help define a set of metrics and data for collection.

Regarding the goal within the GQM approach, inspired by [Scrum@Scale 2022],
it is observed that large agile organization seeks to improve and measure at least one of the
following factors: customer responsiveness, value delivery, productivity, sustainability,
and quality [Scrum@Scale 2022]. Therefore, the target metric model have the following
objectives: to improve customer responsiveness, commercial value delivery, end-to-end
productivity, sustainability of practices from both the organizational and customer pers-
pectives and quality of the software development process. Based on these objectives, five
questions were proposed: Q1: Are we more responsive to customers in the agile way of
working? Q2: Do we deliver more value to customers in the agile way of working? Q3:
Are we more productive working agile? Q4: Do we have better sustainability practices
in the organizational environment? Q5: Do we have better product quality?



4. Results

4.1. Overview of academic studies

The included academic studies were classified according to research type aspects based
on [Wieringa et al. 2006]. Regarding the contributions of the works, they were classified
according to [Petersen et al. 2008], which include theory, model, framework, guideline,
lessons learned, addendum, and tool. Table 2 overviews academic studies, research type,
contribution aspects, publication year, and methods used.

Table 2. Overview of academic studies

Year  Research Type Contribution Study Method Reference

2010 Experience Lessons learned Experience report [Greening 2010]
2011 Experience Lessons learned Case study [Brown 2011]
2012 Solution Tool Action research/literature review [Staron et al. 2012]
2013 Experience Tool Experience report [Tabib 2013]

2013 Solution Guideline Grounded theory/quasi-experiment [Heidenberg et al. 2013]
2013 Solution Tool Action research [Staron et al. 2013]
2014 Philosophical Addendum Grounded theory [Laanti 2014]
2015 Experience Lessons learned Experience report [Greening 2015]
2015 Experience Lessons learned Case study [Tripathi et al. 2015]
2016 Validation Framework Case study [Grimaldi et al. 2016]
2017 Experience Framework Observations [Razzak et al. 2017]
2018 Experience Lessons learned Multiple case study/exploratory [Stettina and Schoemaker 2018]
2020 Solution Tool Case study [Thawaba et al. 2020]
2022 Validation Framework Experience report/experiment [Tessarolo et al. 2022]

Table 3 presents information about the number of organizations (No. Org) refe-
renced in the included literature. The symbol “+” in the column for organization size
next to the term ‘“large scale” represents a quantity of teams greater than or possibly
greater than 9, and the term “large scale” represents a quantity between 2 and 9 teams
[Dingsgyr et al. 2014]. In the column distribution, “Locally” is used when people are
working remotely from the same city, “Nationally” working from cities within a single
country, “Continentally” for working from different countries within the same continent
and “Globally” for working from countries on different continents.

Table 3. Organizational context of the studies

No. Org Size Framework/ Method  Distribution  Industry Reference

1 + Large scale  Scrum+Kanban Globally IT [Greening 2010]

1 + Large scale  Scrum+XP Continentally ~ Banking [Brown 2011]

1 Large scale Scrum Globally IT [Tabib 2013]

- Undefined Scrum+Kanban Undefined IT [Greening 2015]

1 Large scale Scrum+Lean Continentally ~ Healthcare [Tessarolo et al. 2022]

1 + Large scale ~ Agile+Lean Nationally Telecom [Staron et al. 2012]

1 + Large scale  Agile+Lean Nationally Telecom [Staron et al. 2013]

1 Undefined Agile Nationally IT [Heidenberg et al. 2013]

- Undefined SAFe Undefined Undefined [Laanti 2014]

1 Undefined SAFe Undefined Telecom [Grimaldi et al. 2016]

1 Large scale SAFe Globally IT [Razzak et al. 2017]

1 Undefined SAFe Undefined Healthcare [Thawaba et al. 2020]

5 Undefined Scrum-of-scrums Undefined Telecom [Stettina and Schoemaker 2018]
/SAFe/Spotify /Government

2 Large scale Kanban Globally Telecom [Tripathi et al. 2015]

1 Large scale LeSS Continentally  Financial [Korson 2015]"

1 Grey literature sources.



4.2. RQ1 - What metrics are used in large-scale agile software development?

Table 4 presents all the metrics found in this review. They are grouped by the primary
studies in which they were mentioned or by the reference of the internet pages where
they were mentioned and classified according to the agile framework/method in which
they were applied or related. Metrics with identical names that appear repeatedly were
identified in both types of literature and are equivalent.

Table 4. Metrics for large-scale agile software development (MLR)

Metrics Framework/Method Reference

Time to delivery first increment; Time to project closure; Velo- Scrum/XP [Brown 2011]
city; Blocked tasks; Defect rate with severity; Process maturity le-

vel; Agile practices adoption rate; Function points per man-year;

Burndown chart; Burnup chart; Agile Team Pulse (Adoption of

iterative development; Two-level planning; Shared vision; Conti-

nuous integration and Team-based approach)

Velocity; Velocity Deviation; Forecast Horizon; True Sprint Scrum/Kanban [Greening 2015]
Length; Dependency Count; Lead Time

Net Present Value per effort Scrum/Kanban [Greening 2010]
Estimation accuracy delta; Effectiveness; Efficiency; Planned vir- SAFe [Grimaldi et al. 2016]
tual hour cost; Real virtual hour cost; Waste; Impediments; Delta

cost

Customer service response time; Functionality per work effort; Agile [Heidenberg et al. 2013]

Business value per effort; Commit Pulse; Flow distribution; Num-
ber of external problem reports; Open days and external problem
reports; Lead Time; Cycle time per resource

Net Promoter Score (NPS) SAFe [Laanti 2014]

SAFe practices adoption rate (Product Ownership Health, PI/ Re- SAFe [Razzak et al. 2017]

lease Health, Sprint Health, Team Health and Technical Health)

Measurement systems completeness indicator Agile/Lean [Staron et al. 2013]
Release readiness indicator Agile/Lean [Staron et al. 2012]
Planned velocity; Velocity Scrum/Scrum of Scrums  [Stettina and Schoemaker 2018]
Team happiness Scrum/Spotify [Stettina and Schoemaker 2018]
Cycle time per resource; Velocity Scrum/SAFe [Stettina and Schoemaker 2018]
Code lines per user story; Number of files per user story; Code Scrum [Tabib 2013]

lines for refactoring; Number of developers per resource; Unit test

coverage per user story; Unit test success per user story; Number

of defects per user story

Perceived effectiveness (Teamwork assessment; Requirement eli- Scrum/Lean [Tessarolo et al. 2022]
citation; Planning; Methodology quality; Culture; Knowledge sha-

ring; General process perception; Team morale; Participant enga-

gement and satisfaction)

Cost per function; Time per function; Remaining time; Time spent SAFe [Thawaba et al. 2020]
(all tasks); Remaining cost; Cost spent (all tasks); Remaining

functions; Completed functions (all tasks); Remaining patterns;

Achieved patterns (all tasks); Time Spent (main tasks using sub-

task completion); Available time; Available cost

Work In Progress; Lead Time Kanban [Tripathi et al. 2015]
Employee engagement; Flow distribution; Velocity; Flow time; SAFe [SAFe 2022]!
Flow Load; Flow efficiency; Flow predictability; Deployment fre-

quency; Wait time for changes; Time to restore service; Change

failure rate; Business agility (Lean-Agile Leadership — Team and

Technical Agility — Agile Product Delivery — Enterprise Solution

Delivery — Lean Portfolio Management — Organizational Agility —

Continuous Learning Culture); Core competencies (Team and Te-

chnical — Execution — Value Delivery — Organizational and Value

Stream — Lean Portfolio and Strategy — Customer and Solutions —

Quality Practices)

Test pass rate; In-flow defect rate to out-flow defect rate; Release SAFe [Copado 2022]1
readiness

Value of business by effort; Team happiness; Function points per Scrum-at-scale [Scrum@Scale 2022]"
man-year; Defect rate; Service downtime

Predictability index; Technical debt; Acceleration Agile/Lean [Liyanage 2014]!
Burnup chart; Work In Progress LeSS [Korson 2015]!

Grey literature sources.



Table 5 presents an overview of the metrics grouped by software development
stage on the life cycle.

Table 5. Metrics linked to the Software Development Life Cycle

Stage Metric Reference
Product fea-
sibility
Planned virtual hour cost; Estimation accuracy delta; Effectiveness; Real vir- ~ [Grimaldi et al. 2016]
tual hour cost; Waste; Efficiency; Impediments; Delta cost
Cost per function; Time per function [Thawaba et al. 2020]
Planned velocity [Stettina and Schoemaker 2018]
Number of developers per resource [Tabib 2013]
Flow predictability [SAFe 2022]
Development
Velocity; Blocked tasks; Burndown chart; Burnup chart [Brown 2011]
Code lines per user story; Number of files per user story; Code lines for  [Tabib 2013]
refactoring; Unit test coverage per user story; Unit test success per user story;
Number of defects per user story
Velocity; Dependency Count [Greening 2015]
Functionality per Work Effort; Commit Pulse [Heidenberg et al. 2013]
Velocity [Stettina and Schoemaker 2018]
Work In Progress [Tripathi et al. 2015]
Velocity; Flow Load [SAFe 2022]
Burnup chart; Work In Progress [Korson 2015]
Testing
Defect rate with severity [Brown 2011]
Number of external problem reports; Open days and external problem reports ~ [Heidenberg et al. 2013]
Number of defects per user story [Tabib 2013]
Release readiness indicator [Staron et al. 2012]
Remaining time; Time spent (all tasks); Remaining cost; Cost spent (all ~ [Thawaba et al. 2020]
tasks); Remaining functions; Completed functions (all tasks); Remaining
patterns; Achieved patterns (all tasks); Time spent (main tasks using sub-
task completion); Available time; Available cost
Defect rate [Scrum@Scale 2022]
Test pass rate; In-flow defect rate to out-flow defect rate; Release readiness [Copado 2022]
Deployment

Customer service response time
Net Promoter Score (NPS)

[Heidenberg et al. 2013]
[Laanti 2014]

Deployment frequency; Wait Time for Changes; Time to restore service [SAFe 2022]

Service downtime [Scrum@Scale 2022]
Maintenance

Net Present Value per effort [Greening 2010]

Time to delivery first increment; Time to project closure; Process maturity
level; Agile practices adoption rate; Agile team pulse; Function points per
man-year

True Sprint Length; Lead Time; Velocity Deviation; Forecast Horizon
Perceived effectiveness

Measurement systems completeness indicator

Lead Time; Cycle time per resource; Business value per effort; Flow distri-
bution

SAFe practices adoption rate

Cycle time per resource; Team happiness

Employee engagement; Flow distribution; Flow time; Flow efficiency;
Change failure rate; Business agility; Core competencies

Business value per effort; Team happiness; Function points per man-year
Predictability index; Technical debt; Acceleration

[Brown 2011]

[Greening 2015]
[Tessarolo et al. 2022]
[Staron et al. 2013]
[Heidenberg et al. 2013]

[Razzak et al. 2017]
[Stettina and Schoemaker 2018]
[SAFe 2022]

[Scrum@Scale 2022]
[Liyanage 2014]

4.3. RQ2 - What are the reasons and outcomes of using metrics in large-scale agile
development?

The final step in GQM modeling was determining the 80 metrics in the multivocal lite-
rature (Table 4) to be used according to the raised questions. Some metrics related to
each questions presented Q1, Q2, Q3, Q4 and QS5 are presented in Table 6, 7, 8, 9 and
10 respectively. Each table lists the metric name, descriptions (when necessary) and the
formulas or data that quantify them (See all metrics in [Menezes et al. 2024al]).



Table 6. Are we more responsive to customers in the agile way of working?

Name

Description

Calculation Formula

Time to delivery first in-
crement
Time to project closure

True Sprint Length

Forecast Horizon

Lead Time
Customer
ponse Time
Cycle Time per Resource

Service Res-

Flow Distribution

Release Readiness Indica-
tor

Time per Function
Remaining Time

Time Spent (All Tasks)
Available Time

Flow Time

Wait Time for Changes

Time spent from project initiation to deli-
very of the first increment

Time spent from project initiation to pro-
ject closure

Sum of estimation points, h, from the top
of the product backlog to a given point

Measures the return of customer service
requests

Measures the cycle time for resources se-
lected for development.

Measures the quantity of each type of
work in the system over time

Predicts in which week the product rele-
ase would be possible given the number of
known defects up to that point, how many
defects were removed on average in the
last 4 weeks and how many defects were
expected to be discovered

Remaining time to complete the task
Time spent during task implementation

Available time for sub-tasks or main tasks

Total time elapsed for all stages of a work-
flow

Delivery date of the first increment - Project initiation
date
Project closure date - Project initiation date

Actual delivery date of the increment when greater
than the previously defined sprint end date - Sprint
initiation date

If we know the estimated team velocity p(V') and the
standard deviation o(V'), we can express the Fore-
cast Horizon in sprints as h/u(V) £ o (V) xh/u(V)
for 68% confidence or h/u(V') £+ 20(V) * h/u(V)
for 95% confidence. If we know the sprint length [,
we can express the Forecast Horizon in time units as
h/u(V) £ 1o(V) % h/u(V)

Completion date of a process - Start date of a process
Resolved customer service request date - Created cus-
tomer service request date

Date of completion of resource readiness - Date when
the resource was added to the backlog

A simple measurement is counting the number of
each type of work item at any given time. A more
accurate measure may consider the size of each work
item

#Defects / Defect_removal_rate - (Test_execution_rate
- Test_pass_rate). Where #defects is the number of
open defects for the product, defect_removal_rate is
the average amount of defects removed in the last
4 weeks, test_execution_rate is the average number
of test cases executed in the last 4 weak points and
test_pass_rate is the average number of test cases pas-
sed in the last 4 weak points

Task duration time / Task function quantity

Task duration time / (Task test date - Task start date)
((Task test date - Task start date) / Task duration time)
* 100

Time spent in sub-tasks - (Task test date - Task start
date)

Measured by the average period of time it takes to
complete a certain type of work item

Amount of waiting time to make a change

Table 7. Do we deliver more value to customers in the agile way of working?

Name Description Calculation Formula
Net Present Value  Profitability value by effort Net Present Value / Effort
per Effort
Functionality per ~ How much functionality can be delivered rela-  Test points / Person hours
Work Effort tive to a certain work effort
Business  Value  Here it is indicated as more frequent major re-  Number of major releases in a year / Hours per person
per Effort leases in relation to the work effort
Net Promoter  User/customer feedback Calculated by asking customers if they would recom-
Score mend the product to colleagues on a scale from 0 to 10.
Responses are categorized as detractors (0-6), passives
(7-8) and promoters (9-10). Finally, the total percentage
of detractors is subtracted from the percentage of promo-
ters to determine the NPS
Flow Efficiency How much of the total flow time is spent  Total active time / Flow time
on value-added work activities versus waiting
between steps
Flow Predictabi- Measures how well teams, Agile Release Trains  Ratio between planned business value achieved and ac-
lity (ARTS) and Solution Trains can plan and meet  tual business value delivered in a PI

their Program Increment (PI) objectives




Table 8. Are we more productive working agile?

Name Description Calculation Formula

Velocity Quantity of story points completed for work items of a type
over a period of time

Blocked Tasks Number of tasks blocked during a specific time period

Function Points per Amount of work done by an individual throughout the year

Man-Year

Burndown Chart

Burnup Chart

Velocity Deviation

Dependency Count

Efficiency

Impediments
Commit Pulse
Planned Velocity

Cost per function
Remaining Cost

Measures sprint progress and provides
indicators of the team’s work process

Measures progress based on remaining
hours or points from the top down. Me-
asures release progress and provide in-
dicators of the team’s work process
Measures velocity stability

Dependency between teams where bugs
and delays affect immediate dependents
Indicates how well we use the team
compared to maximum capacity

Any ‘time loss’ due to a defect or obsta-
cle that hampers productivity

Measures how continuous integration is
within sprints

Measures the remaining cost for task

Marks the sprint days on the horizontal axis and the points
planned to compose the sprint on the vertical axis, starting
from the maximum points of the sprint (team velocity) to zero
Marks the sprint days on the horizontal axis and the points
planned to compose the sprint on the vertical axis, starting
from the maximum points of the sprint (team velocity) to zero

a(V)/u(V). Where (V') is the expected velocity (average
velocity based on a certain number of previous sprints) and
o (V) is the velocity standard deviation

Number of immediate dependents

AH / C. Where AH represents the actual hours spent pro-
ducing tangible results and C is the ideal number of hours
a team can deliver, depending on team size, number of te-
ams, non-working days and days spent on ceremonies. C' =
Sx(DS—(NWD+(DSxK0/20)))*TSxDH ), where DS
is the sprint duration, NWD represents days off, KO stands for
knowledge transfer/planning/estimation days, 7 is the team
size and DH is daily development capacity in hours

Number of hours that do not produce tangible results

Number of days between commits

Amount of work (story points) that a team expects to complete
during a sprint

Task cost / Number of task functions

Task cost - Expense cost

completion

In this MLR, among the academic studies, there are reports from large or-
ganizations that scaled Scrum to scale beyond software development teams, promo-
ting agile thinking throughout the organization [Greening 2010], as well as to deve-
lopment teams working together [Brown 2011, Greening 2015], or situated in diffe-
rent geographical locations [Tabib 2013, Tessarolo et al. 2022], using metrics to address
challenges and promote improvements. Purely agile management was referenced in
the research in studies that addressed measurements more focused on aspects of or-
ganizational transformations [Heidenberg et al. 2013], improvement of workflow con-
trol [Staron et al. 2013], and organization performance goals [Staron et al. 2012]. The
SAFe framework appears in research with proposals to enrich its native metrics to
meet demands for speed in deliveries by measuring resources and costs in the process
[Grimaldi et al. 2016] and improving confidence in developing critical security systems
[Thawaba et al. 2020]. An efficient mechanism for measuring the adoption rate of SAFe
practices in Small and Medium Enterprises (SMEs) wishing to adapt to scalable fra-
meworks was also found [Razzak et al. 2017]. In [Stettina and Schoemaker 2018], per-
formance, quality, progress and status metrics were mentioned in methodologies such
as Scrum-of-scrums, SAFe and Spotify. The importance of Kanban in controlling and
scaling workflows among teams using metrics such as work limits and wait times was
highlighted [Greening 2010, Greening 2015, Tripathi et al. 2015].

In the grey literature, most findings are related to SAFe, which has a robust system



Table 9. Do we have better sustainability practices in the organizational

environment?

Name

Description

Calculation Formula

Agile Team Pulse

SAFe Practices
Adoption Rate

Measurement
Systems Comple-
teness Indicator

Employee Enga-
gement

Business Agility

Involves team’s regular casual as-
sessments to understand their views
on adopting iterative development
practices, two-level planning, sha-
red vision, continuous integration
and a team-based approach
Self-assessment survey sent to par-
ticipants. Each question includes a
numeric rating (Likert scale) and an
optional comment section
Assessment of measurement sys-
tem completeness for workflow mo-
nitoring, as temporal and process
dependencies are used between pro-
cess activities

Measures how motivated individu-
als feel and how actively engaged
they are in supporting the organiza-
tion’s goals and values

High-level assessment summari-
zing how agile the business is at any
given time

Collected through informal surveys

The Likert scale has six response options (from ‘never’ to ‘always’)
to gauge the frequency of practice usage in areas like product ow-
nership health, PI/release health, sprint health, team health and tech-
nical health

(#Activities with measures or indicators / #Activities in total) *
100%. The measurement system that provides measures or indica-
tors for all activities of the monitored process is 100

Various methods exist to gauge employee engagement, and each or-
ganization should choose what suits them best. Some use an an-
nual survey, while others rely on an Employee Net Promoter Score
(eNPS), asking employees how likely they are to recommend their
employer on a 10-point scale

Two assessment methods are available: (i) Participants fill out assess-
ments independently, followed by group discussion and analysis; (ii)
All participants collectively discuss and agree on scores (1 to 5) for

each statement. The assessment report includes visualizations trac-
king progress in SAFe’s seven core competencies

of suggested metrics [SAFe 2022]. In addition to SAFe’s native metrics, we found a
proposal to add quality measurement to its flow monitoring in a DevOps environment
[Copado 2022], a perspective currently not covered in [SAFe 2022]. Scrum-at-scale does
not officially commit to a predefined metrics system but clearly emphasizes the need
to monitor productivity, quality, value delivery and sustainability, directly influencing
decision-making and promoting transparency [Scrum@Scale 2022].

The synergy between Agile and Lean is vital in improving agility in large-scale
agile systems [Liyanage 2014]. In [Liyanage 2014], metrics to measure business agility
based on predictability of development risks/costs, maintaining product reliability and
adaptability to conditions impacting value delivery were presented and directly associated
with Lean and Agile management principles. LeSS emerged in the research through a
case study summary in which using the burnup chart as an indicator of scope increase
and establishing a WIP limit for making corrections were essential for project progress
and completion [Korson 2015]. No evidence was found regarding the metrics used to
implement the Disciplined Agile scalable agile framework.

5. Discussion

Considering the small number of academic papers (14) it can be inferred that while
the interest in agile software development is growing, the community likely still
lacks comprehensive knowledge and understanding of this context, given the li-
mited number of studies. Regarding the variety of research types, experience re-
ports predominate [Brown 2011, Greening 2010, Greening 2015, Razzak et al. 2017,
Stettina and Schoemaker 2018, Tabib 2013, Tripathi et al. 2015], followed by so-
lution proposals [Heidenberg et al. 2013,  Staron et al. 2012,  Staron et al. 2013,
Thawaba et al. 2020], with 7 and 4 occurrences, respectively. Only 2 validation studies



Table 10. Do we have better product quality?

Name

Description

Calculation Formula

Defect Rate with Severity

Number of External Problem Reports

Open Days and External Problem Re-

ports

Code Lines per User Story

Number of Files per User Story
Code Lines for Refactoring

Number of Developers per Resource
Unit Test Coverage per User Story
Unit Test Success per User Story
Number of Defects per User Story
Change Failure Rate

Time to Restore Service
Test Pass Rate

Measures the software defect rate

Measures the total number of exter-
nal problem reports during a speci-
fic time period

Measures the average number of
days external problem reports have
remained unresolved from creation
to resolution

Measures flow efficiency

Flow time metric
Measures trends in approval rate for
automated test suites

Number of defects (severity 1 and 2) in produc-
tion /100

Number of external problem reports originating
from a particular version

Date of resolved problem reports - Date of pro-
blem reports created

Code Lines / User Story

Number of Files / User Story

Quantity of code lines for refactoring

Number of Developers / Feature

Unit Test Coverage / User Story

Unit Test Pass Rate / User Story

Number of Defects / User Story

Percentage of changes requiring remediation af-
ter going into production

Amount of wait time for service restoration
Percentage of approval rate for automated test
suite

In-Flow Defect Rate to Out-Flow De-  Determines if the team can fix more  In-Flow Defects / Out-Flow Defects

fect Rate bugs than just those discovered du-
ring testing
Defect Rate Number of Defects / 100
Service Downtime Amount of time a particular service has been
down

[Grimaldi et al. 2016, Tessarolo et al. 2022] and 1 philosophical study [Laanti 2014]
were recorded. This reinforces the need for more relevant research addressing new metric
proposals not yet implemented in practice and extensive evaluations of metric usage in
daily operations using large-scale agility.

When separating metrics by lifecycle stages, it is concluded that 29 metrics were
or could be used during the maintenance stage, defined as the last stage of the life cycle.
23 metrics were or could be used within the testing stage. The quantities of 15, 12, and 6
metrics were or could be applied for the development, product feasibility, and deployment
stages. No metrics were found to be applied or specifically defined for the requirements
and design stages.

For each question in the resulting metric model, there is a set of associated metrics
out of the total 80 identified in this MLR. For Q1, related to monitoring customer respon-
siveness, 18 metrics were identified. Value delivered to customers metrics (Q2) has the
smallest set, with only 6 metrics. This number may indicate the need to investigate the fe-
asibility of additional value delivery measurement alternatives. The larger set (Q3), with
21 metrics, is related to team performance. There are 18 metrics evaluating sustainability
in practices (Q4), and 17 measuring product quality (Q5).

Most works address metrics to support large organizations that strategically sca-
led Scrum to improve results or mitigate challenges in adverse situations [Brown 2011,
Greening 2010, Greening 2015, Tabib 2013, Tessarolo et al. 2022]. Pure agile manage-
ment was referenced in the research, along with metrics that supported flow control
[Staron et al. 2013], organizational transformations [Heidenberg et al. 2013] and the pur-
suit of business agility [Staron et al. 2012, Liyanage 2014]. We found that SAFe has
native metrics cited in articles as proposals to enrich its metrics to monitor resour-



ces and costs [Grimaldi et al. 2016], meet evaluating reliability [Thawaba et al. 2020]
and quality demands [Copado 2022] and apply organizational model transformations
[Razzak et al. 2017]. The relevance of Kanban in controlling and scaling workflows
among teams using metrics such as limits and wait times was also noted [Greening 2010,
Greening 2015, Tripathi et al. 2015]. The Scrum-at-scale framework suggests measure-
ments to facilitate decision-making and promote transparency [Scrum@Scale 2022].

6. Threats to Validity

The main limitation of this study is that, apart from selecting academic articles, all other
phases of the MLR were conducted solely by the first author and validated by other
authors. To mitigate this challenge, we followed guidelines from Garousi et al. (2019) for
incorporating grey literature and conducting a multivocal review in software engineering,
which were adopted and validated.

Another limitation arises from our search string containing generic terms like
“Metric”, “DA” and “Scrum”, resulting in a diverse and irrelevant initial dataset, making
the initial literature selection phases challenging.

7. Conclusions

This study aimed to consolidate key findings on large-scale agility metrics, enhancing
visibility and accessibility to this knowledge for the scientific community and agile te-
ams. We identified 19 sources through a multivocal literature review, providing insights
into metrics, motivations, and outcomes in scalable, agile processes. We considered the
stages of the software development life cycle to map the identified metrics. Also, a cu-
rated set of 80 metrics was categorized using the GQM model. These metrics are linked
to organizational goals, including delivering customer value, improving team producti-
vity, ensuring product quality, and fostering sustainable practices. Notably, most metrics
focus on monitoring overall process functionality and boosting productivity, with only a
minority addressing value delivery measurement.

Using metrics in large-scale agile development is essential for assessing effective-
ness, identifying challenges, promoting transparency, and guiding decision-making. Their
analysis significantly impacts the improvement and success of enterprise agile initiatives,
providing a clear view of progress, facilitating collaboration among teams, and ensuring
consistency in deliveries. By providing valuable context for data-driven decision-making,
these metrics represent a fundamental tool for the success and effectiveness of large-scale
agile development. Considering the diverse outcomes, a company’s selection and cus-
tomization of metrics often hinge on factors such as organizational size and alignment
with its business goals, operational framework, and specific requirements. The insights
from this study will equip researchers and practitioners with the knowledge to delve de-
eper into metrics-related challenges within large-scale agile environments, fostering the
development of more targeted solutions.

For future work, we consider conducting case studies in organizations implemen-
ting Disciplined Agile as a scalable agile framework to collect data on used metrics. Ad-
ditionally, we highlight the relevance of surveying to solidify findings regarding metrics
implemented in a scalable environment.
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