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YOU CANNOT IMPROVE what you 
cannot measure. This philosophy 
by Peter Drucker1 resonates with 
organizations that actively seek to 
drive continuous improvement in 
performance by collecting pools of 
data. However, measuring for the 
sake of measuring is a common pit-
fall observed in various organiza-
tions. Measurement should focus 
on capturing information that is 
specifically needed and adds value 
to organizational goals, rather than 
measuring everything indiscrimi-
nately. Therefore, it is crucial to es-
tablish a link between goals and 
measurements by using a struc-
tured mechanism.

Kaplan and Norton2 introduced 
the concept of key performance indi-
cators (KPIs) in the context of build-
ing balanced score cards (BSCs) to 
translate strategy into action. How-
ever, they did not present a con-
crete definition of KPIs. Parmenter3 
defines a KPI as “an indicator that 
focuses on the aspects of organiza-
tional performance that are the most 
critical for the current and future 
success of the organization.” In the 
digitized organizational landscape, 
monitoring KPIs for software sys-
tems has become increasingly impor-
tant. Hence, Parmenter’s definition 
should be reimagined to focus on 
the “…aspects of software perfor-
mance…” instead.

Due to the fluid nature of busi-
ness goals, it becomes complex to 
link these goals to concrete software 
measurements. KPIs can provide po-
tential support to fill this gap. To pro-
vide this as a practical guideline, we 
present a framework comprised of a 
KPI template for crafting KPIs and a 
practical KPI checklist for evaluating 
their soundness, based on our KPI 
model. The framework is grounded 
in the relevant literature on KPI 
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definitions and is applied to four soft-
ware-related industrial case studies.

We aim to use the business needs 
of the organizations to motivate fo-
cused measurement of data. We pro-
vide a KPI framework to visualize the 
KPI creation process and aid practi-
tioners in using it in conjunction with 
their own measurement and strat-
egy frameworks. The template can 
be used to 1) create new KPIs from 
scratch, and 2) decompose the ex-
isting KPIs to see their mapping to 
goals and source of measurement in-
formation, and identify any gaps.

Our investigation examines the 
organization’s current practices and 
limitations related to KPI creation 
and monitoring. The case stud-
ies evaluate the effectiveness of our 
model and checklist by mapping 
them to real-world KPIs. On the 
other hand, the checklist acts as a 
validation mechanism for the sound 
definition of the organization’s KPI 
via the template. Finally, we present 
practical insights as a companion for 
day-to-day work with KPIs in a soft-
ware-related context.

Crafting a KPI Creation 
Framework
We created a theoretical KPI model 
in UML notation [Figure 1(a)]. The 
KPI model results from both fun-
damental building blocks from the 
literature and current limitations 
of existing measurement theory. In 
“Overview and, we first discuss the 
prominent literature, then we outline 
how we employed semi-structured 
interviews to evaluate and improve 
our proposed KPI framework, to fi-
nally frame and examine the funda-
mental framework building blocks.

Model as Backbone
“All models are wrong, but some are 
useful” is a concept often attributed 

to George E. P. Box.4 Despite not 
fully capturing system complex-
ity, models can identify patterns, 
serving as tools for analysis and 
decision-making.5 In line with this 
perspective, we created a KPI model 
[Figure  1(a)] to represent the rela-
tionship between the conceptual 
building blocks and their usage, 
supporting practical and actionable 
decision-making.

Template as Crafting Tool
From the KPI model we derived a 
KPI template [see Figure 1(b)] to in-
crease the model’s utility for prac-
titioners. Using this template, we 
conducted case studies to brainstorm 
with practitioners to translate their 
mental model of KPIs into our tan-
gible KPI model.

Checklist as Self-Assessment
To facilitate the correct usage of 
our KPI template, we supplemented 
it with a KPI checklist based on 
Parmenter’s work.3 The checklist 
[see Figure 1(c)] ensures the sound-
ness and correct usage of differ-
ent elements of the KPI model as a 
validation mechanism. While we 
acknowledge the significance of the 
SMART6 (specific, measurable, as-
signable, realistic, time-related) eval-
uation method in defining focused 
goals, we must also recognize its 
limitations when it comes to defin-
ing sound KPIs. The generic nature 
of SMART criteria hinders their op-
erationalization. For instance, the 
“specific” criterion requires a clearly 
stated objective; the interpretation of 
clarity remains subjective and var-
ies across different contexts. Instead, 
we favor the use of objective check-
list items that are tailored for their 
usage in practice and directly align 
with our model. The checklist items 
are described as follows.

•	 Detached from human resource 
(HR) incentives: Parmenter3 em-
phasizes that employee rewards 
should not be associated with 
organizational performance, as it 
can lead to the creation of loop-
holes in the reward system. Con-
tinuing with the example from 
the building blocks, the goal 
“ensure end-users with access to 
IT services without disruption” 
should not be hardwired to set 
employee bonuses. Rather the 
focus should be on service avail-
ability to end users. Similarly, 
for critical success factor (CSF) 
“solving IT incidents within 
agreed timelines,” a team should 
not be rewarded based on the 
number of incidents resolved, as 
this can lead to misuse of the KPI 
framework.

•	 Target driven: Each KPI must 
have an associated quantifiable 
target value based on organi-
zational goals. A KPI without 
a quantifiable target value be-
comes delinked from organiza-
tional goals and strategy.

•	 Action driven: KPIs must be 
action-driven: i.e., if a KPI is not 
meeting its target, the organiza-
tion should know what action(s) 
need to be initiated and who is 
responsible for those actions.

•	 Quantifiable: All KPIs must be 
quantifiable. If a metric cannot 
be quantified, it is not relevant 
for KPI measurement.

•	 Continuous measurement: A 
KPI only measures current per-
formance. Based on Parmenter’s3 
view, a KPI has a continuous 
value and is different from the 
key results that may be based on 
past data. A KPI is like a speed-
ometer on a car’s dashboard that 
tells you how quickly you will 
reach your target. This can only 
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FIGURE 1. KPI framework. (a) KPI model, (b) KPI template, and (c) KPI checklist. HR: human resources.
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OVERVIEW AND METHODOLOGY

RELATED WORK ON SOFTWARE 
MEASUREMENT
The software measurement literature is rich in mea-
surement theory and definitions.S1,S2 However, these 
measurements should be intentional, goal-focused, and 
target-driven.

Basili et al.S3 present a goal question metric approach 
to identify goal-focused metrics. With the goal ques-
tion metric, the system performance is represented at a 
granular level with scattered data that can be aggregated 
as a goal-focused, target-driven key performance indicator 
(KPI) by using our framework.

Kaplan and Norton2 present the idea of using a bal-
anced score card (BSC) to observe a holistic view of the 
system performance across predefined chosen perspec-
tives (e.g., financial, customer, internal business process-
es, learning, and growth, etc.). Parmenter3 uses critical 
success factors (CSFs) to identify the measures for BSCs. 
We use a similar approach to define KPIs per CSF without 
linking them to perspectives. It is up to the organization to 
link these KPIs to a broader strategy framework like BSCs, 
strategic maps, performance prism, etc.

With our framework, we provide a blank template for 
practitioners to work with, eliminating any bias created by 
predefined perspectives. Practitioners can use this tem-
plate to fill in the information about strategic elements of 
our KPI framework in conjunction with the internally used 
strategy frameworks. We do not intend for our KPI frame-
work to replace these established tools. Instead, our goal 
is to assist organizations in developing KPIs with seamless 
integration, using our framework as a supportive tool that 
complements, rather than disrupts, their current workflow.

Quite some variation is observed in measurement 
taxonomy (e.g., metrics,S3 composite metrics,S1 derived 
measuresS2). This leads to collecting nonuniform data 
and creating noncomparable indicators. The measure-
ment information model from International Organization for 
Standardization/International Electrotechnical Commission 
(ISO/IEC) 15939S4 provides a model that aggregates the 
measurement information via base and derived measures 
to indicators that represent the information needed to 
manage goals, risks, and problems of the relevant system. 
With our framework, we break down these information 
needs from the measurement information modelS4 into 

our building blocks (like measures and indicators) and con-
cepts (like goals and CSF) from strategy frameworks that 
motivate the measurement process.

Using the strengths of strategic management tools and 
measurement theory, we aim to create a KPI template that 
practitioners can intuitively use. Our framework aims to 
provide a terminological separation of concerns facilitating 
a systematic approach to link business needs to measur-
able properties of software for performance monitoring. 
We link the KPIs to strategic targets and corrective actions, 
which makes the framework practical and action-driven.

A structured communication of organizational perfor-
mance has become imperative with upcoming regulations 
about data transparency of digital products. For instance, 
with the emergence of the European Union Corporate 
Sustainability Reporting Directive, organizations are now 
required to report CO2 emissions and are obligated to meet 
targets by 2025 for which target-based KPIs are much 
needed.

STUDY METHODOLOGY

Study Design

We used the literature to build the theoretical foundation of 
our KPI model in the form of a UML diagram [Figure 1(a)].  
These building blocks helped us to construct the first draft 
of the KPI template, which was used as input for the semi-
structured interviews having two goals: 1) use  

FIGURE S1. Study methodology.
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(Continued )

practitioners’ feedback and their different real-world KPIs 
to evaluate and improve our framework; and 2) support 
the practitioners in evaluating their KPIs and filling any po-
tential inconsistencies or gaps uncovered by using the KPI 
framework. We carried out this evaluation and improve-
ment loop by conducting four case studies. For each case 
study, we used semi-structured interviews to collect data 
to populate, evaluate, and reflect on the KPI template  
(Figure S1).

To assess our framework’s applicability, we inves-
tigated KPI creation in a financial institute and an avia-
tion organization, focusing on their software systems. 
In the financial institute, we engaged with practitioners 
directly responsible for KPI creation and monitoring. In 
the aviation organization, in turn, we engaged with the 
sustainability officers and the project team responsible 
for monitoring. We identified the missing (red), newly 
discovered (grey), and documented (blue) elements in 
the filled-out templates as shown in Table 1. For defin-
ing the KPIs, we used a hybrid approach (mix of top-
down and bottom-up) in the first three case studies, 
while in the last case study, we used a bottom-up ap-
proach. We concluded this exercise by reflecting on the 
lessons learned.

Model Evaluation

We conducted semi-structured interviews for each ‘im-
provement’ iteration (protocol accessible at https://bit.
ly/4bNhGqq). We held four sessions, each focusing on a 
specific KPI chosen by the practitioners before the ses-
sion. Two sessions had two participants each, while the 
other two had one participant each. Interviews were tran-
scribed using otter.ai (see https://otter.ai/) and revised 
by the first and second authors resulting in an edited 
transcription. As a qualitative research method, we ap-
plied deductive coding together with structural coding 
based on the interview protocol to analyze the transcrip-
tions. During the interviews, we shared the KPI template 
with participants to fill it out collaboratively. This method 
provided in-depth insights into the KPI process for each 
case. Moreover, this step demonstrated and evaluated 
how our KPI framework performs in practice.

BUILDING BLOCKS AS A FOUNDATION
We present the definition of the key terms that act as 
building blocks (Figure S2), each illustrated with a  
concrete example.

	• Goal: “Goal is a long-term outcome that your teams 
use to help define strategies.”a Example: Ensure end-
users with access to IT services without disruption.

	• CSF: “Critical success factors are the limited 
number of areas in which results, if satisfactory, will 
ensure successful competitive performance for the 
organization.”S5 CSFs of the organization are based 
on the goals. Example: Solving IT incidents within 
agreed timelines.

	• KPI: “An indicator that focuses on the aspects of 
software performance that are the most critical for 
the current and future success of the organization.”3 
A CSF should be operationalized by one or more KPIs. 
Example: Percentage of out-of-time incidents. A KPI has 
a fitness function that checks the conformance of the 
KPI value to the KPI target. A KPI is qualified if the value 
meets the target. Example: Fitness function checks 
with every new incident report if the KPI value fell below 
target. If so, action is triggered. If a fitness function is 
not satisfied with a certain KPI target, the KPI stimulates 
action(s) in the organization. An actor is assigned to 

OVERVIEW AND METHODOLOGY 
(CONTINUED)

FIGURE S2. Building blocks of KPI model.
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be measured by the current func-
tion of the car and the future 
path that is visible to the driver.

•	 Frequently measured: A KPI 
needs to be frequently measured 
and continuously monitored to 
check its trajectory of meeting 
the target values.

Figure 1(c) shows the checklist 
items and the KPI model elements 
that it evaluates. For instance, the 
checklist helps check that both goal 
and CSF are detached from HR 

incentives (i.e., focus on service 
availability rather than rewarding 
employees based on the number of 
incidents resolved).

Unraveling KPI 
Development in  
Practice
Models guide processes but do not 
replace human experience; their util-
ity depends on practical use. To as-
sess our framework’s applicability, 
we elaborate on the four case studies 
for KPI creation in practice.

Case 1: Availability KPI
The finance world is regulated 
through standards set by the na-
tional central bank in conjunction 
with (in our case) the European 
Central Bank. These regulations en-
compass various aspects of a bank’s 
operations, defining what needs to 
be measured and the desired out-
comes. Among these standards 
lies a crucial focus on the avail-
ability of Internet banking and in-
stant payments. This KPI takes on 
a unique role as an escalation limit 

the action and is responsible for the execution and 
monitoring of the action. Example: Root cause analysis 
is initiated by the teams responsible for unresolved 
out-of-time incidents.

	• Metric: “Quantitative measure of the degree to which 
a system, component, or process possesses a given 
attribute.”b

	• A KPI is quantified by one or more metrics. These 
metrics are extracted from the software system. 
Example: Unresolved out-of-time incidents, Total 
unresolved incidents

	• Measure: “A variable to which a value is assigned as 
the result of a measurement.”c It is the atomic value 
that is the output of a measurement process; hence, 
we treat it as a base measure.S2 Based on the con-
text, measures can be aggregated by using a compute 
function to define a metric. Example: incident status, 
reporting time, resolution time, total incidents, etc.

The breakdown into five hierarchical concepts makes it 
easy to visualize and decompose a high-level goal into 

concrete measurements. The rationale for these measure-
ments is associated with the identification of a CSF and a 
KPI. These building blocks can be used to define a KPI in a 
structured manner. The process can consist of a top-down 
or a bottom-up approach (Figure S2).
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set by external regulators. In other 
words, this KPI sets a threshold 
above which concrete action must 
be taken.

Due to its significance, the 
availability KPI is extensively docu-
mented, monitored, and communi-
cated across various management 
levels. Consequently, our interview 
participants easily engaged with 
our KPI template and defined its 
building blocks. However, while 
determining the goal and CSF, a 
discussion emerged concerning the 
origin of the goal. While the inter-
nal goal centers around meeting 
external regulations, the external 
goal, as set by the European Cen-
tral Bank, emphasizes the need for 
stable and reliable payments for the 
broader society.

We can confirm that our KPI 
template and checklist facilitated 
stimulating discussions, leading to 
reevaluating decisions. One study 
participant noted, “[the template] 
is nice to see the big picture and for 
teams to see where they are in the big 
picture.” As technology and regula-
tions continuously evolve, this un-
derstanding becomes increasingly 
crucial for software-driven compa-
nies to achieve a balance between 
meeting external demands and fos-
tering internal strategies.

For “availability KPI” (for Case 
1 in Table 1), the metric is trans-
lated directly as a KPI. The only 
difference between the two is the 
need for a target and an action for 
a KPI, as the availability metric it-
self can be reused for another KPI 
as well. The targets are divided into 
two threshold values based on traf-
fic time (prime and nonprime). Al-
though a CSF was not documented 
internally in the organization, the 
participants identified one in the 
context of this KPI’s goal.

Case 2: Incidents KPI
Smooth operations are of high im-
portance for a financial institution. 
To ensure the availability of ser-
vices, incident resolution is moni-
tored across all services. An incident 
translates to an event responsible for 
service degradation or disruption, 
causing limited to no availability of 
services to the users.

Conformance to availability and 
restoration of services drive inci-
dent management goals, creating 
an interdependency with the avail-
ability KPI. Our study participant 
called it a “subprocess of avail-
ability.” Such dependencies need to 
be analyzed for the validity of the 
KPIs and the impact of their ac-
tions on other KPI values. Case 2 
in Table 1 shows the “out of time 
incidents” KPI mapped on our tem-
plate. Our study participant found 
it “fitting easily” to their KPI pro-
cess. It measures the percentage of 
incidents whose resolution is due 
per the agreed timeline.

This KPI has a target based on the 
number of incidents and resolution 
time. Our study participant observed 
that “the number of incidents is not 
a very smart way to measure.” This 
number is dependent on factors like 
deployment frequency, number of ap-
plication users, etc. which may change 
the perspective in terms of perfor-
mance indication. Further, the resolu-
tion time may be different for different 
incidents and its correlation is not es-
tablished yet with the incident type, 
priority, impact, and time-to-resolve. 
Such metrics may be important to 
measure monitoring progress in terms 
of incident resolution, but their rep-
resentativeness of organizational per-
formance is doubtful.

This KPI assesses incident impact 
on end users, especially total ser-
vice disruption, determining incident 

resolution priority. It is the sole KPI in 
our case studies considering end-user 
impact for incident prioritization.

Through annual reviews, tweaks 
were made to the KPI over time. 
The institute discovered that an im-
properly defined KPI can potentially 
“blur the situation” or “diversify the 
attention.” According to our study 
participant, “simplification is key.” 
The focus should be on the value 
provided by the KPI for organiza-
tional performance instead of what 
possible visualizations can be de-
rived from raw data.

Case 3: Capacity KPI
In the participating financial institu-
tion, the third KPI revolves around 
cloud server capacity and its scaling 
for improved efficiency. By monitor-
ing this KPI, the organization iden-
tifies opportunities for cost savings 
through recommendations. For in-
stance, when the system detects un-
used resources in a four-CPU core 
cloud instance, it suggests resizing 
the server to a two-CPU core in-
stance. The cloud provider’s cost cal-
culator provides an estimate of cost 
savings per recommendation.

While this KPI may seem straight-
forward, we discovered that it actu-
ally aligns more with the goal of cost 
savings, rather than with managing 
cloud resources, as its name implies. 
Due to this observation, we recog-
nize that our checklist could be ex-
tended by having a control check 
ensuring the KPI accurately repre-
sents its intended goal.

During the discussions with our 
study participants, all checklist 
items were easily verified. However, 
the topic of decoupling HR incen-
tives sparked a brief discussion. The 
study participant shared that internal 
ideas included rewarding teams for 
outstanding performance, potentially 
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with nonfinancial incentives, like free 
pizza. While these rewards might be 
acceptable, the checklist inspired a 
discussion about keeping KPIs inde-
pendent of financial incentives.

Furthermore, we uncovered ideas 
of reusing this KPI to achieve the goal 
of reducing energy consumption. Al-
though resizing cloud components 

can enhance energy efficiency, this 
statement cannot be universally gen-
eralized. Reusing a KPI for multiple 
goals may violate the checklist item 
“Target Driven.” If the target shifts 
from “right-sizing cloud applications” 
to “becoming more sustainable,” the 
KPI could lead to wrong conclusions 
and especially wrong actions.

The “capacity KPI” (Case 3 in Ta-
ble 1) is not represented as a capac-
ity value. Instead, it is represented 
as a collection of measures. Metrics 
are found missing. The KPI target 
is achieved if the recommendations 
for improving capacity with a cost 
of more than €250 are resolved 
within two months. If they are open 

Table 1. KPIs from the case studies.

Case 1: Availability KPI

Goal CSF KPI Metric Measure 

Adhere to external 
regulations 
 
 

Pass internal audit Availability (%) Availability = (No. 
of successful 
transactions / No. of 
total transactions) 
× 100 

No. of successful 
transactions
No. of total transactions  Target Action 

>99.88% prime time
>98.5 nonprime time 

Resolve failures 

Case 2: Incidents KPI

Goal CSF KPI Metric Measure 

Ensure end-users with 
functionality as soon 
as possible without 
disruptions 
 
 

Solve IT incidents 
within agreed 
timelines 

Out of time incidents (%) Importance
Time to resolve 

Incident, incident time, 
reporting time 

Target Action 

<10% Out of time 
incident resolutions 

Root-cause 
analysis 

Case 3: Capacity KPI

Goal CSF KPI Metric Measure 

Cost reduction for 
cloud resources   

Reduce the number 
of recommendations 
for cost optimization 

Total 
recommendations, 
recommendation cost, 
recommendation time 

Target Action 

Recommendation 
cost; >€250 and open 
recommendation <2 
months 

Root cause 
analysis and 
follow up action 
plan 

Case 4: CO2 emissions KPI

Goal CSF KPI Metric Measure 

Become net-zero by 
2023 
 
 

Cost-effective CO2 
reduction 

CO2 emission Power (kW) 
 
 Target Action 

[Proposed] 
Optimize power 
settings of 
monitors 
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for action after two months, alerts 
should be triggered.

Case 4: CO2 Emissions KPI
We conducted our final case study in 
an aviation organization that is creat-
ing a new KPI with the premise that 
reducing the brightness of display 
screens cuts power usage. This would 
eventually contribute to the reduc-
tion in CO2 emissions at the orga-
nizational level. However, there is a 
caveat of doing it at an optimal cost.

Case 4 in Table 1 shows the 
“CO2 emission KPI” created using a 
bottom-up approach. A power con-
sumption metric is identified that is 
used to compute a CO2 emissions 
metric, which is translated directly 
into a KPI. The KPI is missing a tar-
get value and a tentative action is 
identified by the interview partici-
pants. The participants had a hard 
time linking the KPI to a CSF. First, 
because the organization does not 
have any CSFs defined; second, they 
found the distinction between the 
CSF and the goal a bit fuzzy. A top-
down approach can help tackle such 
issues by first deriving appropriate 
CSFs for the goals that can be used 
to create appropriate KPIs.

The study participants acknowl-
edged that besides power consump-
tion, hardware procurement also 
contributed to CO2 emissions, which 
is not factored in the KPI definition 
at the time. Other projects within 
the organization might use different 
measures that impact CO2 emissions. 
As a result, the use of the KPI tem-
plate reveals the need for additional 
measures to ensure a comprehensive 
and accurate definition of the KPI.

The team encountered challenges 
in establishing cost-effective targets. 
Although cost played a significant 
role in the KPI’s success, it was not 
explicitly addressed in the KPI goals. 

Notably, this pattern of cost-effec-
tive KPI targets was also observed 
in the capacity KPI of the financial 
organization. Ideally, the CO2 emis-
sions target should solely focus on 
reducing emissions, while cost re-
duction should have its own set of 
KPIs and targets. This distinction 
would ensure clarity in goal setting 
and facilitate more effective moni-
toring of progress in each area.

Participants noticed a gap be-
tween project-level (operational) 
and organization-level (strategic) 
goals: projects aimed for cost-effec-
tive optimization, while the organi-
zation aimed for a net-zero carbon 
footprint. This difference in goals 
contributed to the ambiguity sur-
rounding the KPI target. Moreover, 
the KPI was designed to be action-
driven, with plans to adjust power 
settings at arbitrary times to identify 
optimal targets. Through this exer-
cise, the participants saw the impor-
tance of evaluating actions’ impacts 
on KPI values and how changes, like 
new hardware procurement, could 
affect KPI measurements and tar-
gets. Aggregating the CO2 emissions 
KPI into an organization-level sus-
tainability KPI was also challenging.

Insights From the Case 
Studies: A Retrospective
The four case studies facilitated the 
evaluation of the utility of our KPI 
template and checklist in the context 
of software. They helped the organi-
zations in both visualizing the KPI 
creation structure and identifying 
the shortcomings in the existing KPI 
creation and monitoring approaches. 
The following presents our related 
insights for theory and practice.

Insights for Practice
•	 Monitor for inter-KPI depen-

dency: Software systems are 

subject to coupling between dif-
ferent components. KPIs for soft-
ware systems also reflect these 
interdependencies. While taking 
action, KPIs should be monitored 
for dependencies and the impact 
of chosen actions. The KPIs can 
also be used to visualize the 
dependencies between software 
quality attributes represented by 
such metrics.

•	 Reuse measures: With our 
KPI framework, we encour-
age reusing measures to en-
able a uniform and consistent 
measurement process. Large 
organizations with different 
departments may use the same 
metric in different contexts for 
their respective KPIs. Hence, one 
metric can be used in multiple 
KPI definitions based on the dif-
ferent contexts of projects in the 
organization. These metrics can 
also be reused to monitor the 
achievement of milestones via 
objectives and key results. The 
measurements can also be reused 
for other quality and progress 
checks within the organization.

•	 Develop regulations and policies 
to drive KPI targets: Goals for 
organizations may be divided 
into internal and external goals. 
These external goals are driven 
by external stakeholders, like the 
government or central regulatory 
authorities. As observed, these 
regulations have a significant 
impact on the creation of and 
conformance to a specific KPI, 
as they often come with mon-
etary or operational penalties. 
The regulations may also define 
the exact targets and metrics. 
Hence, regulatory intervention 
can play a pivotal role in intro-
ducing new KPIs in a systematic 
way. As an example, emerging 
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technology areas, like generative 
AI or sustainability reporting, 
call for regulations. Sound KPIs 
can help organizations conform 
to such new requirements.

•	 Define realistic actions at KPI 
design time: To reach a KPI tar-
get, concrete and realistic action 
points should be defined at the 
design stage, addressing how to 
improve the KPI or respond if it 
falls behind. Metrics help iden-
tify suitable action areas. For 
long-term goals, monitoring the 
velocity of target achievement 
ensures making the goals, tar-
gets, and actions more realistic.

•	 Incorporate feedback loops to 
manage outdated KPIs: From 
our cases, we observed that an-
nual audits are conducted to 
validate the relevance of a KPI. 
With the rapid evolution of soft-
ware, periodic audits ensure the 
relevance of KPIs to organiza-
tional goals. This further ensures 
the collection and monitoring of 
only essential data by removing 
outdated KPIs. It is important to 
include a feedback loop involving 
all stakeholders of a KPI to en-
sure the KPIs are relevant to the 
organizational goals over time.

•	 Avoid bottom-up KPI creation: 
We recommend a top-down or 
hybrid approach (Figure S2) to 
KPI creation, ensuring organiza-
tions measure only what’s nec-
essary. A bottom-up approach 
risks force-fitting KPIs to goals, 
skewing performance represen-
tation, and causes organizations 
to struggle with target setting.

Insights for Theory
•	 Terminological separation of con-

cerns makes the KPI framework 
tangible: Varying terms in mea-
surement theory create ambiguity 

about measures, metrics, and 
KPIs. Organizations often confuse 
these terms. Clear differentiation 
allows systematic aggregation of 
measurements into KPIs, enables 
reuse by keeping measures and 
metrics independent of targets, 
and prevents the definition of an 
excessive number of KPIs.

•	 The idea of a single value target 
is not absolute: The current KPI 
model [Figure 1(a)] was created 
with the assumption that a KPI 
has a single target with a single 
threshold value. From our cases, 
we observe that some KPIs may 
require multiple KPI thresholds 
based on contextual information, 
e.g., availability KPI. Other KPIs 
may require a composite target 
based on the fulfillment of certain 
conditions, e.g., capacity KPI. 
Hence, a KPI can have single, 
multiple, or composite targets.

Looking Ahead
Our framework helps practitioners 
brainstorm and refine KPIs, com-
bining strategic and measurement 
elements to facilitate discussions be-
tween business and technical stake-
holders. Insights from case studies 
translate strategic goals into action-
able plans. Designing KPIs tailored 
to monitor the right measures allows 
continuous assessment and adjust-
ment, which is crucial for maintain-
ing compliance. This proactive 
approach helps decision makers stay 
ahead in the agile software develop-
ment and regulatory landscape.

The KPI framework can be em-
ployed to represent and monitor the 
quality of software across any phase 
of the software development lifecy-
cle with scoped goals. For instance, 
Sürücü et al.7 provide a list of KPIs to 
measure software development pro-
cesses. They identify the challenge of 

filtering the right data to create cus-
tomized KPIs per organization, which 
can be supported through our goal-
focused KPI framework by measuring 
metrics motivated by critical success 
factors. They also acknowledge stake-
holder involvement as a crucial factor 
in the KPI definitions, which is also 
reflected by our case studies.

Challenges lie in the defini-
tion of KPI functions to aggregate 
metrics into a single KPI value. Al-
though theory can provide models 
and frameworks to develop KPIs, ex-
pert experience and knowledge must 
supplement the process for sound 
KPI development, e.g., by keeping 
the number of KPIs small, defining 
abstraction levels, providing theoret-
ical support for KPI function defini-
tions, settings targets, etc.

Looking ahead, measurement 
frameworks (e.g., Sustainability As-
sessment Framework Toolkit8, Green 
Software Measurement Model9) or 
awareness frameworks (e.g., Sustain-
ability Awareness Framework10) offer 
the potential to integrate our template 
and checklist to create sound KPIs. 
Follow-up case studies may explore 
these frameworks in conjunction with 
our template and introduce new check-
list items as needed. In the long term, 
we will benefit from widely accepted 
and well-defined KPIs that facilitate 
the measurement of software systems 
and improve their comparability.

W e evaluated the utility 
of the proposed KPI 
framework via four 

case studies and gained insights into 
the dos and don’ts of creating KPIs. 
The study participants found the 
framework helpful, intuitive, and 
actionable. In the future, we aim 
to use the instruments of this KPI 
framework to facilitate software 
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practitioners in identifying CSFs 
from software quality goals. Supple-
mented with the available measure-
ment frameworks, this will aid in 
identifying the right metrics for ac-
tion-driven KPIs. 
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