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Organizational Ohm’s Law in Practice: Measuring
Engineering Productivity

Fei Liu

Abstract—Engineering productivity measures how effectively
engineering teams produce valuable outcomes during a specific
time frame. In this article, we aim to quantitatively explore the use
of organizational Ohm’s law to measure productivity in software
engineering. According to this law, organizational productivity is
directly proportional to outcome—output efficiency and organi-
zational potential, while inversely proportional to organizational
resistance. We derive measurable metrics from this law, which in-
clude engineer time allocation, engineer motivation, engineer skills,
outcome—output alignment, lines of code, and usage-based business
impact. We propose various practical methods to obtain these
metrics and explain the considerations to determine the appropri-
ate methods. Using these metrics, we comprehensively study and
document four software product development projects. We apply
the law to measure the engineering productivity of the projects. Our
research supports the validity of organizational Ohm’s law using
lines of code output and usage-based business impact outcome. Our
work demonstrates that organizational Ohm’s law could provide
an effective and intuitive model for understanding engineering
productivity challenges.

Index Terms—Alignment, artificial intelligence (AI), business
impact, engineering productivity, engineering velocity, lines of code
(LOC), motivation, organizational Ohm’s law (OOL), outcome,
output, productivity, skill, time allocation.

I. INTRODUCTION

OFTWARE engineering productivity research has gained
S great attention from researchers and practitioners with di-
verse backgrounds over the past half-century [1], [2], [3], [4],
[5], [6], [ 7], [8], [9]. However, the quest to understand software
development and improve its productivity continues. The on-
going interest in software engineering productivity is partially
driven by enormous demand: software is eating the world [10],
and every company has become a software company [11]. This
interest is also driven by a lack of supply: the goal of software
development has expanded from delivering high-quality prod-
ucts on time and within budget to delivering high-value products
that delight customers. Software technology, tools, development
methodology, and business approaches have been explored and
improved constantly. However, there are still significant gaps in
equipping engineers and managers with easy-to-use and com-
prehensive engineering management models so that they can
make informed decisions.
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Early software engineering productivity studies focus on
sharing insightful qualitative empirical observations for soft-
ware engineering. For example, Conway’s law describes the
relationship between a system and its design organization and
concludes that a design effort should be organized according to
communication needs [1]. The mythical man-month points out
that adding manpower to a late software project makes it slower
due to increased intercommunication overhead [2].

Researchers in the 80s and 90s made significant progress
in quantitatively modeling software engineering planning and
management. Software cost estimation methods, such as the
constructive cost model (COCOMO) [12], [13] and function
point analysis [14], [15], have been developed to a high level
of detail. However, the cost estimation methods cannot be
meaningfully applied without extensive initial calibrations to
company-specific local data. In the meantime, a balanced score-
card was introduced from a strategy and general management
angle. It encourages goal setting and performance measurement
with a balanced scorecard. Even though the work is not software
engineering-focused research, it points out the importance of
looking at (engineering) business not only from an internal (engi-
neering) business perspective but also from financial, customer,
innovation, and learning perspectives [16], [17].

Recent software development and management studies and
practices, such as story points [18], scaling agile@Spotify [19],
and the two-pizza rule [3], are developer centric and built on
DevOps and agile concepts. The industry software productivity
or engineering velocity best practices are practical, valuable,
and widely adopted, but typically only focus on particular as-
pects of productivity and are hard to prove scientifically and
learn by other organizations [20]. Over the past several years,
studies, such as DevOps metrics [5], [6] and a SPACE method
[8], emphasize that developer productivity is influenced by
multidimensional input metrics, such as developer satisfaction
and well-being. However, the studies do not connect the input
metrics with a formulable relationship to help understand their
inter-relationship.

Table I presents a comparison of research studies on soft-
ware engineering productivity. These studies address various
aspects of software engineering planning and management, and
use different methodologies. The comparison evaluates whether
the research studies provide qualitative insights or quantitative
models, focus on engineering or business impact, and consider
multidimensional inputs beyond software development deliv-
ery. However, none of the research studies provide a model
that can meet all five criteria. In practice, dominant software
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TABLE I
COMPARISON OF SOFTWARE ENGINEERING PRODUCTIVITY RESEARCH WORK

Research Work
Insight

Qualitative Quantitative Engineering Business

Multi-
dimensional
inputs

Model Impact Impact

Conway’s law [1]

Mythical man-month [2]

COCOMO and COCOMO 1I [12],[13]
Function point analysis [14],[15]
Balanced scorecard [16],[17]

Story point analysis [18]

DevOps metrics [5],[6]

SPACE method [8]

OOL [22, this work]
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development management approaches are still based on expert
judgment within silos, despite the fact that less tech-centric
functions, such as sales, marketing, finance, and human re-
sources, use data-driven management approaches. Therefore,
there is growing interest in continually developing a practical
and measurable engineering productivity model.

Moreover, the engineering management community still lacks
systemic, real-world empirical studies on engineering productiv-
ity. This is because collecting empirical data requires significant
operational effort. It can also involve some form of employee
monitoring. Hence, careful consideration is necessary to choose
suitable approaches to obtain the data and use the engineering
productivity process as a learning and improving mechanism for
engineers and managers. Although some industry case studies
have been collected to support traditional software cost estima-
tion methods [12], [21], technological capabilities, engineering
practices, business expectations, and culture for how to build
valuable software products have all changed dramatically over
the past few decades. There is a need to document modern
software engineering case studies with multidimensional inputs
quantitatively.

Furthermore, organizational Ohm’s law (OOL) was proposed
to describe the relationship between organizational productivity
(also known as organizational velocity) and its influencing fac-
tors: outcome—output efficiency, organizational potential, and
organizational resistance [22]. Qualitative reasoning and empir-
ical examples were provided to illustrate the comprehensiveness
and intuitiveness of the model. However, it is interesting to
demonstrate the quantitative nature of OOL. It is also valuable
to apply OOL to modern software development to show its
usefulness or limitations.

In this work, we develop an easy-to-use quantitative engi-
neering productivity model: quantitative OOL. The model can
be used for multidimensional outcomes. It is not only helpful
in measuring engineering-focused metrics, such as lines of code
(LOC), but also applicable to evaluating business-focused met-
rics, such as business impact. The model takes into account mul-
tidimensional inputs, including software development processes
(percentage of time spent on coding, documentation, com-
pany processes, engineering processes, testing, and infrastruc-
ture), organizational structure and communication (percentage
of time spent on communicating or decision waiting), employee

growth (engineering motivation and skills), and goal alignment
(outcome—output alignment). We apply the quantitative OOL to
industry product development projects and document the project
details and their engineering productivity metrics. We discuss
considerations required to choose suitable approaches to obtain
engineering productivity metrics. The work demonstrates the
ways in which engineers and managers can use quantitative OOL
in their day-to-day work.

The rest of this article is organized as follows. In Section II,
we will explain our research methodology. In Section III, we
will derive a quantitative OOL equation and identify engineering
productivity metrics. In Section IV, we will apply OOL quan-
titatively to analyze product feature developments and test the
validity of OOL. In Section V, we will discuss the limitations of
the work and future directions. In Section VI, we will conclude
this article.

II. METHODOLOGY

Fig. 1 provides a schematic overview of the methodology
employed. First, we start with OOL, inspired by Ohm’s law in
electrical engineering, to formulate a quantitative OOL equation.
We identify metrics that can be measured objectively or subjec-
tively to represent the variables in the quantitative OOL. Second,
we choose four software product development projects to study
and document the details of the projects. Third, we apply the
quantitative OOL to the selected projects. We evaluate various
approaches to collect the OOL metrics, discuss their pros and
cons, and choose the most suitable approaches to obtain them.
For OOL input metrics, we obtain organizational resistance
metrics in the form of time allocation percentage, and individual
potential metrics in the form of engineer skill and motivation
scores. For OOL output and outcome metrics, we obtain output
metrics in the form of lines of code, and outcome metrics in the
form of business impact. We also obtain project duration and
outcome-output efficiency metrics for lines of code output and
business impact outcome. Fourth, we use the collected metrics to
test the validity of OOL under lines of code output and business
impact outcome scenarios. In summary, we derive a quantitative
OOL equation and use a quantitative deductive approach with
data collected from cross-sectional case studies to test its validity
in this work [23].
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Fig. 1. Research method diagram.

III. MAKING OOL MEASURABLE

OOL, inspired by Ohm’s law in electrical engineering, is
introduced to describe organizational productivity, i.e., organi-
zational velocity. OOL states that outcome current, and hence
organizational velocity, is proportional to outcome—output effi-
ciency and organizational potential, and inversely proportional
to organizational resistance [22]

Toutcome = N X Ioutput =nX

R
0] v
— =1nX -
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where Ioycome 1 the outcome current, Ioygpy is the output current,
O is an outcome, D is the time duration to achieve the outcome,
n is the outcome—output efficiency, V' is the organizational
potential, R is the organizational resistance, v is the average
individual potential, RS is the structure resistant, R* is
the self-resistance, Reollaboration o the collaboration resistance,
[Rinfrastructure 5o the infrastructure resistance, and RP/S g the
process resistance.

We use outcome current to describe organizational velocity
in terms of an effective outcome. An outcome is the net useful
output that aligns with organizational goals. Output describes
deliverables produced by organizations. An outcome depends
on the nature of the organizations and their objectives. For
example, engineering, product, and design organizations often
aim to provide customers with the features they need and want.
Output that aligns with the objectives of the organization is
treated as an outcome. The ratio between outcome and output is
outcome—output efficiency.

Organizational resistance is a summation of structure resis-
tance, process resistance, and infrastructure resistance. Structure
resistance consists of self-resistance and collaboration resis-
tance. Similar to intrinsic resistance from copper wire in the
engineering setting, self-resistance is the minimum resistance

engineers impose on an organization. Self-resistance can be
thought of as resistance that assumes that individuals can work
without collaboration overhead and use optimal processes and
infrastructure. Collaboration resistance is the resistance due to
project communication and dependencies [24]. Process resis-
tance is the resistance to following engineering and company
processes, and infrastructure resistance is the resistance due to
inefficient infrastructure.

OOL and its equivalent circuit approach are applied qualita-
tively to explain and optimize various engineering productivity
situations [22]. However, to obtain a practical quantitative OOL,
we need to derive easy-to-obtain metrics for its variables. When
formulating a quantitative OOL equation, we aim to prioritize
simplicity so that OOL can be usable in real-world contexts
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where T°!f is the time spent for self-engineering development,
reollaboration jq the time spent due to collaboration, TP is
the time spent for processes, 7nfrastucture jq the time wasted
on inefficient infrastructure, T is the working time, rs¢!f is the
average individual self-resistance, N is the average number of
engineers working on the project during the project duration,
Umax 18 the maximum average individual potential, m is the
average engineer motivation, 5 is the average engineer skills,
Mmax 1S the maximum average engineer motivation, Spax 1S
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the maximum average engineer skills, and % is a constant with
its value equal to the maximum average individual potential
dividing by average individual self-resistance.

Equation (2) transforms the abstract idea of organizational
resistance into quantifiable time allocation measurements. We
use time allocation as a measurable metric to represent the
components of organizational resistance because time alloca-
tion is relatively easy to obtain through surveys or information
technology tools and is widely used by organizations to study
productivity [25], [26]. It is also because the concept of time
spent can be intuitively connected with the concept of resistance.

The derivation assumes that the first-order approximation
of the average individual self-resistance is a constant across
projects, which is because the individual self-resistance is a
hypothetical limitation and an average across a group of en-
gineers. However, the second-order effect of average individual
self-resistance may depend on the nature of software develop-
ment, such as software use cases, product development stages,
software architecture, and programming languages [13], [27],
[28].

Average individual potential is a function of average engineer
skills and motivation. The derivation makes a simplification and
uses the product of average engineer skills and motivation as an
approximation of average individual potential. We also introduce
the maximum average individual potential, maximum average
engineer motivation, and maximum average engineer skills to
scale average individual potential, average engineer motivation,
and average engineer skills, respectively, so that the metrics can
be easily achieved and analyzed using surveys.

Equation (2) states that an outcome during a period is pro-
portional to an average number of engineers working on a
project (N, with a unit of people), alignment with a desired
goal (7, a relative parameter without unit), relative average
engineer motivation and skills (ﬁ, i, relative parameters
without units) and percentage of time spent on core engineering
development (ﬂ, a relative parameter without unit), and a
constant (k = mfﬁ) The constant k is a hypothetical limitation
of individual engineering productivity; its unit is the unit of
outcome metric per person per time.

In contrast to Ohm’s law in electrical engineering, where
variables are independent, the input variables on the right side
of (2) may be interdependent. For instance, if more engineers
are added to a project, it would increase the time required for
the team to collaborate, resulting in a decrease in the percentage
of time spent on core engineering development. Eliminating en-
gineering or company processes would increase the percentage
of time spent on core engineering development but could pose
risks in terms of aligning a project with its goal or motivating
and upskilling engineers.

IV. APPLYING OOL TO PRODUCT-FEATURE DEVELOPMENT

In this section, we will apply OOL in real-world product
development situations. We will explain the projects selected
for the study, the approaches to obtain measurable metrics for
the variables in OOL, and the validation of OOL.
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A. Choosing Projects to Study

To begin designing measurements, it is important to decide
which projects to evaluate. Okta, an enterprise software com-
pany, has an annual innovation survey process. In the pro-
cess, the engineering and product leadership nominates the top
projects their team delivers throughout the year, and employees
in the sales organization are invited to rate the nominations.
In this study, we utilize the company-wide survey process by
selecting product-feature development projects from the nom-
inations. These projects are significant software product de-
velopment that can directly affect the company’s overall per-
formance, and some may even be considered new products.
From a managerial perspective, keeping track of productivity
metrics allows the company to gain timely engineering man-
agement insights. From a research perspective, these projects
represent large-scale, modern industry software product de-
velopment. We can gather valuable datasets, conduct system-
atic studies, and gain practical insights by examining these
projects.

We selected the four most significant product-feature devel-
opment projects. These features are detailed in Table II. Project
A is an IT/security feature that can be used by employees,
contractors, or partners. It has both front-end user interfaces
and back-end functions, and is compatible with major operating
systems. The backend is written in Java, while the frontend is
written in JavaScript. Its macOS/iOS clients are written in Object
C and Swift, while its Android clients are written in Kotlin and
Java. Its Windows clients are written in C/C++. Most of the
codes were built on the company’s core monolith repository,
which has more than ten million LOC. Project B is also an
IT/security feature, but it is used by administrators. It has a
back-end function and front-end user interfaces, and is written
using Java and JavaScript. It is also built on top of the core
monolith repository. Project C is a no-code platform as a service.
It is an IT/security feature used by administrators. It is written
using node.js and Rust. It utilizes a microservices architecture.
Project D is an IT/security feature used by administrators with
end-user participation. It consists of back-end functions and
front-end user interfaces. It is written using Java and node.js.
The project is built using a macroservices architecture, which
consists of microservices within the core monolith with shared
databases. These projects took from 13-28 months from the
projects’ start to the general availability (GA) of the product
features. The average number of engineers per team varies from
5.3to 38. Project C uses a tuck-in acquisition to speed up product
development. The tuck-in mergers and acquisitions (M&A) is
a process in which a larger company acquires a smaller one to
integrate the newly acquired technical capability into its own
platform.

These selected product features have been developed over
multiple years as a part of enterprise software-as-a-service
IT/security products. They cover a wide range of complex
software development situations, such as complicated software
requirements, multiple programming languages, mixed software
architecture, and the choice of M&A.



11498

IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT, VOL. 71, 2024

TABLE II

PROJECT DETAILS AND OOL MEASURABLE METRICS

Metric Project A Project B Project C Project D
Function Backend, Backend, Integrations, Backend,
frontend, frontend frontend frontend
clients
. Language Java, Java Node.js, Java,
Project JavaScript, Rust Node.js
Characteristic Swift,
Kotlin,
. Objective C,
Project C/C+
Information Architecture monolith monolith microservices macroservices,
microservices
Project Project duration in month 28.00 17.00 13.00 21.00
Schedule
Average number of engineers 38.00 5.30 18.00 15.29
Project Whether to integrate with No No Yes No
Resource an acquisition
Percentage of time spent on 9% 5% 18% 5%
communicating or decision
waiting
Percentage of time spent on 42% 45% 53% 55%
coding
Engineer Percentage of time spent on 5% 5% 5% 5%
Time documentation
Allocation Percentage of time spent on 5% 4% 7% 5%
Input company processes
Metric Percentage of time spent on 9% 6% 5% 5%
engineering processes
Percentage of time spent on 8% 30% 5% 10%
testing
Percentage of time wasted in 8% 3% 2% 10%
infrastructure inefficiency
Engineer Relative motivation score 0.74 0.80 0.68 0.97
Motivation
Engineer Relative skill score 0.52 1.00 0.68 0.77
Skill
LOC written from 453 357.00 144 104.00 140 618.00 313 013.00
project start to GA
LOC LOC GA 595 222.00 149 011.00 5 842 873.00 313 013.00
LOC per engineer 5113.00 19 193.00 7211.00 11 701.00
Output per year
Scenario Outcome-output Output-output alignment 1.00 1.00 1.00 1.00
Efficiency score
Time Equivalent project duration 28.00 17.00 13.00 21.00
Duration in month
Output current per year 194 296.00 101 720.00 129 801.00 178 865.00
OO0OL Input product 7.33 3.18 4.79 7.45
Usage-based Usage-based business impact 13 105.91 2 002.59 14 199.40 8095.46
Business Impact
Outcome—output Outcome—output alignment 0.89 0.77 0.83 0.77
Efficiency score
Outcorpe Time Equivalent project duration 28.00 17.00 49.00 21.00
Scenario Duration in month
Project Project performance 0.17 0.46 0.22 0.38
Performance
Outcome current per year 5616.82 1413.59 3477.41 5596.93
OOL
Alignment*Input product 6.54 2.46 3.96 5.73

B. How to Measure OOL Input Metrics

1) Evaluating Approaches to Obtain Input Metrics: Accord-
ing to (2), organizational resistance can be measured by ana-
lyzing engineer time allocation, and individual potential can be

determined by evaluating relative average engineer motivation
and skills. One method involves using modern hardware and
software, such as laptops, mobile devices, workstations, Google
or Microsoft calendars, Slack, Zoom, and Microsoft Teams, to
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obtain screen time reports, time breakdowns for meetings and
nonmeetings, and track communication time. Git software, such
as GitHub or GitLab, records commit activities, which can be
used to estimate coding time [29]. Project management tools,
such as Jira, can be analyzed to get task info, derive story points,
or obtain time spent on tasks and wait time for dependencies [30].
These methods are objective, data-driven, and can be automated,
although implementing employee monitoring requires careful
planning and transparent communication. The data collection
process also requires IT support, and it is impossible to obtain
historical data. Therefore, these methods are suitable for contin-
uous engineering velocity operations but may not be practical
for research studies or pilots.

Another approach is to collect survey data from engineers.
An engineering survey is a convenient tool to track engineering
velocity operations. Metrics, such as employee time allocation,
satisfaction scores, turnover rates, management ratings, culture
scores, and performance scores, can be used to come up with
organizational resistance and individual potential. However, a
self-reported engineering survey involves reaching out to at least
78 engineers, which requires planned communication and can
create an unnecessary burden on their core engineering function.
Moreover, some engineers on a project may leave the company at
the time of a survey, while others join during the project. Similar
to the software usage methods, the engineering survey is not the
best way to conduct a backward-looking research study.

Fortunately, the engineering leaders for the four projects stud-
ied have been responsible for their projects from the beginning.
Also, improving engineering velocity is their responsibility and
interest. After evaluating the options, we decided to invite the
leaders to fill out an engineering velocity metrics questionnaire.

To ensure information reliability, more than one person was
involved in collecting metric data or reviewing it for each
project. Typically, other managers, the most senior engineers,
or technical project managers were brought into the process. In
fact, these leaders often proactively involved additional people
to contribute to the data collection.

Initially, we were concerned that the leaders might be un-
willing to share information about their team’s performance and
afraid the data would be used to compare them with peers. So, we
transparently communicated the purpose of data collection: data
collection is mainly for engineering velocity research, data from
multiple projects are collected, and useful learnings may be used
to improve engineering operations. Furthermore, the leaders
have the most practical knowledge of engineering productivity.
Therefore, we not only involved them in filling out the question-
naire but also observed their reactions and encouraged them
to ask questions and provide suggestions. Surprisingly, they
welcomed the productivity study and took it as an opportunity
to share engineering velocity observations and challenges.

2) Obtaining Organizational Resistance and Average Indi-
vidual Potential Metrics: We asked the leaders to provide infor-
mation about engineer time allocation, engineer motivation, and
engineer skills, as shown in the corresponding rows of Table II.
For time allocation, we asked leaders to specify the percentage
of time their teams spent on different activities, including com-
munication or waiting for decisions, waiting for dependencies,
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coding, documentation, doing company processes, doing engi-
neering processes, testing, and dealing with the inefficiency of
engineering infrastructure. Furthermore, we asked the leaders
to rate average engineer motivation on a scale of 0-5, with 5
being highly motivated. Also, we requested the leaders to rate
the average skills of their teams on a scale of 0-5, with 5 being
highly skilled. We suggested that they consider both technical
capabilities, such as coding, testing, architecture design, and
security, and nontechnical capabilities, such as collaboration,
communication, and time management needed for the engineer
roles. The subjective skill and motivation scores are similar to
employee evaluation, and the leaders feel it is easy to provide
the assessment. We then divided the motivation and skill scores
by 5 to obtain relative motivation and skill scores.

For each project, we collected metrics during each product-
feature milestone, such as at the start of the project, up to the
early access (EA) stage, then up to the GA stage, and finally,
up to the date of the questionnaire. These metrics help illustrate
the software development lifecycle properties and reflect each
project’s unique hurdles at different stages. This exercise also
allows leaders to back up their numbers with practical reasons.
However, for the sake of simplicity, we report the time average
of the metrics for the four projects, as summarized in Table II.

Interestingly, although we did not explain quantitative OOL
and the meaning of the input metrics to the leaders, they could
instinctively make connections between the metrics and their
team’s productivity or the intrinsic properties of their projects.
They were able to proactively apply these metrics to explain
their situations and come up with ideas to improve their team’s
performance through the exercise.

C. How to Measure OOL Output and Outcome Metrics

1) Evaluating Approaches and Measuring LOC Output: Let
us first evaluate the output of software development projects.
One commonly used metric is LOC. While LOC-based mea-
surement has many limitations, it is an easy-to-obtain objective
measure and can be referenced in project management literature.
Therefore, we include LOC as an output metric in this study.

To collect historical LOC data, we asked engineering leaders
to extract the information from Git repositories at various project
stages, including project start, feature EA stages, GA stages, and
the dates of the input metrics questionnaire collected. Some of
the project code is a part of core components shared by multiple
projects or coexists with the code of other projects. The leaders
employed an approximate approach to count LOC belonging to
their projects and contributed by their teams. Fig. 2 shows the
LOCs of the four features at the three stages of the product-
feature lifecycles: project start, EA, and GA. Note that all the
engineering teams continue to develop these features after GA.
However, for the sake of simplicity, Fig. 2 does not include the
data after GA.

To avoid bias, we collected LOC information months after
obtaining input metrics, and we knew that the teams had not
tracked the project LOC before this research. We also considered
different definitions of LOC. Although source LOC is the most
widely used definition in the literature, we decided to include
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source code, test code, and comments when counting LOC
while excluding white spaces. The reason is that test code is
often intertwined with source code, and differentiating them
is unreliable. More importantly, reliability and security are top
priorities for enterprise I'T/security products, and the engineering
teams put significant effort into designing tests and ensuring high
product quality [13]. We also include comments in LOC since
they only contribute to a small percentage of the total.

Table II summarizes the LOC added from the start of the
project to GA, LOC at the end of GA, and LOC per engineer
per year for each project. The projects’ LOC per engineer per
year falls within the reported range [27]. Project B has the
highest LOC per engineer per year due to a large percentage
of test code. Project C has reasonable LOC per engineer per
year despite its large Git repository size, likely due to its use of
microservices architecture. Similarly, Project D has a relatively
high LOC per engineer per year number, attributed to its use of
macroservices architecture. Microservices and macroservices’
architectures decrease coupling with the core monolith, thereby
reducing communication and coordination with other teams. At
the same time, they result in more LOC to realize business logic
and databases due to self-contained software components. Both
effects could increase the LOC per engineer per year for the
projects.

2) Evaluating Approaches and Measuring Business Impact
Outcome: Measuring the business impact of product features
can be done by looking at the feature’s contribution to the
company’s revenue over its lifetime. However, not all product
features have their own unique stock keeping units. Some are
packaged as a part of pricing bundles, and some are discounted
for specific contracts. These make it challenging to separate
intrinsic individual feature revenue contributions. Another way
to obtain feature revenue contribution is by multiplying the
amount of feature usage by its equivalent unit price, i.e., rev-
enue equal to the number of units multiplied by unit price.
This approach has several advantages. First, it provides a rela-
tively objective metric. Second, historical and real-time feature
usage data can be obtained objectively from product system
logs. Third, building features that customers find valuable to
use emphasizes a customer-centric view and creates long-term
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Fig.3. Normalized discounted accumulated business impact of projects A, B,
C, and D over one year after GA.

business value. Fourth, it solves product pricing bundling is-
sues. Additionally, it may align with a usage-based pricing
model.

To represent product-feature usage, we obtained the number
of organizations that use the features. According to the diffusion
of innovation theory [31] and Bass model [32], it is critical to
establish and nurture the innovator and imitator relationship at a
new product introduction stage. We focused on an organization
count instead of an individual user count. The reason is that
the innovator and imitator relationship exists mainly at the
organizational level for the enterprise business-to-business IT
and security product features we study. Organizations, not indi-
viduals, make the purchase and implementation decisions. The
number of organizations could be a suitable metric to evaluate
new feature introduction, while the number of users could be an
appropriate metric for assessing mature features.

‘We obtained each project’s accumulated business impact over
the one year after GA. Then, we discounted the value to the
start dates of the projects using an annual discount rate of 12%.
We plotted the normalized discounted accumulated business
impact (in units of the number of organizations*$) for the four
features in Fig. 3. In short, we use the normalized discounted
accumulated business impact one year after GA as the outcome
metric, as shown in the usage-based business impact row of
Table II.

D. How to Determine Time Duration to Achieve Qutcomes

In this section, we will discuss how to measure time duration
to achieve outcomes. To determine the time duration, we need
to consider the type of outcomes we aim for.

1) Determining Time Duration to Achieve LOC Output:
When determining the time duration to achieve LOC output,
there is a direct relationship between LOC and the time it takes
to write the LOC. Therefore, the time duration it takes to achieve
the LOC at GA stages is equal to the project duration between
the start of projects and their GA dates.

2) Evaluating Approaches and Determining Time Duration
to Achieve Business Impact Outcome: When determining the
time duration required to achieve a business impact outcome, we
need to take into account the project’s development process. For
Projects A, B, and D, which were developed entirely internally,
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the time duration to achieve business impact outcomes is equal
to the project duration between the start of the projects and GA
dates.

However, Project C was developed with the help of an acqui-
sition, which aimed to accelerate product-feature development.
Therefore, to determine the time duration it takes to achieve the
business impact outcome, we need to add the internal develop-
ment time to the time saved due to the acquisition. To determine
the amount of development time saved by the acquisition, we
requested an estimate from the CEO of the acquired company,
who was also the project leader for Project C. We also gathered
estimates from the people in product and corporate development
teams who made the acquisition decisions. And the individuals
who provided estimates also either led or participated in the
post acquisition product integration. These estimates were then
averaged to produce the time saved due to the acquisition. We
then added the time saved to the project duration to get the time
duration for the project, as shown in the outcome equivalent
project duration row in Table II.

E. How to Determine Outcome—Qutput Efficiency

In this section, we will discuss how to measure outcome—
output efficiency.

1) Determining Outcome—Qutput Efficiency of LOC: For the
outcome—output efficiency of LOC, since the output of soft-
ware engineering is to produce quality code, LOC output can
be thought of as a special-case outcome with an outcome—
output alignment equal to output—output alignment, with a
value of 1.

2) Evaluating Approaches and Measuring Outcome—QOutput
Efficiency of Business Impact Outcome: Now, let us measure
the outcome—output efficiency for the business impact outcome.
For the software product features we study, their goal is to
deliver product features that customers love and generate the
best business value. The business impact outcome metric we
discussed in Section IV-C2 is a representation of the business
goal.

The sales team has the most direct interactions with customers
and can provide the most valuable insights into customer satis-
faction and the perceived business value of product features. We
use their feedback as the voice of the customers to measure the
alignment metric. As a part of the company’s annual innovation
survey process mentioned in Section I'V-A, the CEO sent survey
invitations to sales team members with customer-facing roles. In
the survey, participants were asked to rate the nominated projects
on a scale of 0-5, with 5 being best loved by customers and
generating the most business value. The order of the nominated
projects in the survey was randomized to avoid bias. Participants
were also given the opportunity to provide detailed comments
about the projects or general suggestions on product innovation.
We collected over 650 survey responses to calculate the weighted
average ratings of the four projects. We then normalized the
ratings to a scale of 0—1 and used them as the alignment scores
in this study. These scores are shown in the outcome—output
alignment row of Table II.
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TABLE III
OOL REGRESSION RESULTS

Regression: LOC Output

Coef Std err t P>t [0.025 0.975]

c 3.52e+04 1.54e+404 2.281 0.150 —3.12e 404 1.02e+ 05
k 2.0de+04 2.59¢+03 7.882  0.016 9.26e+03 3.15e¢+ 04
Regression: Business Impact Outcome

Coef Std err t P> |t| [0.025 0.975]
c —7.8le4+02 5.36e+02 —1.456 0.283 —3.09¢+03 1.53e-+ 03
k 9.77e +02 1.09e+02  8.989 0.012 5.09e +02 1.44e+03

F. Validating OOL

We have obtained the values for all variables in the quantitative
OOL equation for the four projects. As derived in (2), there is a
linear relationship between the outcome current metrics and the
product of the input metrics and the alignment metrics. In this
section, we will test the linearity statistically to determine the
validity of OOL.

1) Testing LOC Scenario: To calculate output current, we
divided LOC by project duration, as shown in the output current
per year row in Table II. The numbers represent the left hand
of (2). We multiply the percentage of time spent on coding and
testing, relative motivation scores, and relative skill scores, as
shown in the input product of the output scenario row in Table II.
The numbers represent the right hand of (2), except the constant
k.

We plotted the output current and the product of input metrics
of the output scenario for the four projects, as shown in Fig. 4.
The data points fit with linear regression with a coefficient &
of 2.04E4 (in units of LOC per engineer per year), a constant
¢ of 3.52E4, and an R-square of 0.969. The p-value of k is
0.016, as shown in Table III, indicating that the linear regression
is statistically significant at a significance level of 0.05. The
statistically significant linear relationship between LOC output
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Fig. 5. Business impact outcome current versus product of alignment and
input metrics of the outcome scenario for projects A, B, C, and D.

productivity and their corresponding input products supports the
validity of OOL.

2) Testing Business Impact Scenario: To calculate the out-
come current, we divided business impact by equivalent project
duration, as shown in the outcome current row per year in
Table II. The numbers represent the left-hand side of (2). We
multiply outcome—output alignment scores, the percentage of
time spent on coding and testing, engineer motivation scores, and
engineer skill scores, as shown in the alignment+input product
of the outcome scenario row in Table II. The numbers represent
the right-hand side of (2), except the constant k.

We plotted the outcome current and the product of alignment
and input metrics (alignmentxinput metrics) of the outcome for
the four projects, as shown in Fig. 5. The data points fit with
linear regression with a coefficient k£ of 9.77E2 (in units of
number of organizations*$ per engineer per year), a constant
c of —7.81E2, and an R-square of 0.976. The p-value of k is
0.012, as shown in Table III, indicating that the linear regres-
sion is statistically significant at a significance level of 0.05.
The statistically significant linear relationship between business
impact outcome productivity and their corresponding alignment
and input products supports the validity of OOL.

3) Insights From OOL: As discussed in Section III, the con-
stant & is the reciprocal of average individual self-resistance at
the maximum individual potential, representing a hypothetical
limitation of individual engineering productivity. For the LOC
output, the regression suggests a k of 2.04E4 (in the unit of LOC
perengineer per year), consistent with the upper measure of LOC
per engineer per year [27]. For the business impact outcome,
the regression suggests a & of 9.77E2 (in units of the number
of organizations*$ per engineer per year). Hence, the linear
regression of the projects not only supports the validity of OOL
but also provides a way to obtain the limitation of individual
engineering productivity.

Next, let us compare the alignment and input metrics of the
four projects. We can see that Project A was well aligned with
the business outcome. However, the team may need to improve
the skills of its engineers, better manage dependencies, and
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streamline the engineering process. Project B had skillful engi-
neers but could build the feature to align better with the business
outcome. Project C aligned well with the business outcome, but
the engineers needed better motivation and could shorten the
time spent on communication, waiting for dependencies, and
completing company processes, which may suggest a need to
optimize the M&A integration process. Project D had motivated
engineers but could build the feature to align better with the
business outcome.

Moreover, the OOL can be interpreted in another way. As
shown in (2), it states that the outcome current is proportional
to the maximum achievable individual outcome current for
the organization (k), the average number of available engineer
resources (IV), and project performance (1 x —2 el

Mmax

Smax
%e"). Project performance, as shown in the project performance
row in Table II, is a result of outcome—output alignment, time
spent on core activities, motivation score, and skill score. When
the project performance equals 1, the project reaches its full
potential. However, in reality, a project may not achieve the ideal
performance due to correlations between the input variables.
For example, communication and processes are necessary to
coordinate between team members and align with company
goals. Nevertheless, the performance scores for the four projects
differ significantly and fall far short of the ideal state, suggesting
room for improvement.

In short, OOL provides engineering teams and their man-
agement an easy way to understand their teams’ strengths and
weaknesses. Some are inherent in the nature of the projects,
while others can be adjusted to achieve better outcomes. Ap-
plying the law on an ongoing basis rather than retrospectively
would further help engineering teams celebrate success, identify
areas for improvement, monitor progress, or justify changes.

V. DISCUSSIONS AND FUTURE WORK

This work presents evidence that engineering productivity
follows OOL. It also illustrates the approaches to measuring
engineering productivity based on OOL. The four projects are
diverse and complicated real-world examples, but the sample
size is relatively small to validate OOL fully. It is interesting
to continue tracking the development of new product features in
the company and apply these measurements to other companies.
In Section III, we ignore second-order productivity contribu-
tions, such as software use cases, product development stages,
software architectures, and programming languages. With more
project data, we can explore how to include the second-order
contributions through OOL analytically or numerically.

The work focuses on new product-feature development from
project start to feature GA. However, before the start of projects,
engineering, product, and senior management teams perform a
large amount of work to test hypotheses, justify prioritization,
and validate feasibility. The time to make decisions and allocate
resources affects product-feature time to market, i.e., overall en-
gineering productivity. We do not include this decision-making
process in this study since it involves activities beyond the
scope of software engineering, but this exclusion could be an
interesting area from a new product development point of view.
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Moreover, after feature GA, all project teams continue to develop
their features in the form of new or enhanced additions to initial
GA features, maintaining and bug-fixing existing features, fixing
tech debt, or improving development infrastructure or processes.
The continuing development is compounded to feature lifetime
business success, which could be another area for future study.

OOL provides the connection between input metrics and out-
put metrics. In this study, LOC and usage-based business impact
are chosen as output and outcome metrics, and the percentage of
time spent in activities, skill, and motivation scores are used as
input metrics. However, OOL could be more universal than the
metric combination examples we study in this work. Goals can
be set for a project from financial, customer, internal operation,
and employee learning and growth perspectives [17]. For exam-
ple, story points, customer satisfaction scores, lifetime direct and
indirect revenue of product features, or public benefits generated
by nonprofits may be selected as output or outcome metrics,
and one or a combination of DevOps Research and Assessment
metrics may be used to represent infrastructure resistance [33].
Employee satisfaction scores, management ratings, and turnover
rates may be used to reflect individual motivation or skills.

One purpose of the work is to formulate a quantitative OOL
and test its validity. Therefore, we derive the quantitative OOL
with measurable metrics from the original OOL variables, obtain
the value of the metrics on both the left hand and right hand
of (2), and test whether there is a linear relationship between
the right-hand-side variables and the left-hand variables of the
equation. For future applications, since the work supports the
validity of OOL, we can make observations or obtain metrics for
the left-hand side of the equation to understand or measure the
right side of the equation, or vice-versa. We could also evaluate
the engineering productivity impact of a management change by
analyzing the change effect on one or several input metrics.

In this work, we evaluate OOL by employing historical prod-
uct development projects. In the future, it is valuable to share
OOL with engineers and managers, observe how OOL is used
for productivity estimation or forecast, and document examples
and findings for different management situations.

Additionally, the recent advances in generative artificial in-
telligence (AI) have sparked a wave of interest surrounding its
potential impact on productivity, particularly within the realm
of software engineering. Early studies show that generative
Al improves engineering productivity, particularly for novice
programmers [34], [35]. However, the overall implications of
generative Al to real-world software product development are
not clear. Can generative Al improve engineering team com-
munication and collaboration or optimize process and infras-
tructure? Will it upscale engineer skills or motivation? Will it
change the hypothetical limitation of engineering productivity?
If so, how much is improvement? OOL may be an effective tool
to shine a light on the productivity implications of emerging
technology, including generative Al

VI. SUMMARY

In this article, we explored how to quantitatively apply OOL
to measure productivity in software engineering. We derived
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practical and measurable metrics from the law. We discussed
various approaches to obtain the measurable metrics. We demon-
strated examples of using the law to measure industry product-
feature development. The work supported the validity of OOL
and showed how the law provides a comprehensive model to
understand the engineering challenges of software feature de-
velopment. We hope engineers and managers can apply OOL,
metrics, and approaches in solving their own challenges.
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