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The V-Model is a conceptual model that organize elements in a “V-shapeˮ
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Historically, the V-Model was introduced as a “process modelˮ [1]

A variant of the original V-Model being used to frame a traditional software development lifecycle. Source: adapted from [2].
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The empirical V-Model is a framework for applied research in ESE

Framework

APPLIED RESEARCH

ESE

Research that addresses real/practical 
problems, i.e., problems that are 
known and experienced by 
practitioners

Research that applies the principles of 
the empirical paradigm in software 
engineering [3]
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Most of the time, the empirical V-Model is pictured with five stages

Pratical problem

Scientific problem

Solution

Internal validation

External validation
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The first stage is “practical problemˮ

Pratical problem

Scientific problem

Solution

Internal validation

External validation

Also known as “industry problemˮ/“state of the practiceˮ
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What is the practical
problem faced by
practitioners?
Guiding question to “practical problemˮ
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The investigation of the practical problem may serve different purposes

Practical problem investigation

EVIDENCE
• Empirical investigation can 

provide evidence about the 
existence and relevance of the 
problem

• Declare what the problem is, 
where it occurs, who has 
observed it, and why it is 
important to be solved.

EXPLORATION EXPLANATION

Typical empirical strategies for investigating practical problems: surveys with practitioners, case studies

• Test hypotheses about the 
problem

• Help pinpoint the root causes of 
the problem from a practical 
point of view

• Help understand the size and 
impact of the problem

• When the researchers have 
hypotheses about the causes of 
the problem, these can be 
examined using empirical 
methods
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The second stage is “scientific problemˮ

Pratical problem

Scientific problem

Solution

Internal validation

External validation

Also known as “research problemˮ/“research challengeˮ
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How does the state of the art
(SotA) address the problem?
Guiding question to “scientific problemˮ
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The investigation of the SotA may serve diverse purposes

SotA investigation

DECLARATION OF 
SCIENTIFIC PROBLEM

The goal is to pinpoint the 
concrete, well-defined 
scientific problem that 
underlies the practical 
problem of interest

EVIDENCE 
RELEVANCE

EXPLANATION OF 
ROOT CAUSES

Typical empirical strategy for investigating scientific problems: systematic literature reviews

The scientific problem must 
be worth being investigated 
and must therefore be an 
open problem (i.e., not yet 
solved)

When the researchers have 
hypotheses about the root 
causes of the scientific 
problem, they can investigate 
them
empirically

EXPLORATION OF 
SOLUTION STRATEGIES

Previous work can provide 
directions about both promising 
and discouraging research 
directions in terms of solutions
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The third stage is “solutionˮ

Pratical problem

Scientific problem

Solution

Internal validation

External validation
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What is the research goal
and what solution strategy
can be used?
Guiding questions to “solutionˮ
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In the solution stage, empirical methods aren̓ t applied (but empirical work happens)

Empirical work @ solution stage

HYPOTHESES 
DEFINITION

The solution is expected to 
improve in some way the as-
is situation described through 
the practical and the scientific
Problems.

EVALUATION 
OUTLINE

SOLUTION PRE-
EVALUATION

The hypotheses must be 
verified using one or more 
empirical methods, which 
should be chosen in advance.

Preliminary validation studies 
can be performed with the 
support of empirical methods 
to provide early feedback and 
help improve the shape of the 
final solution.
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The fourth stage is “internal validationˮ

Pratical problem

Scientific problem

Solution

Internal validation

External validation

Also known as “academic validation“/“scientific benefitˮ
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What benefits does the
solution offer in terms of 
addressing the scientific
problem?
Guiding question to “internal validationˮ
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Internal validation is about
applying one or more empirical
methods to test the hypotheses
of the implemented solution to 
address the scientific problem.
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Empiricism at the internal validation stage include several activities

Empiricism @ internal validation

HYPOTHESES 
DEFINITION/REFINING

After implementing the solution 
(and before the execution of the 
experimental procedure), the 
researcher is ready to 
define/review the initial 
hypotheses and check whether 
they can be refined or whether 
new hypotheses should actually 
be considered.

EVALUATION
DESIGN

PERFORMING AND 
REPORTING

If the evaluation procedure was 
not designed in the late phase of 
the solution stage, it has to be 
defined in the early stages of the 
internal evaluation.

The chosen empirical strategy is 
carried out, data is collected and 
analyzed, and the results are 
documented.

Typical empirical strategy during internal validation: controlled experiments
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The fifth stage is “external validationˮ

Pratical problem

Scientific problem

Solution

Internal validation

External validation

Also known as “industry validationˮ/“practical benefitˮ
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To what extent is the
solution beneficial in 
practice?
Guiding questions to “external validationˮ
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Empiricism in the external validation includes the same activities of internal 
validation

Empiricism @ internal validation

HYPOTHESES 
DEFINITION/REFINING

EVALUATION
DESIGN

PERFORMING AND 
REPORTING

Empiricism @ external validation

Typical empirical strategies during external validation: case studies, surveys with practitioners
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There are typical empirical strategies used in each stage of the framework

Please note that these are typical strategies, not the only strategies.
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Example from a PhD thesis

Example of the empirical V-Model being used to describe 
the research method in a PhD thesis. Source: [4]
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The V-Model may be followed sequentially, but variations exist

Variations

ITERATIONS BETWEEN 
PROBLEM AND SOLUTION

It is natural that potential research 
ideas, or at least research directions, 
emerge when a given problem is 
under investigation.

ITERATIONS BETWEEN 
PROBLEM AND 
VALIDATION

INVERSE VALIDATION EITHER INTERNAL OR 
EXTERNAL VALIDATION

Developing the solution may lead
to refining the hypotheses and/or 
introducing new ones. These 
therefore need to be double-checked 
in light of the practical and scientific 
problems.

Sometimes the academic validation 
tests hypotheses related to the 
practical problem, and the industry 
validation tests hypotheses of the 
scientific problem.

Depending on the nature of the 
problem and/or the scope and time 
constraints of the research, either 
internal or external validation will be 
performed.
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There are alternative usage patterns beyond the 5-stage empirical V-Model

Alternative 
usage

patterns

MULTIPLE
INSTANCES

POSITIONING
HYPOTHESES

When the research tackles more than one practical 
problem, each of them with one individual 
underlying scientific problem, it may make sense to 
have multiple V-Models to frame the work.

“RESEARCH“ OR 
“VALIDATION“ APPROACH

N-STAGE
V-MODEL

The V-Model can feature either the early chapters 
of the thesis/dissertation to frame the research 
method or the later chapters to frame the validation.

Hypotheses can be placed on the V-Model to help 
communicate the research method. Depending on 
how the researcher wants to express their work, 
these hypotheses may feature any of the stages or 
even the arrows of the V-Model.

Sometimes, researchers use V-Models without 5 
stages (e.g., 6-stage [5], 7-stage [6]) to better 
reflect and organize their work.
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