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A B S T R A C T

While I have authored three articles introducing Evaluatology, a novel discipline that encompasses the science
and engineering of evaluation across various domains, I have struggled to fully depict this challenging yet
promising field.

This article delves into the fundamental concepts and methodologies within Evaluatology. I aim to
provide a complete picture of evaluation problems in Evaluatology based on my proposed fundamental
methodology of understanding a thing. In diverse engineering fields, testbeds, experimental platforms, or
simulation environments are commonly utilized to evaluate design or implementation decisions. However, a
rigorous methodology is often lacking. I propose a rigorous methodology rooted in Evaluatology for testbeds,
experimental platforms, or simulation environments.
1. Why am I drafting this article?

I have drafted three articles to present a new discipline named
Evaluatology [1–3], among which I coauthored with my colleagues or
students on the first article [1]. However, there are three flaws in the
previous work [1–3].

First, I failed to draw a complete picture of evaluation problems in
Evaluatology. For example, in the first Evaluatology article [1], I focus
on the scenario where we can well define an evaluation condition and
emphasize how to construct equivalent evaluation conditions where
it is almost impossible to achieve in other scenarios. In Section 3.2,
I will formally define what is an evaluation condition. In [3], I dis-
cussed other essential scenarios. However, I fail to provide a unified
methodology framework for different scenarios.

Second, I fail to propose a generalized methodology for evaluating
or understanding (in a much broader sense) a thing in the previous
work [1,2]. Later, in [3], I proposed a generalized methodology for
understanding a thing, which can provide a solid basis for presenting
a complete picture of evaluation problems in Evaluatology.

Third, I fail to propose a generalized methodology to define evalu-
ation conditions. The methodology proposed in [1] is limited and only
applied to some scenarios. The above reasons justified my motivation
for drafting this article.
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2. Fundamental concepts in evaluatology

I reuse the concepts in [3] most of the time. Fig. 1 summarizes the
primary entities within Evaluatology.

An individual can be defined as ‘‘the object described by a given
set of properties’’ [1,3]. A system is ‘‘a coherent entity comprising
interacting or interdependent individuals and/ or systems, regardless
of their likeness or diversity, culminating in a unified whole’’ [1,3–5].

The evaluation subject [1] (in short, subject) is a thing that could be
an individual or a system. Typical subjects could be ‘‘a life, an artifact,
an abstract, or even a policy in natural and social sciences’’.

A quantity ‘‘embodies any property of a thing whose instances
can be compared by ratio or only by order [1,3,6]’’. The truth is
‘‘a thing’s facts or inherent properties that can be proven true or
verified objectively [3]’’. A model is ‘‘a streamlined representation of
a thing that would otherwise be too intricate to analyze in exhaustive
detail’’ [1,3,7]’’. A model can manifest as ‘‘a physical, mathematical, or
other construct’’ [1,3,7]. As a special model instance, a causal model is
‘‘a causal explanation grounded in a model to understand a thing and
infer its behavior’’ [3,8]. Quantity and truth provide partial insights
into a thing, while a model gains a full understanding of a thing in a
simplified manner.
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Fig. 1. The primary entities within Evaluatology.

3. Fundamental methodologies in evaluatology

Evaluation is one of the methodologies used to understand a thing.
Other methodologies listed in [3] include conjecture, observation, ex-
periment, measurement, and testing.

3.1. The generalized methodology understanding a thing

In my publication [3], I have introduced a generalized methodology
for understanding a thing, with the focal point being a concept termed
the Self-contained Research System (abbreviated as SRS). As detailed
in [3], an SRS must adhere to two key criteria: firstly, it can operate
autonomously, and secondly, it should encompass the primary factors
that influence the understanding of the thing, known as essential fac-
tors. Fig. 2 summarizes the generalized methodology of understanding
a thing.

In various contexts, an SRS can be designated differently. For in-
stance, within the realm of evaluation, an SRS may be referred to as a
self-contained evaluation system (abbreviated as SES).

To obtain a model of a thing, it is essential to identify and isolate an
SRS that is conducive to understanding it. I explained the reason in [3].
If isolating an SRS is unfeasible, external factors may significantly
influence understanding a thing. However, once an SRS is identified
and isolated, examining the impact of essential factors on the thing
becomes viable. The methodology I introduced in [3] is referred to as
SRS.

3.2. The relationships among observation, experiment, measurement, test-
ing, and evaluation

If only some of the essential factors are identified within the SRS,
I classify it as an observation. Conversely, if all essential factors are
identified within the SRS, I classify it as an experiment. The distinction
between observation and experiment lies in the presence of hidden
or unknown factors that can influence understanding the thing in the
former scenario.

Unlike observation and experiments that fully understand the thing,
measurements, and testing gain partial insights into a thing by focusing
on specific properties, facts, or inherent properties [3]. Measurement is
2

Fig. 2. The Generalized Methodology Understanding a Thing.

‘‘experimentally obtaining one or more values attributed to a quantity
of a thing’’ [3,6]. A test oracle is ‘‘a fact or inherent property of a
thing and its SRS [3]’’. Testing is a ‘‘verification process to determine
whether (1) a thing conforms to the test oracles and/or (2) When a
thing operates within an SRS, both the thing and its SRS conform to
their test oracles [1,2]’’.

Building upon the notions of experiment and observation, I eluci-
date the evaluation concept. If an experiment or observation engages
stakeholders, it falls under the evaluation category, whereas those
conducted without stakeholder involvement are classified as natural
experiments or observations [3]. As elucidated in the discoveries of [2],
evaluation involves ‘‘causal inference regarding the impact and value
of a subject within an SES customized to fulfill stakeholders’ evaluation
needs, relying on measurements and/or testing of the SES’’. Fig. 3 de-
picts the differences between observation, experiment, and evaluation.
Fig. 4 depicts the differences between measurement and testing.

Considered from an alternative angle, the process of evaluating a
subject can be depicted as ‘‘deliberately imposing an evaluation con-
dition (EC) upon it to establish an SES’’ [3]. Building on the previous
discussion, an EC can be envisioned as the SES from which the subject
is removed. We formally delineate an EC as the context that is crucial
in guaranteeing independent operation and incorporating the essential
factors when applied to the subject.

3.3. Standardized evaluation methodology

As shown in Fig. 5, I summarize a standardized evaluation method-
ology as follows.

The initial step involves defining and characterizing the thing slated
for evaluation, which constitutes the subject. Often, evaluations aim to
compare different subjects. Without a clear definition and characteri-
zation, it is challenging to ensure that the subjects under investigation
can be classified into one category and compared. An integral aspect
of this phase is modeling the thing, which includes delineating its
structure. In many instances, stakeholders harbor specific requirements
for evaluating a component of the thing, such as a branch predic-
tor module within the CPU. Failure to formally define the thing’s
structure and establish a consensus renders evaluating a designated
component futile. Divergent stakeholder perspectives on structures or
differing functionalities assigned to the same structure can obfuscate
the evaluation process.

The subsequent step involves defining the SES for the specified
thing. As per the SES definition, it must fulfill two criteria. Firstly, an
SES should have autonomous functionality. Secondly, an SES should
encompass the essential factors. Constructing an SES is a complex en-
deavor that necessitates a trial-and-error approach to attain an optimal
or viable SES.
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Fig. 3. The Relationships Among Observation, Experiment, and Evaluation.

Fig. 4. The Relationship Between Measurement and Testing.

The third step involves acquiring the EC. This can be accomplished
by removing the subject under examination from the SES.

Following the establishment of an SES, the fourth step entails ana-
lyzing its nature and determining the appropriate evaluation method-
ologies, which are open issues worth investigating.

Promising evaluation approaches include establishing equivalent EC
for the known, well-defined SES [1,9], the causal model approach [8]
and the statistical approaches [10].
3

Fig. 5. Standardized Evaluation Methodology.

3.4. The full picture of evaluation problems in evaluatology

My previous research has delved into the diverse natures of SESes [3]
I have slightly adjusted my presentations to demonstrate the full picture
of evaluation problems in Evaluatology.

As shown in Fig. 6, the diverse nature of an SES presents various
challenges to evaluation [3]. The first kind is when an SES is unknown,
e.g., in the case of investigating parallel universal or soul. The second
kind is when an SES is only partially known, e.g., when investigating
a thing in cosmology and astronomy. The third kind is when an SES is
known.

In the third case, there are three different sub-categories. The first
subcategory is when an SES is very complex and cannot be well-
defined. ‘‘When asserting that something is not well-defined, it implies
that its structure and functions remain incompletely comprehended.
For example, the human body is not well-defined’’. [3]. The second
subcategory is when an SES is known and well-defined but not subject
to arbitrary manipulation for different reasons, such as realization
limitations, unaffordable costs, unaffordable consequences, or ethical
reasons. ‘‘If a system can be modeled in a function, arbitrary manipu-
lation entails setting its independent variables to any arbitrary number
within its domain. [3]’’. The third subcategory is when an SES is known,
well-defined, and subject to arbitrary manipulation. For example, a
computer nearly falls into this category [3].

4. Fundamental methodologies in testbed

Testbeds, experimental platforms, or simulation environments are
widely used in different engineering fields to evaluate or test design or
implementation decisions. However, they lack a rigorous methodology.
In the rest of this article, I use the testbed concept to refer to those
systems. When I use the concept of a testbed, it depicts a system that
can vary diverse ECs to evaluate design or implementation decisions.

In [1], I introduced a universal evaluation methodology for complex
scenarios in collaboration with my colleagues and students. Initially, I
outlined the methodology proposed in [1]. Subsequently, I will high-
light its limitations. Finally, I will introduce a rigorous methodology
built upon my proposed approach in [1].

Fig. 7 illustrates the original universal evaluation methodology in
complex scenarios. I previously referred to the complete set of real-
world systems utilized for assessing specific subjects as the real-world
evaluation system (ES). Nevertheless, the notion of a real-world ES
is rather vague. In its place, we have formally articulated the self-
contained evaluation system (SES). I have adopted the concept of SES
to supplant the real-world ES. Fig. 8 presents the upgraded universal
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Fig. 6. The Full Picture of Evaluation Problems in Evaluatology.
Fig. 7. The original universal evaluation methodology in complex scenarios [1], with
the permission of the authors.

Fig. 8. The upgraded universal evaluation methodology in complex scenarios, based
on the concept of the Self-contained Evaluation System (SES).

evaluation methodology in complex scenario, based on the concept of
SES.

An SES encounters various hurdles like that of a real-world ES
outlined in [1]. Initially, dealing with confounding variables within
an SES presents a significant obstacle. Completely eradicating these
confounding variables is frequently challenging, if not unattainable.

Furthermore, manipulating the SES proves to be daunting, rendering
the establishment of controlled environments for subject evaluation
nearly impossible.

Moreover, it is crucial to recognize that SES, irrespective of its char-
acteristics, tends to exhibit a predisposition towards specific groupings.
Instead, it should be subject to arbitrary manipulation.

I propose the concept of a Perfect SES that could replicate the SES
with the highest level of fidelity. In theory, a Perfect SES would possess
three characteristics that enhance the evaluation of subjects.

First, a Perfect SES would streamline manipulation, enabling a free
setting of diverse EC. This adaptability would empower researchers
to delve into multiple scenarios and appraise subjects under varying
conditions, enriching the evaluation process in both depth and breadth.

Secondly, a Perfect SES could effectively eradicate confounding
variables. By isolating and controlling variables of interest, researchers
4

Fig. 9. A standardized evaluation methodology for a testbed.

could attain more precise insights into how specific variables influence
the subjects under scrutiny.

Moreover, a Perfect SES would possess the capacity to comprehen-
sively investigate and grasp the full range of possibilities within an
SES.

The nature of the Perfect SES, which involves accommodating ex-
tensive populations of ECs along with numerous independent variables,
may result in substantial evaluation costs. Yet, to tackle this issue, it is
crucial to introduce a Pragmatic SES that streamlines the Perfect SES
through two essential modifications.

To reduce evaluation costs associated with multiple independent
variables, it is crucial to identify and focus on those variables that
substantially impact evaluation outcomes. By identifying and rank-
ing these crucial variables, researchers can streamline evaluations,
utilize resources more effectively, and exclude or regulate insignifi-
cant variables, reducing complexity and costs. It is important to note
that simplification in creating a Pragmatic SES will likely decrease its
accuracy.

Moreover, employing sampling techniques can efficiently handle
extensive populations of ECs. Instead of assessing every possible sce-
nario, researchers can choose representative samples that encompass
the population’s diversity and breadth. This method ensures a more
manageable evaluation process while maintaining adequate coverage
and representation.

In its essence, a testbed functions as a pragmatic SES, offering
support for evaluating various categories of things. As shown in Fig. 9,
I propose a standardized evaluation methodology for a testbed as
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outlined below:
The initial phase involves defining and characterizing distinct things

(subjects). Next, it entails establishing SESes for these things and con-
solidating them into an Aggregate SES. Subsequently, the process in-
cludes defining, designing, and implementing Perfect and Pragmatic
SESes. Finally, it necessitates tracing forth and back among the eval-
uation outcomes of Aggregate, Perfect, and Pragmatic SESes.
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