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Abstract. Three-way decision is about thinking, problem-solving, and
computing in threes or through triads. By dividing a whole into three
parts, by focusing on only three things, or by considering three basic
ingredients, we may build a theory, a model, or a method that is simple-
to-understand, easy-to-remember, and practical-to-use. This philosophy
and practice of triadic thinking appears everywhere. In particular, there
are a number of three-world or tri-world models in different fields and
disciplines, where a complex system, a complicated issue, or an intri-
cate concept is explained and understood in terms of three interrelated
worlds, with each world enclosing a group of elements or representing
a particular view. The main objective of this paper is to review and
re-interpret various three-world conceptions through the lens of three-
way decision. Three-world conceptions offer more insights into three-way
decision with new viewpoints, methods, and modes. They can be used to
construct easy-to-understand explanations in explainable artificial intel-
ligence (XAI).
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1 Introduction

With the ever-increasing power, functionality, and applications of intelligent
machines and systems, the issue of the explainability takes center stage. The
recent research trend in explainable artificial intelligence (XAI) suggests that a
machine must effectively explain its internal processes and decisions, in order
to gain human understanding, trust, and acceptance [2,12]. As a prerequisite
for producing effective explanations, it is necessary to study human ways to
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perceive, think, and act. With an understanding of human ways to think, under-
stand, and act, a machine may explain its processes and decisions by building
a model aligned with human mental models. Driven by such motivation, this
paper explores particular mental models, namely, three-way decision as think-
ing in threes, three-world conception as thinking through three worlds, and the
relationships between the two, as well as their applications in XAI.

There are two related types of issues around the notion of an explanation.1
One type concerns the meaning, functionality, and properties of the explana-
tion, as well as various formal models of explanation. In the context of XAI, an
intelligent machine explains its working processes and results for the purpose of
facilitating human understanding and building human trust. In a wide context of
scientific enquiry and discovery, one of the goals and tasks of science is to explain
the world, i.e., to seek “mathematically formulated and experimentally validated
impersonal principles that explain a wide variety of phenomena” [36]. The other
type focuses on the communication of an explanation, involving the structures
and the construction process of the explanation. To some degree, an appropri-
ate structure plays a crucial role in constructing an easy-to-represent, easy-to-
communicate, and easy-to-understand explanation. The focus of this paper is
on the latter type of issues. By applying the principles of three-way decision, I
discuss ways to construct and communicate explanations with triadic structures.

The rest of the paper is organized around three objectives. Section 2 provides
an overview of a theory of three-way decision with the objective to establish a
basis for this study. The objective of Sect. 3 is to introduce, in light of three-
way decision, a framework for studying three-world conceptions, that is, thinking
through three worlds. In particular, I examine three -world models. The objective
of Sect. 4 is to outline a possible application of three-way decision and three-
world conception in constructing human-friendly explanations in data science,
human-machine co-intelligence, and explainable artificial intelligence (XAI).

2 An Overview of Three-Way Decision

In 2009, I introduced the concept of three-way decision (3WD) [39] to provide a
semantically sound interpretation of the three types of decision rule (i.e., accep-
tance, rejection, and undecided) derived through Pawlak rough sets [18,19] and
probabilistic rough sets [40]. Further studies have shown that three-way deci-
sion is a much richer concept, with wide-ranging applications. Since 2012, I have
been refining a new theory of three-way decision, consisting of thinking, problem-
solving, and computing in threes [41–43,45,46]. Three-way decision has fostered

1 The two types presented here are related to the distinction, suggested by Achin-
stein [1], of an “explaining act” and an explanation as a “product” of an explaining
act. Ruben [23] made a similar distinction through “process and product.” The first
type is more about an explanation itself. The second type relies on an understanding
of an “explaining act” that includes both the formulation and the communication of
an explanation.
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new research areas, such as three-way classification, three-way clustering, three-
way data analytics, three-way formal concept analysis, three-way approximations
of fuzzy sets, three-way conflict analysis, three-way recommendation systems,
three-way granular computing, and many others. The field has grown substan-
tially since its inception, with researchers from around the world contributing to
a significant number of papers, edited books, journal special issues, workshops,
and special sessions on three-way decision. For the current state of research and
development of the art, science, and practice of three-way decision, a reader may
consult the reports by Yang and Li [37], Wei et al. [35], and Yao [38] based on
networks analysis and bibliometrics analysis.

Thinking in threes (i.e., triads consisting of three things) or triadic thinking
is perhaps one of the most common mental models, metaphors, and structures,
such as a tripartite scheme, a three-part theory, a three-element structure, a
three-pillar framework, a three-word slogan, a three-character story, a three-
generation classification, a three-level architecture, a three-version design of a
product, a third grey option in addition to commonly used dichotomies (e.g.,
Yes and No, black and white, good and bad, positive and negative), a third
middle point through the balancing and synthesis of the two opposites, and
many more [3,4,15,22,33,43,46]. We humans and particularly scientists have an
intriguing preference for a ternary patterned theory, model, or explanation of
reality [20]. As an illustration, we may give three examples of thinking in threes.
The first example is building a model of explanation for explainable artificial
intelligence (XAI) based on the What-Why-How triad2: What are the results?
Why are the results meaningful? How are the results derived? The second exam-
ple is the MIT Sloan Management Review’s short podcast, Three Big Points3,
in which each episode presents a mold-breaking idea in ten minutes with three
useful takeaways. The third example is the effective use of threes in writing
a great paper4: the three C’s of paper structure consisting of the Context for
introduction, the Content for results, and the Conclusion for discussion; the ABC
(Accurate, Brief, and Clear) of straightforward writing; the DEF (Declarative,
Engaging, and Focused) for choosing a title. In particular, advice on straightfor-
ward writing is summarized in three sentences: “Never choose a long word when
a short one will do. Use simple language to communicate your results. Always

2 This example will be further examined in the later part of the paper. For an actual
application, we may point at the earlier expert system MYCIN that uses the What-
Why-How triad, in which an explanation subsystem focuses mainly on Why and How
questions to justify the decision of the system or to educate the user [32]. The triad
is equally useful for enhancing human intelligence and guiding human behavior [46].
For example, the Golden Circle leadership model, introduced by Sinek [29], is based
on the Why-How-What triad, which advises that every organization and everyone
of us should know the three most important things: why we do (i.e., purpose and
goals), how we do, and what we do. The same Why-How-What triad was used by
Clear [6] in his three-level model of behavior change, focusing on what we believes,
what we do, and what we get.

3 https://sloanreview.mit.edu/audio-series/three-big-points/, accessed May 20, 2022.
4 https://www.nature.com/articles/d41586-019-01362-9, accessed May 20, 2022.
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aim to distill your message down into the simplest sentence possible.” We can
find many examples that explore the power triads for crafting great, powerful,
and memorable speeches [10].

These examples show that we do commonly build an argument, a model, or a
theory by thinking in threes. To provide further supporting evidence, it may be
more constructive by giving three good reasons why we humans think in threes.
The first explanation is the cognitive basis. It has long been recognized that we
humans can only hold up a few things in the short-term working memory [7,16].
While there does not exist a general agreement on the exact number, which may
range from two to nine, three seems to be a pivoting one. Another related result is
our subitizing ability to tell immediately, without counting, the number of items
presented to us when the number of items is small, typically fewer than six [14].
This may explain why the very first three Roman numbers are written as one,
two, and three vertical lines, respectively, the very first three Chinese numbers
are written as one, two, and three horizontal lines, respectively, and the pattern
breaks at and after the fourth number. The third result is our natural ability to
form patterns in order to make sense of the reality and our experiences. Three
seems to be the minimum number of things required to form a meaningful and
useful pattern. Drawing from these results of human cognition, thinking in threes
comes naturally and may be an innate capacity.

The second explanation is the evolutionary basis. From an evolutionary point
of view, we are better at older skills than at newer skills. Counting a few things
and thinking about a small number of things, as evidenced by the ‘one, two,
three, four, many’ and ‘one, two, many’ types of numerical systems [8], may be
older skills in the process of human evolution. We, in fact, learned counting and
thinking in small numbers at a younger age. Thus, we excel at skills of thinking
in small numbers. It may be argued that thinking in threes is one of the products
of evolution or early childhood learning.

The third explanation is the cultural basis. The number three plays an essen-
tial role across many cultures [9,25]. The number three typically represents com-
pleteness, harmony, and perfection, as expressed by the following quotations [25]:

– All good things come in threes. (Folk saying)
– A threefold cord is not quickly broken. (Bible)
– All was divided into three. (Homer)
– A whole is that which has a beginning, middle and end. (Aristotle)
– The Triad is the form of the completion of all things. (Nichomachus of Gerasa)
– Three is the formula of all creation. (Honoré de Balzac)
– The One engenders the Two, the Two engenders the Three and the Three

engenders all things. (Tao Te Ch′ing)

Using a triad of three things for perceiving, understanding, interpreting, and
representing the reality seems to be a universal practice across different cultures.
Triads are perhaps one of the most used structures when crafting a story, a
speech, a theory, or a worldview. For example, Schneider [25] stated, “Whenever
there are three, as the three knights, three musketeers, three wise men, or three
wishes, there is throughness, rebirth, transformation, and success.” To a large
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extent, our cultural immersion experience further re-enforces an inclination and
a preference towards thinking in threes.

Given the omnipresence of triadic thinking on the one hand and a lack of a
formal theory on the other, a theory of three-way decision has been proposed
and received much attention in recent years [41–43,46]. The theory is about
a systematic study of thinking, problem-solving, and computing in threes. By
attaching specific interpretations and meanings to various triads, we can obtain
different models and modes of three-way decision. In the rest of this paper, I
interpret a triad in terms of three worlds, which gives rise to thinking through
three worlds.

3 Thinking Through Three Worlds

This section examines three triadic structures, namely, a Venn diagram of three
sets, a triangle, and a concentric tricircle, for thinking through three worlds.

3.1 The Concept of Worlds

The concept of “the world” is perhaps one of the most commonly used notions or
metaphors for us to describe, view, and understand the reality and our relation-
ships to the reality. The word “world,” particularly, ‘the world,’ is used in various
contexts with multiple meanings [34]. According to Webel [34], “the world” is “a
linguistic and historical construction” and “an abstraction, a concept, or idea.”
It is how the “meaning-creating organisms frame the boundaries of their being-
in-this-world.” The view of “world as idea” [26,34] provides a starting point for
exploring how we use the concept of worlds to understand the reality and to
guide our conducts, namely, how to observe the world, how to make sense of the
world, and how to change the world.

We may categorize and characterize things into different worlds in many
ways, for example, from a temporal, spatial, functional, positional, or contextual
consideration. We typically divide various aspects of the reality, for example, a
group of geographical regions, a timeline of developments, a discourse of discus-
sion, a family of human activities, etc., into a number of different and interrelated
worlds. By restricting to a particular world, we limit our investigation within that
world in the context of other worlds. Conceptually, we can talk about the inside,
the outside, and the boundary of a world, which offers three interpretations and
understandings of the same world. By considering different worlds, we can make
comparisons, study their interconnections and influences, and shift our attention
by switching between different worlds. While a single world presents a local view,
multiple worlds give rise to a global view.

Our extensive living experiences on the planet earth as “the world,” our relent-
less search for a better world, and our constant cultivation of a superior inner
world all suggest the value of “world as idea.” Conceptualizing the reality in
terms of different worlds leads to both intuitive and in-depth understandings.
By combining the principles of three-way decision as thinking in threes and the
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view of “world as idea,” we immediately arrive at a paradigm of thinking through
three worlds. There are abundant examples of three-world thinking. In the con-
texts of information processing, knowledge management, problem solving, and
human experience, for example, we have:

• The three-world theory of the reality and knowledge by Popper [21], consisting
of World 1 of physical objects, World 2 of mental activities, and World 3 of
human-created things.

• The theory of three worlds of mathematics by Tall [31], consisting of concep-
tual embodiment, operational symbolism, and axiomatic formalism.

• The classification of three worlds of knowledge by Mouton [17], consisting
of the worlds of everyday life (lay knowledge), science (scientific knowledge),
and metascientific reflection (metascience).

• The theory of triadic game design by Harteveld [13] through balancing the
three worlds of reality, meaning, and play.

• The theory of collective human experience by Shaw [28] in terms of the three
worlds of commonsense, religion, and science.

Other examples of three-world thinking in more general contexts include various
triads, such as the material-intellectual-spiritual three worlds, the three worlds
above-below-upon the earth (i.e., heaven, hell, and earth), the three worlds of
yours-mine-theirs, etc.

It becomes evident that three-world thinking, with an understanding of
“world as idea,” offers a new direction for expanding the study of three-way
decision as triadic thinking. In the rest of this section, I examine three par-
ticular models by organizing and arranging the three worlds in three different
ways.

3.2 A Venn Diagram Model of Three Worlds

One methodology of the three-world view and analysis is to divide the discourse
of discussion into three possibly overlapping and relatively independent worlds.
There may exist multiple ways to construct three worlds. Any particular three-
world configuration is only one of the many possible simplifications or represen-
tations of the reality. In general, the division between the three worlds is not
a clear cut and some issues may appear in two or all three worlds. The Venn
diagram in Fig. 1(a) depicts such a set-theoretic view of three-world thinking.
Each world represents a particular view and focuses on some particular aspects.
While a set covers issues in a world, the complement of the set covers issues
not in the world. An intersection of two or three worlds represents their joint
issues. With three worlds, the eight disjoint and possibly non-empty regions are,
in terms of set intersection, A∩B∩C, A∩B∩C̄, A∩B̄∩C, A∩B̄∩C̄, Ā∩B∩C,
Ā∩B ∩ C̄, Ā∩ B̄ ∩C, Ā∩ B̄ ∩ C̄, where Ā denotes the set complement of A. In
so doing, we can systematically investigate issues in the eight regions.

Alternatively, we may consider only regions constructed by using set inter-
section, representing issues in the overlapping regions of different worlds. In this
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Fig. 1. Thinking through three worlds with a Venn diagram

way, a three-world method offers a trilevel seven-element analysis in Fig. 1(b),
where the comma corresponds to set intersection. The result is, in fact, a set-
theoretic model of three-way decision [47]. The bottom level of 1-world analysis
focuses on each world independently, the middle level of 2-world comparative
analysis shifts attention to issues brought by interactions of two worlds, and the
top level 3-world integrative analysis looks into more complicated interactions
of three worlds. To have a holistic view, it is necessary to have investigations at
the three levels, both individually and jointly.

Tall’s [31] three-world model of mathematical thinking may be interpreted
based on the Venn diagram of three worlds. While each individual world focuses
on a particular type of mathematical methods and skills, a join of two worlds
shifts the focus to the integration and combination of the respective methods and
skills. Mouton’s [17] classification of three worlds of knowledge and Shaw’s [28]
three-world theory of collective human experience may be similarly explained
based on the Venn diagram of three worlds.

3.3 A Triangle Model of Three Worlds

For studying relationships, influences, and transformations of different worlds,
a triangle of three worlds, given in Fig. 2(a), may be an appropriate config-
uration [46]. In the triangle, each world is linked with the other two worlds.
Links between two worlds may have many different interpretations, for example,
dependency, transformation, support, and others. In this way, a triangle may,
in fact, offer various models. Figure 2(b) describes a model of trilevel analysis
based on a triangle configuration of three worlds, where � denotes support or
transformation. We examine individual worlds at the bottom level, relationships
between two different worlds at the middle level, and relationships among three
worlds at the top level.

Popper’s [21] three-world model of human knowing and knowledge is typically
interpreted as a triangle. World 1 of physical objects exists first. Through World 2
of mental activities and processes, humans observe and make sense of World 1.
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Fig. 2. Thinking through three worlds with a triangle

The results are human-created things that exist in World 3 as abstract ideas
and/or in World 1 as physical objects. The things in World 3, created by World 2,
may be used to change World 1. Humans are constantly searching for a better
world by exploring the three worlds and their relationships [21].

Gu and Zhu [11] proposed a tripartite WSR (wuli-shili-renli) model as a basis
of a systems methodology of management. The W (wuli) is about regularities in
objective existence, the S (shili) is about ways of seeing and doing, and the R
(renli) is about patterns underlying human relations. It is possible to interpret
the WSR model based on a triangle of three worlds: W represents the natu-
ral world (domains of natural sciences), R represents the human world (human
and human society, domains of psychology, social sciences, humanities, etc.),
and S represents the applied world (pragmatic problem-solving, human conduct,
domains of management science, engineering, operational research, etc.). Theo-
ries and knowledge discovered in both W and R worlds are used to guide human
conduct in S world, which may change both W and R worlds. To be a better
problem-solver, one must integrate the three worlds.

Stern [30] suggested a triadic conception of the reality, in which the reality
is conceived and represented as “unified and wholistic as well as differentiated”
three worlds: physical world of matter/energy, theoretical world of meaning,
and phenomenological world of experience. Furthermore, Stern gave a simplified
diagram by enclosing the triangle of the three worlds in a circle representing the
unity and wholeness.

One can easily observe both similarities and differences of these three three-
world models. Although the contents of the three models are useful and impor-
tant by themselves, what most interests us is the common triadic structure. On
the one hand, the three models have their respective different divisions, under-
standings, and representations of the reality. On the other hand, they agree upon
a three-world triadic structure. It is their agreement on the use of a triangle of
three worlds that supports and applies the principles of three-way decision as
thinking in threes.
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3.4 A Concentric Tricircle Model of Three Worlds

In some situations, we may build three worlds sequentially such that one is on top
of another. There are at least two possible ways to depict such a structure [46].
The concentric tricircle of Fig. 3(a) gives us a sense of an inner-outer relationship,
or a core-shell relationship, among the three worlds. Typically, an inner world
determines an outer world, and the core is more important and serves as a
foundation for constructing the outer ones.

Fig. 3. Thinking through three worlds with a concentric tricircle or a trilevel

The inner-outer layered interpretation of a concentric tricircle makes it a
commonly used architecture for explanation. For example, in understanding a
computer system, the inner kernel represents machine hardware, the middle layer
represents system software, and outer layer represents application software. In
the Golden Circle leadership model by Sinek [29], the three circles are labeled,
respectively, by WHY, HOW, and WHAT. By moving inside-out, a successful
leader starts with WHY (i.e., purpose and goals) and moves towards WHAT.
Similarly, in the model of behavior change by Clear [6], the three circles corre-
spond to Identify, Processes, and Outcome. We build habits by moving inside-out
in the identity-directed way. More examples of three-world thinking based on a
concentric tricircle can be found in another paper [46].

Figure 3(b) of three levels gives us a sense of a top-down or a bottom-up rela-
tionship among the three worlds. Typically, a world at a higher level controls
its lower level and, at the same time, is supported by its lower level. The ear-
lier discussions have shown that three-level models arise naturally in the Venn
diagram model and the triangle model of three-world thinking. Trilevel thinking
is an important mode of three-way decision. Many examples of trilevel thinking
can be found in another paper [44].

4 Three-world Thinking for Building Explanations

The triadic structures of three worlds offer architecture and a scheme for us to
make sense of the reality and ourselves. Depending on different contexts and
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applications, we may have different interpretations of a triad of three worlds. In
this section, I discuss the notion of an SMV (Symbols-Meaning-Value) space [48,
49] as a concrete interpretation of the three-way conception for the purpose of
building and communicating explanations.

Weaver [27] insightfully divided communication problems into three cate-
gories, which is quoted here:

Relative to the broad subject of communication, there seem to be problems
at three levels. Thus it seems reasonable to ask, serially:
LEVEL A. How accurately can the symbols of communication be trans-

mitted? (The technical problem.)
LEVEL B. How precisely do the transmitted symbols convey the desired

meaning? (The semantic problem.)
LEVEL C. How effectively does the received meaning affect conduct in the

desired way? (The effectiveness problem.)

The three levels focus on different types of problems and answer different types of
questions, from easier ones to more difficult ones. In the case of human commu-
nication through speaking and writing, we may interpret the three levels by the
Words-Meaning-Impact triad. The SMV (Symbols-Meaning-Value) space gen-
eralizes Weaver’s ideas to a much broader context and provides a structure for
trilevel or triadic thinking in many other fields. Considering any theory or model,
the SMV space suggests that we need to explain the theory at three levels: the
content of the theory, the meaning of the theory, and the utility of the theory5.

In an attempt to build a conceptual model for explaining data science, I
explored a close connection between the SMV space and the widely used DKW
(Data-Knowledge-Wisdom) hierarchy [48]. In terms of the three-world thinking,
World S is about data (i.e., raw symbols), World M is about knowledge (i.e.,
meaning of data), and World V is about wisdom (i.e., value from wise use of
knowledge). The three-level structure reflects the dependency and transforma-
tion between data, knowledge, and wisdom. A conceptual model of data science
needs to consider the issues in the three worlds of the data, the knowledge hid-
den in the data, and the value of the knowledge, as well as the issues arisen
from the interactions of the three worlds. Broadly speaking, three goals of data
5 As an example, we may take a look at the many different interpretations and

explanations of a Chinese classic, “I Ching” (The Book of Changes). “I Ching” has
shaped every aspects of Chinese ways of seeing, knowing, and living (for example,
culture, art, politics, science, etc.) throughout the Chinese history. Many scholars
have interpreted and explained, and are continually searching for new interpretations
and explanations, this classic text from many different angles. The notion of SMV
space may shed a new light by organizing some of the existing interpretations and
explanations at the three levels: (1) images and numbers at the S (Symbols) level,
(2) meaning and principles at the M (Meaning) level, and (3) living and practice,
according to its meaning and principles, at the V (Value) level. Although this orga-
nization may not be hundred percent appropriate or accurate, it does provide a good
enough approximation in terms of the text itself, the meaning of the text, and the
value of the text.
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science are (a) to make data a kind of resources through data collection, storage,
retrieval, etc., (b) to make data meaningful through data analysis and knowl-
edge discovery, and (c) to make data valuable through practical application of
the knowledge in data for making wise decisions and taking the right actions.

In another attempt to build a conceptual model for explaining human-
machine co-intelligence, I viewed the SMV space as an architectural system or a
metaphorical structure used by an intelligent being to understand and organize
itself, its environments, and relationships with others [49]. Human-machine co-
intelligence emerges from human-machine symbiosis in the SMV space. There
are three fundamental principles of human-machine co-intelligence. The principle
of unified oneness: Human-machine co-intelligence is the third intelligence that
is based on human intelligence and machine intelligence on the one hand and is
above both on the other hand. Human-machine co-intelligence is not possessed by
either humans or machines, but through their seamless unification and integra-
tion. The principle of division of labor: Human-machine co-intelligence combines
the computational power of machines and the cognitive power of humans through
proper division of labor. Moving from the World S, to the World M, and to the
World V, humans are doing more work and the machines are doing less. The
principle of coevolution: Humans and machines mutually adapt to each other,
learn from each other, and work with each other as equal partners. Human-
machine co-intelligence exploits a mutualism symbiosis in which both humans
and machines benefit and, at the same time, avoids a parasitism symbiosis in
which one hurts the other. In this respect, in addition to their own SMV spaces,
humans and machines share a common SMV space6. The notion of SMV space
is a structure and a starting point for explaining human-machine co-intelligence.

I now turn my attention to the possibility of applying the SMV space to
explainable AI. I have the view that the concept of SMV space suggests a
plausible trilevel scheme for constructing an easy-to-understand explanation
in explainable artificial intelligence. The SMV triad leads to a trilevel results-
meaning-value (RMV) framework of explanation. Like data, the results from a
system may be considered as the raw materials that need, or can be used to
construct, an explanation. An intelligent system explains its results, outcome,
or output (e.g., recommendations, actions, behaviors, etc.), the meaning of the
results, and the value of the results at three separate levels. Moreover, at each
level, it is possible to apply the ideas of the Venn diagram or the triangle con-
figurations of three worlds to focus on three related questions characterized by
the What-Why-How triad. Table 1 summarizes the main features of this 3 × 3

6 A few important issues regarding AI and human-machine relations are relevant to
the discussion here, such as alignment and control. Christian [5] argued that artificial
intelligence systems, in particular machine learning, need to be aligned with human
values. Russell [24] pointed out that advances in AI may pose a potential risk to
the human race by out of control superhuman AI. Future AI research must ensure
that machines remain beneficial to humans and we humans must retain “absolute
power over machines that are more powerful than us.” By living together in the three
worlds of SMV, namely, symbols/data, meaning/knowledge, value/wisdom, humans
and machines may coexist in harmony.
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architecture of explanations. A ‘What’ question is about the existence, a ‘Why’
question is about the reasons/motivations, and a ‘How’ question is about the pro-
cesses/applications. By focusing on three fundamental questions of What, Why,
and How at each of the three levels, an explanation follows a clearly defined
logic, is easy-to-understand, and covers three important aspects.

Table 1. 3× 3 architecture of explanations

SMV Explanation level Questions

Value Value What is the value of the results?
Why are the results valuable?
How to use the results?

Meaning Meaning What is the meaning of the results?
Why are the results meaningful?
How to interpret the results?

Symbols Results What are the results?
Why are certain input/conditions required?
How does the system derive the results?

A trilevel explanation with three basic questions at each level reflects the
principles of triadic thinking. Generally speaking, at a given time, it is possible
to focus on the discussion at each level without much interference from the other
two levels. In other words, we may need to consider only three questions at a
particular level, instead of nine questions at all three levels simultaneously. The
labels of the three levels and the three questions at each level in Table 1 may be
interpreted more liberally. Depending on different applications, it is possible to
use other labels and to ask other types of questions. Nevertheless, the essential
components and the structure of the 3 × 3 architecture remain unchanged. The
3 × 3 architecture provides a very general framework. In some situations, it
may be only necessary to consider some of the nine issues when constructing
an explanation. This is particularly true if the results from a system are simple
and/or self-explanatory.

5 Conclusion

Three-way decision and three-world conception mutually support each other.
On the one hand, three-world models enrich the studies of three-way decision by
offering new views, models, and methods. On the other hand, the fundamental
philosophy and principles of three-way decision may find new applications in
three-world models. In this paper, I explored in brief the connections of three-way
decision and three-world conceptions. Thinking through three worlds offers the
necessary simplicity and flexibility for building a theory, a model, an argument,
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etc. In particular, I examined three models of three-world thinking based on,
respectively, a Venn diagram, a triangle, and a concentric tricircle (or a trilevel)
organization of three worlds.

I motivated this study by stating that three-way decision is a human-inspired
theory. Since humans frequently and naturally think in threes, theories, models,
or methods are easy to grasp and understand if they are constructed based on
a tripartite architecture. Therefore, explanations from any intelligent systems
may be built in a human-friendly way by following a tripartite scheme. It may
be fruitful to apply the principles and ideas of three-way decision and three-world
thinking to address the issues of the quality and effectiveness of explanations in
explainable artificial intelligence (XAI). In this paper, I only presented a proposal
for an important research direction, which may be called “three-way decision for
explainable AI.” Although I gave an outline of a trilevel framework for building
explanations based on the notion of an SMV (Symbols-Meaning-Value) space,
many fundamental questions remain unanswered. Based on the discussion in the
paper, we can explore the new territory of three-way decision and three-world
thinking for XAI.
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