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Abstract. This paper applies Kuhn's taxonomy theory to the analysis of biological classification 

cases and 16th century astronomy cases, further confirming that Kuhn's response to the 

incomensurability problem is effective under taxonomy theory.Although Partial 

Incommensurability phenomenon happens between different paradigms,there always exist some 

constant conceptions in taxonomy systems.In this sense, communication and comparison between 

different paradigm is possible. 

1.Kuhn’s trouble with incommensurability problem 

Since the publication of "The Structure of the Scientific Revolution" (1962), Kuhn has been 

vocalizing the international academic community. The terms "scientific community", "paradigm" 

and "incompatibility" mentioned in the book have sparked a research boom in the field of scientific 

philosophy. Scientists choose one in a row of scientific theories instead of the other. It may be done 

in an instant, just like psychology's Gestalt transformation. Incompatibility is understood as "there is 

no objective neutral standard to compete with the advantages and disadvantages of the two 

paradigms, any theoretical choices scientists make between the two paradigms are essentially blind, 

subjective, and relative." [1]Preference for one of the two theories seems to be without rational 

participation. Because of this, Kuhn is accused by some of denying the rationality of science, while 

others say that Kuhn is a relativist. [2] 

To what extent are competing scientific theories comparable? Kuhn continued to explore and think 

about this issue until his later years. Since the 1970s, Kuhn tried to use translatability to explain the 

"incompatibility" problem in the process of "paradigm" selection. Translation has enabled the 

theories supported by different scientific communities to have mutual understanding.However, in 

the process of translation, if some basic words cannot be accurately translated, it will result in the 

lack of language system, and the competing scientific theories have no way to compare them. In the 

early 1980s, Kuhn further emphasized the importance of translatability in the scientific development 

model. At this time, he replaced the "paradigm" with "taxonomy" [3]and transformed the 
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incomensurability problem into untranslatability arising from paradigm selection. Kuhn uses the 

distinction between different dictionaries to explain the problem of incommensurability. 

Early Kuhn interpreted the paradigm shift as a Gestalt transformation of the world view between 

different paradigms, which caused widespread criticism by philosophers.Later Kuhn refined his 

theory, proposed conceptual theory and category view, and used non-overlapping[4] principles 

which explains the characteristics that should be followed in the conceptual structure. The creation 

of new things causes changes in some words, and the changes in some words lead to changes in the 

overall category structure, making it impossible for people using different languages and 

dictionaries to understand each other.Kuhn limited the scope of incommensurability to a small part 

of the dictionary words,and the old and new paradigms will inevitably change the meaning of 

certain words. Most of the words are successfully inherited and a small number of words are 

changed, that is these changes that make it impossible to translate, and the so-called 

"incompatibility" problem arises. Kuhn explained from the perspective of linguistics that the root of 

incommensurability is actually the change of the concept of words. After explaining the reasons for 

the "incommensurability" and the scope of the emergence, Kuhn proposed a solution- the scientific 

members carefully study the language and master another language to ensure that they can 

understand and communicate with each other smoothly. This will have the prerequisites for 

comparison. 

During the publication of the series "The Road After Structure", Kuhn coincided with the beginning 

of the cognitive science revolution to provide explanations for characterization, problem solving and 

learning, which are closely related to Kuhn's conceptual insights. When people accidentally pick up 

Kuhn's writings and cognitive psychology monographs afterwards, they may find important 

relationships between incommensurability, paradigms, and concepts. I think that Kuhn's problems in 

his interpretation of different paradigm sciences are more instructive for understanding more general 

scientific explorations and human exploration of knowledge. Subsequent advances in cognitive 

psychology have indeed defended Kuhn's theoretical choice mechanism. 

2.Kuhn’s Taxonomy Theory 

Since the 1980s, Kuhn has proposed a new interpretation of incommensurability, incorporating 

meaning changes into a limited group of terminology. These categories of terms, along with their 

interrelationships, form a taxonomy that classifies entities within a specific scientific field.[5] Kuhn 

called this classification a "lexicon." The important connotation of the lexicon includes the 

following two parts: (1) the kinds of words and their references contained in the lexicon divide the 

world into interrelated categories, and the whole category constitutes the whole world. (2) The 

relationship between different types is determined by the lexicon, which has its classification 
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structure and lexicon system. [6]The lexicon is a product of historical society. People who use the 

dictionary are influenced by cultural history. Different historical sources, social backgrounds, and 

knowledge levels will form different lexicons. The corresponding dictionaries must be used in daily 

life or scientific activities. The lexicon is a tool used by different groups to understand the world to 

express the world. Appearing of lexicons before and after, some of the lexicon has continued 

smoothly,and the general connotation has not changed much. This part of the common lexicon will 

not cause obstacles to the understanding before and after, but some vocabulary changes have created 

obstacles to understanding in the lexicon.Under the Science Building, the dictionary is the basic tool 

for expressing scientific theory. Without a dictionary of common structure, we cannot understand 

the new scientific theory, and we cannot enter the real exploration of the world.As the dictionary 

mentioned above is the product of social history, social history never stops developing, so many old 

examples in daily life have undergone new changes or new paradigms have emerged. Such changes 

have led to better accommodate new paradigms.Only a small number of examples can change the 

lexicon one by one in this way. If there are too many examples to adjust, then the problem is no 

longer a single law or a single general law, but the entire lexicon they use to state. table. The 

lexicon-changing classification structure will also change, and the scientific theory will consciously 

make changes. With the gradual advancement of the revolution, the lexicon has undergone a major 

change, so the new lexicon replaced the old dictionary, that is, the new paradigm appeared. 

Therefore, by examining the changes in the dictionary, we can understand the changes in the theory 

of scientific development. Once such transformations occur, some of the statements previously used 

to describe the possible world are untranslatable in the new scientific lexicon. This part requires 

careful study. “The lexicon gives a passage to a set of possible worlds, but it also blocks access to 

other possible taxonomy and incommensurability worlds”.[7] Kuhn pointed out that the scientific 

revolution is actually a revolution in the scientific language system. We know that different 

scientific worlds need different structural lexicons to enter. Once such a conversion occurs, different 

language communities are required to learn new lexicons, otherwise the two will be not 

understandable. 

Mastering the lexicon is the key to exploring the true face of the world,scientists must master a 

lexicon for precise scientific activities. When there are sporadic anomalies in conventional science 

that lead to multiple crises and scientific revolutions finally.Members of the community will 

abandon the old lexicon to accept the new one, and willing to accept the members of the new 

lexicon to form a new scientific community, the old scientific community may barely exist and may 

have disintegrated. In the community, members use the same lexicon,in other words, scientists who 

use the same lexicon are members of the scientific community,while cientists who use different 

lexicons belong to different scientific communities. Only the same dictionary can be used to the 
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maximum extent, full understanding of the meaning of scientific theory can better communicate and 

learn within the community.Therefore, if different scientific communities want to smoothly 

compare and communicate, they need to master each other's scientific lexicon, and the premise of 

establishing a "face-to-face" dialogue between different scientific communities is lexicon. "We can 

pay attention to or see some singular phenomena of super-existing theory and conventional 

expectations,these singular phenomena often lead to the establishment of new theories." [8]And the 

emergence of singular phenomena will inevitably add corresponding new category terms to the 

lexicon. In addition, during the classification change, terms from the old taxonomy will be 

preserved, some will be deleted, and many will be reorganized in different ways. 

These changes affect not only the referents of individual terms, but also the allegations of a set of 

interrelated terms, which must be redistributed.Since such changes and the redistribution of the 

response after the change always involve multiple terms, and because those kinds of terms are 

interactively defined, the changes in taxonomy cannot be purely local, so this redistribution must be 

holistic.Furthermore, the holism is rooted in the essence of language, because the taxonomy is in 

fact the standard that associates the reference of the concept with the world, so language is the 

carrier of the world in which people perceive the world. It is a two-sided side of a coin. Looking out 

to the world, looking inside, seeing the image of the world in the alleged structure of language.It is 

on this premise that Kuhn's interpretation of incommensurability is based on the classification 

category, which stipulates the scope of incommensurability. These ranges mainly refer to taxonomic 

terms or category terms.These terms have two basic properties. First, the object of the category term 

is inexhaustible in quantity. Second, Kuhn refers to this restriction as the "non-overlapping 

principle", that is,there are no two types of terms that have different names but the same objects, 

unless the two types of terms are "species".[9]No dog is a cat at the same time, no gold ring is a 

silver ring, etc.Therefore, if a member of a speech community encounters a dog, and the dog is also 

a cat (or more realistic, a creature similar to a platypus), they will not only enrich their category 

terminology, but must classify Part of the system is redesigned. 

Members of the Community are required to comply with the above taxonomy usage rules.The 

classification category is a conceptual illustration from another perspective. The most important one 

is not a single term,it is a special operation mode that gradually forms a classification thinking 

between the upper and lower concepts. It helps scientists to establish basic concepts.Accepting 

different dictionaries means accepting different ideas. Only members can accept the common 

classification categories in order to communicate in an accessible field in the field of their research, 

and they have a bridge of rational dialogue.Please note now that before we can begin to describe the 

world, there must already be some sort of lexical classification system, and the common taxonomic 

category is a prerequisite for barrier-free communication in the field in question at least.If the 
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classification systems of different linguistic communities differ in some local areas.When a member 

of one of the communities makes certain statements, the statements are completely meaningful in 

the linguistic community, but they cannot expressed by another community member in principle.To 

bridge a gap between two communities, you need to include some sort of terminology in a 

dictionary that overlaps with existing terms and shares the same referential object.In this way, 

incommensurability becomes an untranslatability.Being confined to this or that field of two different 

classification systems, it is not the old distinction that makes this happen, but the term that violates 

the non-overlapping condition, or a term that violates the hierarchical relationship.Such violations 

do not hinder the understanding between the communities. A community member can learn the 

classification system used by another community member, just as historians learn to understand old 

documents.Once the member accepts the dictionary, it accepts the category.Community members 

can communicate in an accessible manner in the areas of expertise they study, and there is a bridge 

of rational dialogue. 

Incommensurability means that there is no common dictionary, a common scientific language, and 

there is no precondition for understanding.In other words, for different language communities, there 

is no identical dictionary between them and good translation tool, so they cannot be translated 

between them.The vocabulary and concepts we use in everyday language activities are slowly 

acquired during the learning process in which the examples match the prototype.Once certain kinds 

of terminology have changed in the form of life, and the alleged object has also changed, it will 

bring about changes in the word system. The classification of the conceptual structure will 

inevitably produce a butterfly effect, leading to the upper layer of the scientific language 

community.In this way, "incompatibility blocks the connection of different scientific 

communities."[10]For example, Copernicus's statement "The planet orbits around sun" and 

Ptolemy's statement "The planet rotates around sun" are statements based on their own astronomical 

classification system.The difference between the two statements is not a simple factual difference. 

"Planet" appears as a category term in both statements, and the constituent members of the two types 

of terms are overlapping, but not each category contains all the celestial bodies of another 

species.All of this suggests that there are events in the development of science that involve 

fundamental changes in taxonomic categories, so that later observers face problems similar to those 

encountered when anthropologists attempt to enter another culture. 

Although there are situations in scientific development that are difficult to understand across 

classification systems, the incompatibility that is rooted in the changes in the terminology 

classification system is, to some extent, not completely incomprehensible and mutually 

inclusive.The process of human learning concepts is this: we identify certain things, form the image 

of these object in the mind and relate to a term, and the object that the term refers to is the thing.In 
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the ever-expanding learning process, we have constructed a number of terminology vocabulary 

diagrams that become overlapping and intersecting vocabulary networks.They are described by 

Wittgenstein's “family similarity”: some terms are used by a certain scientific language community, 

some terms are used by several scientific language communities.Therefore, we can assert that the 

incommensurability between scientific communities is not absolute but relative, and there is a partial 

commonality between them.The local commonality has established a stage for rational comparison 

for the different understanding and theoretical evaluation of different scientific communities.In 

addition, “those terms that retain their original meaning after theoretical changes provide a sufficient 

basis for discussion of differences and comparisons related to theoretical choices.”[11]The change 

in meaning takes place within the scope of a limited term, and the basis for a rational comparison 

between the competition paradigms—the invariant concept always exists. 

3.Interpretation of the incommensurability problem under the taxonomy method 

We will consider such a problem in combination with the history of biology and science:  how do 

concepts and classification ideas explain the problem of incommensurability in the face of 

front-to-back paradigm shifts? how to respond? 

3.1.Taking the "ornithology" classification as an example 

In Kuhn's mature work, the most important concept system is the category level or taxonomy. 

Taxonomy is easily characterized by a frame diagram, and other types of conceptual systems can 

also be characterized.In this section, we will use a frame diagram to examine a biological example. 

We will show that Kuhn's prediction of classification changes is confirmed in detail by this 

historical case, and these changes can also be rationally evaluated. 

A frame diagram[12] is a series of multi-valued features that are integrated by structural 

relationships. Figure 5 is a representation of the partial structure of the concept "bird", which divides 

the features into two groups: attributes and values. All "bird" examples share features in the attribute 

figure, such as "beak", "body", "leg" and "foot". 

When a specific subset is selected to characterize a specific subordinate concept, the characteristics 

of the column of values and the nodes characterizing the superior concepts that are directed to them 

are "activated".For convenience and clarity, Figure 5 uses a line to connect the activated point to the 

other node on the far right to indicate the specific subordinate concept(waterfowl and land 

poultry).However, for features and value points, each subordinate concept can also be understood as 

a unique way of activation. The selection of any mode constitutes a prototype of the subordinate 

concept, taking a typical waterfowl for example, whose values of "beak", "leg" and "foot" are 

limited to "round" "short" "webbed".[13] 
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Figure.1 Partial ornithology frame 

This frame diagram contains the internal relationships between two important concepts. First, this 

frame diagram describes the hierarchical relationship between features, unlike traditional 

assumptions——All features within a concept are structurally equivalent. The frame maps the 

feature into two distinct levels, some of which are attributes such as "beak" and "foot", and the rest 

are values.A value is always attached to a specific attribute and its function as a case of an attribute, 

therefore not all features in the generic concept are functionally equivalent: only attributes may be 

used as a classification criteria. 

The relationship inside the second type of concept represented by the frame diagram is the 

"horizontal relationship" between the nodes in the frame diagram, and the nodes at the attribute level 

are related to each other.The specific example of "neck" is always attached to the instance of "body" 

in physiology, and the specific example of "leg" is also attached to the instance of "body" in 

physiology, but the example of "leg" is never physiologically attached to the "neck".If someone 

points to a bird and says, "There is a bird here and the legs are attached to the neck." People often 

point that this person does not understand the concept of "bird", which is not wrong but 

meaningless.In Kuhn's taxonomic theory, learning a concept like "bird", including learning the 

limitations that exist between its attributes. 

In addition, the value produces a limitation of system differences: if the value of "foot" is "webbed", 

then the value of "beak" tends to be "round"; if the value of "foot" is "without wedded", then the 
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value of "beak" tends to be "sharp".These patterns can be understood as a limitation imposed by 

nature on physiology, with webbed feet and round beak adapting to the environment in which 

waterfowl live, but they can be obstacles on land. Due to these restrictions, attributes such as "beak" 

and "foot" must be used together as a group in the classification. 

A frame diagram like Figure 5 can be used to characterize the classification of birds. It shows that 

there is an inclusion relationship between the upper concept "bird" and the subordinate concept 

"waterfowl" and "land fowl", and it also shows that there is a contrast between the concepts within 

the same subordinate concept group."Waterfowl" and "land birds" should never be applied to the 

same object. It is acceptable to call waterfowl a bird, because the concept in front of the frame is 

attached to the latter concept, but it is unacceptable to call it a land fowl. In other words, The 

concepts belonging to the same subgroup cannot overlap on their reference, so no object is both 

waterfowl and land birds——This is the principle that Kuhn's category term does not overlap.In the 

category system represented by the frame diagram, the inclusion and comparison relationships are 

rooted in the internal structure of the superior concept, and the inclusion relationship is derived from 

the feature column: all subordinate concepts belong to the superior concept because they share 

certain characteristics of the attribute.The comparison relationship is derived from the activated 

values: if the two subordinate concepts have different values on the same attribute, they form a 

contrast relationship. 

This frame representation also shows the cognitive mechanisms behind the classification 

process.The framework of the subordinate concept directly determines the possible concepts at the 

subordinate conceptual level. For example, since the framework of the "bird" in Figure 5 has five 

attributes, each attribute has two possible values, so there are 32 possible combination of features, 

some of which are not possible in practice due to limitations in the combination of values.If this 

framework is adopted, there is no example of "bird" with both "round beak" and "claw foot" or 

"sharp beak" and "webbed foot". No other combination is found in nature.As a result, there are only 

two combinations of characteristics - round beak and webbed foot, sharp beak and clawed foot, 

which form two subordinate concepts - "waterfowl" and "land bird". In this way, the framework 

defines the classification criteria: birds are classified by their beaks and feet. 

In the early 19th century, a South American bird called "anhimidae" was found, that has webbed 

feet like a duck, but has a sharp beak like a chicken. This kind of bird can't be included in the 

framework of beak and foot as the classification standard above.In order to accommodate such 

abnormal cases, biologists use more attribute classification standards (new classification) to 

accommodate abnormal cases like "anhimidae" in the old system.[14]Due to the redistribution of the 

referents, many terms in the new classification cannot be translated into the old classification, so a 
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new classification standard must be proposed, otherwise the communication between the two system 

followers will cause problems.We should not attribute such taxonomic changes in ornithology in the 

19th century to individual anomalies or expect them to happen in an instant. In this case, the 

inclusion of new discoveries such as duck calling has led to the abandonment of the original 

taxonomy and the introduction of new incommensurable taxonomy.This event embodies almost all 

the features of Kuhn's original explanation of scientific changes: the old paradigm (taxonomy) has 

produced an anomaly that can not be solved by replacing it. One of the main advantages of the new 

taxonomy is that it can solve the problem that led to the crisis of its former taxonomy - it can answer 

"is a duck a waterfowl or a land bird?" The idea of classification based on concept attribute 

described by us provides resources for understanding the disintegration of consensus in the scientific 

community caused by abnormality and the way to solve the abnormality. 

3.2.Take astronomy as an example 

Another and more subversive case of scientific change may be understood in the same 

way.Copernicus' innovation in astronomy was not spurred by the anomalies that hindered the 

comparative classification of astronomical objects in the 16th century. Instead, his main objection to 

Ptolemy's astronomy was that it used the so-called" eccentric uniform point "mathematical device, 

which was used to reconcile epicycle theory and practical observations .[15]Western astronomical 

tradition has long accepted the view that celestial motion is a combination of circles running at a 

constant speed. Therefore, any celestial motion should have three attributes: Center, radius and 

speed (Figure.6) according to this principle. In this simplest example, we assume that a point is both 

the geometric center and the rotation center, and the geometric center of a celestial body is both the 

starting point of its radius and the reference point for measuring the angular motion of an object in 

circular motion.Because of this simple conceptual structure, Ptolemy could not include the direction 

and duration of retrograde motion. In his major astronomical works, he not only separated the 

observer from the geometric center of the celestial sphere with a planet, but also separated the 

rotation center from the geometric center more thoroughly, and moved the observer (earth) away 

from the geometric center, making the circle away the centre.[16]Ptolemy places the center of 

rotation at a distance equal to the observer's distance from the geometric center but directly opposite 

it, and calls this point an eccentric uniform point. In all his models, Ptolemy uses this unusual 

conceptual structure. 
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Figure.2 Partial frame of "circular motion" 

The difference between the two schools of astronomy before Copernicus became the different 

choice of the value of an attribute corresponding to the celestial sphere circle. According to the 

Averoyists, all celestial circles must be centered on the earth (Figure.7),and Astronomers believing 

in Ptolemaicism allow circles of celestial movement to have different centers, which for some 

planets are far from the earth (Figure.8). 

 
Figure.7 Partial frame of Averoyism’s theory of celestial motion 
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Figure.8 Partial frame of Ptolemy's theory of celestial motion 

 
Figure.9 Partial frame of Copernicus' theory of celestial motion 

 
Figure.10 Partial frame of Kepler's theory of celestial motion 

It is surprising to find that Copernicus's planetary model can incorporate the same conceptual 

structure as Ptolemy's astronomy (Figure.9), although there are small differences in the values of the 

attributes "radius" and "velocity", which can be adjusted without introducing new attributes or new 

ranges of values. Copernicus's framework is the same as Ptolemy's, it has the same branch structure 

and nodes connected into the same string.According to the view of 16th century astronomers, 

Copernicus put the center of planetary body movement in the position of flat sun, just to choose a 

new eccentric point to represent the circle of celestial body movement, but Ptolemaic astronomers 
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have used such a point, so they did not regard Copernicus as a threat to Ptolemaic, but as a potential 

alliance to defend the Aeroyists. 

If we compare these three conceptual structures with the framework of Kepler's astronomy theory, 

greater incommensurability will appear immediately.Not only new attributes and new values are 

introduced, but also the node representing the new concept - "orbit" has replaced the node 

corresponding to the upper level of "circular motion" in the earlier frame diagram. Interestingly, this 

kind of node modification takes place in a conservative way: the innovation introduced by Kepler 

adapts to the existing conceptual structure and replaces the existing nodes, retaining the original 

branch mode.However, it is clear that Kepler's work has introduced a thorough revision in the 

concept. Looking from left to right, the overlapping comparison between Kepler's system and the 

earlier frame diagram shows that we immediately encounter inconsistent choices for a series of 

nodes. These changes can be used to test the severity of the incommensurability introduced to the 

extent that they go deep into the upper level nodes.Using this standard to compare Figure 9 and 

figure 10, we can see that Kepler's theory of celestial motion is incommensurable with Copernicus's, 

and its degree is the same as that of Ptolemy's.From this case, we can see that the concept of 

"circular motion" and "orbit" are the root causes of incommensurability, and the substitution of 

"orbit" for "circular motion" completely results in incommensurability between Ptolemy and 

Kepler's and Copernicus's theory of celestial motion. To sum up, the idea of classification provides a 

new answer for understanding the emergence of this incommensurable phenomenon. 

4.Is the new approach of classification effective? 

The problems related to the change of classification is the focus of Kuhn's academic career. These 

problems are difficult, but I believe they are not insurmountable.The difficulty is that they are at the 

juncture of history, philosophy and psychology, so they need to be solved by cross research of many 

subjects. A cognitive rereading of Kuhn will eventually reduce some of the mythology of his 

research.Now, let's go back to the first question of this paper. In the face of the problem of 

incommensurability, is the classification theory proposed by Kuhn really effective? 

What we have seen in cognitive science leads us to this view. We want to say that the more 

reasonable explanation for the appropriateness and generality of Kuhn's argument is that the idea of 

Kuhn's classification is based on the cognition that has been proved by cognitive scientists to be the 

universal characteristics of human intellectual activities. Therefore, in the face of real cases in the 

history of science, Kuhn's theory is Standing up to the law of science. 

One of the important contrasts in Kuhn's original research is the distinction between conventional 

science and revolutionary science. We may now understand this distinction as the distinction 
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between research based on the existing conceptual structure and research carried out by modifying 

the existing conceptual structure.In principle, we should not regard this distinction as a linear result 

corresponding to historical changes, that is, conventional science follows revolutionary science, and 

revolutionary science follows conventional science, so infinite. The two research models may 

coexist, which is why the conservative nature of conventional science and the conceptual structural 

changes of the great revolution are relatively rare mentioned in Kuhn's later works.[16] 

As we emphasized at the beginning of our discussion on the concept of family resemblance, the 

success of a community in classifying the existing object instances that interest it does not guarantee 

that all members of the community will use the same features of those objects when classifying 

them.According to the framework representation, when objects are classified, different members of 

the same community will choose different attributes and different values of those attributes, which is 

always possible. Only when irregular objects, such as Kuhn's anomaly, appear, the differences 

among members become more and more prominent.Such an object between different categories in 

the control group may divide a community into people who believe it can be included in the current 

taxonomy and people who don't believe it can be included. In addition, the emergence of a new 

concept or the change of the original concept will cause the confusion of similarity, that is to say, it 

violates the principle of non overlapping, which leads to the changes in the number and structure of 

dictionaries. Once the basic dictionaries are changed and the classification system is changed, 

incommensurability will occur.When the change in the two structures is not enough to cause the 

change of the whole classification system, the language community can be understood smoothly. 

When the variable of the concept reaches the threshold and causes the change of the classification 

system, the language communities using different classification systems will not be able to 

understand and compare, but the invariant concepts in the classification system can still be 

understood in this range.Obviously, the complete failure of communication between the opposite 

groups with incommensurable conceptual structure will not happen. On the contrary, the analysis of 

concepts in dictionaries shows a large number of factors supporting the mutual understanding and 

rational evaluation of competitive positions. Therefore, it is effective to explain and deal with 

incommensurability on the basis of taxonomy theory. 
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