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Abstract 

Model fictionalism put forward by the philosopher Roman Frigg and others, though 
popular among the model epistemology today, does not conform to the characteristics of 
models used in scientific research in practice. When tracing back to the Computer 
simulation process of atmospheric science using digital models, it is shown that the 
atmospheric models are significantly different from what "literary fictions" declaim. 
That is to say, the essence of the scientific model is to represent the prototype. The 
atmospheric model is constantly evolving and its development is continuous and 
dynamic, while models pursue the result to be "true" and emphasizes cognitive function, 
which makes it impossible for us to simply regard the atmospheric model as a certain 
kind of general fiction like "literary fiction". 
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1. Introduction 

In the 1940s Von Neumann and Stanislaw Ulam used the Monte Carlo method to carry out 
numerical simulations, which the first try of computer simulation originated. Davis and O'Keefe 
defined computer simulation as the establishment of an abstract model to represent certain 
systems in the real world, using equations and relations to express certain aspects of the system 
and perform calculation (Davies and O'Keefe 1989). From the perspective of philosophy, 
computer simulation is that the subjects of knowledge establish an individual abstract model 
to represent certain systems in the objective world, and determine the value range of system 
variables and the interrelationships between variables, and then use the computer as a 
computing medium to show the virtual process of objective system evolution. With the rise of 
computer technology, the method of computer simulation that is based on digital models to 
calculate and simulate has gradually been applied in many research fields, and the most 
remarkable results have been achieved in the practice of atmospheric science simulation. For 
instance, global warming has become the first global political issue raised by scientists in 
history, and research on climate change is still in the ascendant (Wang 2018). So far, the IPCC 
has conducted the assessments of global climate change 5 times, and the assessment results 
have significantly affected how nations make their national environmental decision and policy, 
resulting in a game of CO2 emission reduction among countries. 

    Compared with models in other discipline, the climate model is the most complicated one of 
all scientific models. With its unique characteristics, it provides unique materials 
correspondingly for the philosophical research of scientific models. Also, any computer 
simulation book without climate models mentioned will be considered incomplete. So, how 
should we view the results of computer simulations? Investigating the practical activities of 
atmospheric sciences, we can find that some models are used when computers are used to 
simulate the climate system. These models do not all come from the internal theories of 
atmospheric science, but also come from other scientific theories such as physics, biology, 
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chemistry, and other scientific fields. The computer is not just a calculation tool in the 
simulation process, it also undertakes the task of modeling. Therefore, how to understand the 
role of these models and how to obtain information about the real world from these models has 
become the key point to explain the conclusion of the computer simulation. 

When discussing how to understand the role of models in scientific research, many 
philosophers recognize scientific models as fictional views. This fictionalism shows new 
features compared with traditional fictionalism such as Nancy Cartwright and Arthur Fine. For 
more details, traditional fictionalism asserts that unobservable entities and theoretical entities 
are not real and that scientists use them only to save the phenomenon. However, the new 
fictionalism emphasizes the role of imagination in scientific practice and claims that scientific 
models are fictional works, so they are also called "model fictionalism" (Frigg 2010). Now that 
"model fictionalism" is different from traditional anti-realism fictionalism, what is the 
relationship between it and scientific realism? Are the two compatible? There have been many 
studies that show that the two are compatible, and have given a solution to make the two 
compatible (Sugden 2002, Sterman 2006). Therefore, some philosophers argue that we should 
agree with this model of fictionalism that is compatible with scientific realism, while some 
philosophers insist on anti-realistic model factionalism (Frigg 2010, Toon 2010). Whether we 
adhere to scientific realism will affect our attitude towards the IPCC report and further affect 
our climate policy formulation. This article traces the history of simulating atmospheric 
systems with digital models to criticize the anti-realistic model fictionalists represented by 
Roman Frigg, to illustrate the necessity for the model to be biased towards scientific realism.  

2. Frigg's Model Fictionalism 

Frigg regards scientific models as "literary fiction-like fictions". He pointed out that model 
descriptions are adopted to represent model systems in scientific practice and to represent 
target systems (real world). Among them, the first representation is compared to a "pretend 
game", and the second representation is similar to a metaphor of a map and reality (Frigg 2010). 

Frigg's model fictionalism resources from Hans Vaihinger's Die Philosophie Des ALS OB that was 
re-interpreted by Arthur Fine and then received widespread attention (Toon 2010). Hans 
Vaihinger explained several characteristics of fiction in his book from different aspects. First, 
fiction deviates from reality; second, fiction is only a scaffold in the process of scientific research, 
which will eventually be dismantled; third, when using fiction, people are supposed to know it 
is fictitious, which means science fiction must be practical (Vaihinger 1935). On the one hand, 
Frigg emphasized the role of imagination in scientific models and focused on the characteristics 
and functions of literary fiction and models. He pointed out that neither literary fiction nor 
models describes the real world. The characters in literary fiction do not refer to the characters 
in the real world; naturally, in the real world, there are no things represented in literary fiction. 
Likewise, Newton's solar system model could not be representative of the actual solar system. 
On the other hand, both literary fiction and models can provide us with information by viewing 
and analyzing (Frigg 2010). That is, when reading literary fiction, information about the 
characters appearing in literary fiction could be obtained naturally. Similarly, after studying 
models, so does it. For example, the planetary motion of the solar system can be clearly 
understood through Newton's solar system model. In addition, it provides a good way to reason 
and analyze the information given in the literary fiction and the model, such as inferring that 
Sherlock Holmes has a high IQ through the experience of solving the case while inferring the 
inverse-square law of universal gravitation by observing the planets in the Newtonian solar 
system model. Based on the above similarities between the model and the literary fiction, Frigg 
asserted that the fiction of the scientific model is the same as the fiction of the literary fiction. 
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3. Development of Climate Models 

In 1922, Richardson began to use digital models to predict the weather but failed.  The 
experiment conducted by Phillips in 1956 is considered to be the beginning of a successful 
numerical experiment for climate simulation. Later, climate numerical simulation was 
gradually applied to global climate simulation and showed strong cumulative characteristics. 
In 1988, the United Nations Intergovernmental Panel on Climate Change (IPCC) was established. 
In 1990, the IPCC used the general multi-layered atmospheric circulation coupled mixed layer 
model for the first assessment of global climate change, in which only the characteristics and 
evolution of the three elements temperature, humidity, and air pressure were included. In the 
second assessment of the IPCC in 1997, factors such as ocean currents and sulfate were added 
to the model. In the third assessment of the IPCC in 2001, the model further considered factors 
such as surface runoff, ocean circulation, carbon cycle, and aerosols. In the fourth assessment 
of the IPCC in 2007, factors such as green vegetation and atmospheric chemistry were added to 
the climate model. In the fifth assessment of the IPCC in 2013, the global climate system 
evolution model included five spheres, including rocks, oceans, ice and snow, atmosphere, and 
the biosphere, which proves that the climate models simulated by computers became more and 
more sophisticated (Zhao et al 2018). Each report presented by the IPCC is the result of the joint 
efforts of hundreds of leading climatologists from all over the world and it shows higher and 
higher certainty factors (IPCC 2014). 

When it comes to simulating a system with a digital model, we often think of using a computer 
for simulation experiments, but it is a misunderstanding. Using a computer is only an explicit 
model, and does not get the essence of this simulation. The essence of this kind of simulation is 
a set of operational processes, which includes system analysis, structural modeling, program 
writing, operation debugging, verification feedback, and other links. Throughout the process, a 
digital model is processed by analyzing and managing the data and theoretical formulas of the 
research object, and by which then some conclusions can be made. Moreover, the next step is 
to verify or falsify these conclusions based on real-world experience. Here, it is useful to 
distinguish between two different types of confirmation. The first type of confirmation that 
considers the compatibility of the theories within the model is called verification; the second 
type of confirmation that considers whether the model and the real world are compatible and 
consistent is called validation (Pronskikh 2019). Considering the features of simulation, 
although people can use a digital model to simulate a system without using a computer, the 
computer does bring convenience in processing large amounts of data and theoretical formulas.  

4. Climate model and model fiction 

Reviewing the development of atmospheric science models, it is found that atmospheric models 
that simulate climate change have been improved with the development of related theories of 
atmospheric science. The essence of the model is to represent the prototype, and the inflatable 
model is constantly pursuing a more realistic fit of the real world. The climate model 
continuously introduces new climate science theories and is constantly updated on the original 
basis, showing its specific dynamics and continuity. To study the climate system more 
realistically and predict climate change more accurately, and the predictive capabilities of the 
model are constantly becoming stronger with the continuously improved climate model. 
However, when the author completes a fictional literary fiction, he will not update the literary 
fiction due to changes in the real world. Therefore, the pursuit of "truth" is the value orientation 
of climate scientists' research on climate change, but literary fictions do not pursue the goal of 
"truth", nor do they use "fiction" to predict the real world. 
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4.1. The climate model fits the real world 

Scientific models, one of the main tools of scientific research, act as a bridge between the real 
world (object) and scientific theory (subjective knowledge), which are very important in the 
modern scientific environment (Frigg 2010). Besides, models have the function of 
characterization, and then the scientific characterization is supposed to be objective. As for 
Frigg, he believes that various disciplines involve simplification and idealization in modeling, 
but there is no corresponding object or feature in the real world, so the model has fictional and 
imaginative elements, and he believes that the model has something in common with the 
literary fiction. The essence of Frigg's model system is the essence of fiction. Cartwright believes 
that "models are fictional works" and treats physics as drama or fable. Fehn believes that the 
simulation of natural phenomena in science involves fiction. Godfrey- Smith believes that the 
content of imagination in modeling can be regarded as that which is familiar with, that is, the 
objects of imagination in literary fiction (Frigg 2010). 

During scientific research, scientists often construct scientific models through abstraction and 
simplification. Compared with real objects, scientific models omit certain features, while at the 
same time they are artificially added to some features. By simplifying the image of the real 
world, scientific models can better represent the world and can be used as independent 
research objects so that some operational research can be conducted by scientists. Compared 
with the real world, the model may be partly fictitious, but part of the model is real. Model 
fictionalism does not provide any reason for treating the overall model as a fictional work; on 
the contrary, the model provides a real and systematic scientific representation. Frigg believes 
that additional content can be introduced through "metaphors" in literary fiction, but most of 
the work of the model system is to determine whether certain statements about it are valid. For 
example, the most important criterion of the atmospheric scientific model and most of the work 
is to update the fittings of the real world better. The important reason why fictionalists propose 
model fiction is that the model does not have a completely corresponding prototype in the real 
world. But most abstract models, especially those described by mathematical methods, cannot 
fit any real system perfectly. For example, the latest Global Climate Model divides the earth into 
a small grid per 100 square kilometers, and divides the cells into layers every ten kilometers in 
the vertical space, and adds water vapor, light, and clouds to the grid model. With the 
interaction of many elements, the model is so complex that there is no identical prototype in 
the real world (Wang 2013). Some elements of the atmospheric science model may be 
inconsistent with anything in the world. Scientists may even construct models that will never 
fit the world perfectly. But is the model considered fictitious if it does not match the world well?  
Frigg advocates that the model construction involves imagination and then he adheres to the 
model fictionalism. But all thoughts and exchanges involve the category of idealization. If 
idealization and the lack of a perfect fit for the model mean that the model should be regarded 
as fiction, then most of the people's thoughts and expressions should be regarded as fictional. 
The differences between non-fictional works and fictional works are once again obliterated, 
and model fictionalists such as Frigg cannot draw a clear dividing line between "fiction" and 
"real". 

In terms of epistemology about the model system, Frigg et al. divided the physical model and 
the imaginary model and believed that the model system is an imaginary physical system. But 
even there exist imagination and simplification in the physical models they think such as scale 
models and physical models, they cannot give demarcation standards between the so-called 
physical model and the imaginary model. Imagination and idealization are not inherent to 
scientific problems, and imagination and idealization are also involved in daily life. Is it 
necessary to think that daily life and literary fictions have important things in common, and 
then put forward the theory of "fictional life"? 
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Some philosophers of science try to find clues to understand the nature of models from analogy 
"fiction". The nature of scientific models often has dual attributes. On the one hand, the 
abstracted feature of the model makes the connection, structure, and function of the physical 
system different from the real prototype; but in essence, the model on the other hand strives to 
be consistent with the connection, structure, and function of the real physical system. The 
model is the simulation and representation of the prototype, so starting from the model will not 
draw conclusions that are inconsistent with the prototype. Although all the characteristics and 
attributes of the prototype are not fully covered in this model, they are not random 
imaginations similar to "literary works", but only part of the attributes of the prototype are 
represented for the convenience of scientific research. Philosophers believe that models can 
only indicate the essence of reality when representing specific aspects of the real world.  

Scientific representations need to be objective that can provide facts about the outside world, 
while the prescribed representations used in literary fiction are not necessary. Christopher 
Pincock put forward the "export problem", that is, how the representation content of the target 
system can be derived from the fictional model, to question the objectivity requirements of the 
scientific representation of model fiction (Pincock 2011). GCM originated in 1963 when 
Smagorinsky used some basic equations to deal with atmospheric circulation. For more than 
50 years, it has gradually joined the coupling mode of various modes of the earth's hydrosphere, 
cryosphere, biosphere, and Anthropocene, and its parameters have not only moved towards 
accuracy (Wang 2013). Scientific models are often adjusted, revised, criticized, and even 
discarded for failing to correctly represent specific things in the real world. For example, the 
models and parameters in GCM are constantly adjusted to get closer to reality. In the real world, 
there are no fictional characters such as Nuwa and Achilles who are super capable and are 
separated from the real world, but the literary fiction have not been criticized by the public 
because of this, and they do not need to be adjusted. 

Frigg thinks that models and literary fictions share important aspects in common. Using 
fictitious views and pretense theories about models, he proposes that imagination is an 
authorized intersubjective game and the rules of which are generated and authorized by props. 
In scientific research, it is neither necessary to adopt some views of fictionalism, nor adopting 
the pretense theory to adding something relevant to this question. Scientists in the laboratory 
do not pretend to find anything or participate in the relative pretending process but aim to 
provide reliable information about the target system. There is no need to redefine what is 
already well-known in the biography of philosophy of science, which will lead to unreasonable 
success in scientific undertakings. This shows that the analogy between the model and literary 
fiction is useless, and it is not helpful in scientific research and scientific modeling. According 
to Occam's Razor-“Entities should not be multiplied unnecessarily”, it is not necessary to 
discuss if fiction is redundant. 

4.2. Climate model is dynamic and continuous 

Model fictionalists such as Frigg propose that the model contains some "missing systems" that 
are not existing in the real world. Therefore, the model is full of descriptions of the missing 
system that is undoubtedly fictitious. Meanwhile, in the epistemology of the fictional view of 
scientific models, it is believed that there is no corresponding empirical system in the real world, 
and scientific models are labeled as "fiction". In the process of scientific research, the "missing 
system" is represented by the target system itself, and the model does not represent the 
"missing system". As long as after accepting the conclusions of the research process, the 
"missing system" is not considered unillustrated and unknown, but to be "known" and "useful" 
and then be included in the model. When the final scientific result has been achieved, together 
with the related experimental description, anything that does not fit the final structure is 
fictitious, so the model that helps to reach that result itself is also fictitious. Scientific models 
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include "real systems" and "missing systems." It is undoubtedly a mistake for model fictionalists 
to treat the model as "fiction" by exaggerating just because the "missing system" has no 
equivalent in the real world. 

As a development-oriented system based on a prototype, scientific models, which is similar to 
the dissipative structure system presented by Prigogine, often feedback to the outside world in 
a dynamic and convertible way. The construction of the model is a dynamic process, and a large 
amount of external knowledge is obtained with the expansion of scientific research fields, the 
accumulation of data, and the improvement of methods. Scientists often use new external 
knowledge to replace the parameters in the original model, so that the scientific model is 
constantly approaching the prototype and better participating in related research. The climate 
system is very complex, not only including the interaction between the atmosphere, ocean, land, 
ice, snow and other components, but also some physical, chemical, and biological processes. 
Atmospheric science models also get various kinds of feedbacks such as water vapor positive 
feedback, ice and snow albedo positive feedback, cloud radiation feedback, etc (Yongyun Hu 
2012). The above feedback process is usually when one of the components changes, these 
interactions will cause other components to change, and feedback to the original changes, 
resulting in greater changes. Therefore, climate models have been constantly changing and 
updating, presenting the dynamic process of climate models and scientific experiments 
interacting and progressing. 

The scientific model is constantly evolving with the development of science itself and scientific 
research based on the scientific model is called "model-based science" (Dong1996). The 
atmospheric circulation model started from a small space, one-dimensional differential 
equation, and gradually moved towards two-dimensional and three-dimensional. Today, it has 
developed into a simulation of global space, incorporating 26 major climate models, also 
simulating paleo-climate simulations and then predicting future climate with the impact of 
plateau uplift and changes in Earth's orbital parameters on climate considered (Godfrey-Smith 
2009). The atmospheric science model started from a simple model and evolved more models 
based on continuously fitting the real world. When constructing scientific models in the early 
stage, meteorological scientists must take real-world conditions and limitations into 
consideration. When improving and revising the model later, meteorological scientists need to 
compare the scientific results inferred from the model with the real world. At the same time, as 
the theory of atmospheric science is updated, the relevant parts of the model are continuously 
optimized and more models are incorporated to make scientific research closer to reality. This 
is the "calculus of climate science models", that is, there is a combination of many scientific 
models in atmospheric science research, and scientific problems are divided into multiple 
secondary problems by multiple models. In the process of applying the model to solve scientific 
problems, scientists do not simply apply the model to scientific research but continue to add 
more scientific models based on the progress of scientific research. The atmospheric model is 
constantly evolving, and its development is continuous, which is very different from virtual 
literary fiction. Therefore, the scientific model is not simply "fiction". 

Model fictionalists have only seen the imaginative process of the initial construction of the 
model without watching over the evolutionary process of the model as well as the continuous 
characteristics of the model development. As you can see scientific research is static and 
dynamic, model fictionalism overemphasizes the possible fictional features of models from 
statics, ignoring the exploration process and heuristic failure steps of trial and error in the 
process of model construction. It is wrong to study scientific models without paying attention 
to the static conclusions and dynamic processes of scientific research. The scientific model will 
appear fictitious from a static perspective because the scientific model will be immediately 
compared with the target system, in which case the ideal characteristics of the model will be 
presented. On the contrary, looking at the scientific model after considering that the dynamic 
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process of scientific research, is to construct clear and reproducible parts to increase the 
cognitive goal of unavailable scientific knowledge. Scientific models will be regarded as 
fictitious from a static perspective, but with a dynamic perspective, the fictional role of the 
model will disappear from an epistemological perspective. 

4.3. Climate models could predict climate change 

Fictionalism holds the opinion that scientific models are fictitious because the elements they 
contain cannot accurately refer to real entities or physical states, while Frigg insists that 
scientific models and literary works are the product of the same tool, that is, idealization or its 
being approximately similarity. For him, he trusts that treating scientific models as fictional 
works can better understand what a model is and how it works. 

The focus of model research in the 21st century has turned to the study of the representational 
role of models, that is, "how to use models to obtain true and false explanations of propositions", 
and more attention has been paid to the role of models in cognition and interpretation (Bailer-
Jones 2003). It is the consensus of philosophers and scientists that the expansion and testing of 
scientific theories must ultimately resort to empirical facts. Models gradually replace the target 
system and directly become the object of scientific research, playing an important role as an 
intermediate link between expansion and testing. Models are different from literary fiction 
works for idealized practice is a tool to guide new knowledge from the perspective of science. 
This cognitive function is a characteristic of scientific models and necessary for the success of 
the model, but not a necessary condition for literary fiction works. If we treat scientific models 
as fictitious works to understand what the models are and how they work, we may overlook 
the unique cognitive function that the models exhibit. What scientists use scientific models to 
research for is to truly portray the real world in certain aspects" rather than to satisfy aesthetics 
or express emotions as literary works do. Successful and representative models should be 
considered sufficiently real, not only because their predictions are close to experimentally 
measured values, but also because they generate new knowledge of the target system. The 
value-oriented goal of scientific research is the pursuit of truth and understanding of the world, 
as the improvement of scientific models is also a process of continuous pursuit to be more in 
line with the real world, and continuously approaching and chasing for truth. For example, in 
the research of atmospheric science, simulation for CO2 sensitivity (how much will the average 
climate increase when CO2 concentration doubles) has always been important. Up to now, 
countless calculations by Arrhenius, Plath, and contemporary scientists since 1895, various 
models have been designed to better understand the real world. The most important role of a 
climate model is its cognitive function, which can not only fit and help explain the current 
climate, but also simulate paleoclimate, and predict future climate change, only then can it be 
recognized as a good climate model. 

The theory of model fiction emphasizes the importance of imagination in model construction. 
It is believed that model construction is similar to the creation of literary fiction characters. 
Readers only understand literally when reading literary fiction without worrying about 
whether it is true or not, so does the model system. However, the problem is that scientists 
construct models to explain the real world, but reading literary fiction does not necessarily help 
to understand the real world (Pincock 2011). Although the idealized features introduced by the 
scientific model are inconsistent with the target system, such as the ideal collision of molecules 
and a frictionless plane, the model cannot be considered fictitious. 

If there is a scientific model that completely fits the real world, the model can solve the problem 
directly, and there is no need to study anything and deepen the understanding of the 
phenomenon. By thinking that the scientific model is fictitious for the target system is not 
completely consistent with the scientific model, it is of little significance to the philosophical 
research of the model (Magnani 2012). Moreover, with scientific models having achieved 
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amazing success in explaining and predicting phenomena, the results obtained have become 
more and more convincing. Even scientific models can "distort the truth" in many places, but 
they will not completely ignore the "truth". To facilitate the concrete realization of scientific 
research, scientists can temporarily ignore the "truth", but the ultimate goal is to pursue the 
"truth". 

Focusing on the similarities between fictional works and scientific models can lead to ignoring 
the cognitive features of the model. One goal of model construction is that the idealized 
hypothesis that is the basis of the model itself serving as a guiding tool through which new 
knowledge can be generated from the model. Whether the model is fictitious and whether the 
model is similar to literary fiction have little to do to build the model and how the model works. 
In addition, it is inferred that the model is fictitious from the premise that some constituent 
elements of the model are fictitious. By linking the purpose of scientific discourse and complete 
truth with literal fiction, the cognitive function of the model is blurred. However, the latter 
seems to have nothing to do with scientific discourse, especially scientific modeling. The 
relationship between literary fiction and the target is not consistent with the relationship 
between the scientific model and the target. The purpose of model construction is necessary to 
understand their cognitive functions; however, this does not necessarily help to understand 
literary fiction works and their functions. Understanding how the models work, especially how 
they provide cognitive access to the target is critical. To understand the cognitive function of 
models, the purpose for which they are constructed is the first thing we need to do. In fiction, 
the author can use any type of idealization. While in science, it is logically possible to use 
idealization to produce any model one wishes. Even if the model is based on idealized 
assumptions, these assumptions will eventually lead the scientific community to acquire new 
knowledge, and idealized models that do not lead to new knowledge will eventually be 
discarded. It seems that literary fiction works do not have a main function, and its main function 
seems to be entertainment only. Similarly, the scientific model contains fictional elements-this 
is the result of idealization and approximation. The tools used to construct the model are 
idealization or approximation, so the model must be inaccurate and inaccurate. From the 
perspective of contrast, the scientific model does systematically express the specific 
characteristics of the world in an idealized and approximate manner. Treating models as fiction 
misunderstands the professional status of models, misunderstands the goals of models, 
misunderstands the role of models in the process of scientific discovery, and obscures the 
cognitive role of models. Literary fiction does not provide a shortcut to reasoning in the model, 
fiction is superfluous, and literary fiction is ultimately dispensable. 

The views of fictionalists obscure the cognitive function of models. Fictionalism largely 
exaggerates the similarities between models and literary fiction, while ignoring the differences 
between models and literary fiction works. It is through understanding how idealization's 
function in modeling is different from its function in fiction, that we can effectively gain insight 
into the cognitive function of the model. The fact that the scientific model related to the "real" 
world seems to be fictitious—that is, it does not fit any real system exactly—does not authorize 
us to treat the overall model as a fictional work, because it does not function as a literary fiction 
And other fictional works. Scientists have no intention of proposing fiction, nor do they think 
that the model is fictitious. On the contrary, they provide the model as a tool. At the same time, 
the model fictional theory proposed by Frige et al. did not return to the main problem: how to 
use models to better understand the real world. 

5. Conclusion 

Scientists introduce models to better explain the world and solve problems, while philosophers 
study scientific models to clarify the working systems of scientific models. By analyzing the 
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development of climate models for decades, climate models have evolved from simple models 
to complex models with millions of lines of code. Climatologists continue to improve and add 
climate model codes based on previous studies. With it developing inheritably and dynamically, 
it simulates the global climate system more indeed, and the ability to simulate global climate is 
also continuously enhanced. The climate model produced by scientific practice is not fictitious 
like "fiction", and it is unnecessary to overemphasize the understanding of scientific models as 
"real" or "fiction" literally. The fictional view of models highlights the important role of 
imagination in scientific models.  
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