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1. Introduction  

We are concerned here with the nature of scientific process and methodlogy; 
and in particular with the role of models and metaphors therein. We 
consider three tools of scientific methodology, namely thought experiments, 
simulations, and field experiments, and examine to what extent they provide 
us with an epistemic access to reality. We argue that an open-ended 
interaction with the environment is necessary for generating any epistemic 
information, and only field experiments can provide that. However, we 
distinguish cognitive value from epistemic value, and argue that even 
though thought experiments may not provide us with epistemic information, 
they may have a significant cognitive value for an agent by providing them 
alternative ways to construe a situation or phenomenon. We articulate a 
gestalt-projection view of cognition to explain how any interaction with the 
environment is necessarily mediated by the models and metaphors of the 
cognitive agent. Taking this point of view, we argue that a change of models 
and metaphors can generate new ideas and hypotheses, including creative 
insights, which provide new ways to interact with the environment, thereby 
increasing our epistemic access to reality. 
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2. Epistemic status of thought experiments 

We begin by considering thought experiments, which perhaps make the 
weakest epistemic claims. Nonetheless, thought experiments are recognized 
to play a key role in the history and philosophy of science. In philosophy 
there are numerous examples where a groundbreaking insight was generated 
by a thought experiment. Gettier (1963) destroyed the age-old notion that 
knowledge is equivalent to justified true belief with a simple thought 
experiment. Kripke (1980) reinstated the direct reference theory by means 
of some well-articulated thought experiments and questioned the idea that a 
name stands for a set of descriptions. 

In science also, it is sometimes argued that a thought experiment can 
settle an issue without any physical experiment (Brown 1986, 1991, 2000; 
Moui et al. 2006; Sorenson 1992). The most celebrated case may well be 
that of Galileo (1638), when he argued with a thought experiment that 
Aristotle’s premise that heavier bodies fall faster than lighter bodies is 
contradictory. Legend has it that he demonstrated this by dropping a cannon 
ball and a musket ball from the leaning tower of Pisa, though this account is 
disputed. What is more relevant for the discussion here is that Galileo 
argued that the Aristotelean premise is contradictory, leading us to logically 
accept the conclusion that all bodies fall at the same rate regardless of their 
weight. Indeed, this is considered to be a well-accepted argument in 
scientific community and is often cited as a prime example of how natural 
laws can be logically deduced in an armchair without necessarily resorting 
to active experimentation (Brown 2000; Guthery 2008; Sorenson 1992): it 
tops the list of Best thought experiments compiled by Lorge (2007). 

We start this discussion with a critical examination of Galileo’s 
argument. As the conclusion of this thought experiment, namely that all 
bodies fall at the same rate, regardless of their weight, is correct, most 
people do not examine the structure of the argument critically. Nonetheless, 
Casper (1977), Norton (1996), Gendler (1998), Atkinson (2003), Atkinson 
& Peijnenburg (2004), and Norton & Roberts (2012) have analyzed 
Galileo’s argument in detail to reveal many serious structural flaws in it. We 
add to this discussion by showing why one cannot logically deduce that all 
bodies fall at the same rate. Based on this discussion, and supplemented by a 
few other examples, we comment on a general epistemic limitation of 
thought experiments: namely, that they reveal flaws of our models and 
explanatory systems, but do not necessarily imply whether a situation can or 
cannot exist in reality. 
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2.1. A critique of Galileo’s thought experiment 

Here is one version of Galileo’s thought experiment (Van Helden 1995), the 
objective of which is to refute Aristotle’s premise that heavier objects fall 
faster than lighter objects. 

Imagine two objects, one light and one heavier than the other one, are connected 
to each other by a string. Drop this system of objects from the top of a tower. If 
we assume heavier objects do indeed fall faster than lighter ones (and 
conversely, lighter objects fall slower), the string will soon pull taut as the lighter 
object retards the fall of the heavier object. But the system considered as a whole 
is heavier than the heavy object alone, and therefore should fall faster. This 
contradiction leads one to conclude the assumption is false. 

There have been slightly different ways of presenting it. For example, 
sometimes it is pointed out that when the string gets taut, is the lighter 
object pulling the heavier object thereby slowing it down, or is the heavier 
object pulling the lighter object thereby speeding it up? These two ways of 
considering the situation lead to opposite conclusions, and hence a 
contradiction. Notice that the contradiction implies that it is a logical 
necessity that all objects fall at the same rate, and it is not a matter of 
empirical determination. 

We would like to argue here that there is no logical necessity about the 
law of falling bodies. First of all, in the light of Newtonian mechanics, let us 
see why bodies of different mass fall at the same rate. If Earth’s mass is M, 
then the force acting on a body of mass m is (Mm / R2), where R is the 
Earth’s radius (neglecting the height above the Earth’s surface from where 
the body is released). However, given a force, acceleration is inversely 
proportional to mass, so the acceleration of the body is (Mm / mR2) = (M / 
R2). This is a constant with respect of m, hence the mass of the body has no 
effect on its acceleration and, therefore, on the speed with which it falls. 
However, there is no logical necessity about this. If the nature were 
configured by slightly different laws, then it is quite conceivable that bodies 
of different mass could fall at different speeds. In other words, we cannot 
conclude from the thought experiment that the acceleration of a falling body 
is (M / R2), and is independent of m. Thus, this thought experiment belongs 
to Gettier’s (1963) class of arguments, where the conclusion is correct but 
the argument (or the justification) is not. 

One simple way to illustrate that bodies of different mass could fall at 
different speeds is to consider fall in a viscous medium like honey. If two 
bodies of different mass (and consequently of different sizes) are dropped in 
a vat of honey, they will fall at different rates, which can be empirically 



 
 
 
 
 
 
64  Reasoning, Metaphor and Science 

 
 
 
 
 

 

determined. However, Galileo’s argument would lead us to conclude that 
they must fall at the same rate, because there is nothing in the logical 
structure of the argument to account for viscous drag (See Atkinson & 
Peijnenburg (2004) for an analysis of this situation). So the contradiction 
that is arrived at by applying Galileo’s argument to falling bodies in a 
viscous medium merely shows the limitation of our explanations, but does 
not constrain reality to be this way or that way. 

If we examine the original dialogue written by Galileo, he did consider 
other parameters like the density of the falling objects, and the density of the 
medium (air or water). He explicitly claims that his arguments show “that a 
heavier body does not move more rapidly than a lighter one provided both 
bodies are of the same material” (Galileo 1638: tr. 107, emphasis added). 
However, we can do the same thought experiment by tying two bodies of 
different materials and argue that bodies of different materials move at the 
same rate. Of course, the conclusion is correct, but the point is that Galileo 
seemed to be intuitively aware that there might be other factors that 
determine the rate at which objects fall, though he did not realize that 
because density of the object does not play any role in the argument 
structure, it easily generalizes across objects of different densities. 
Conversely, if it is conceivable that two bodies of different material tied 
together can fall at a rate that is consistent with their distinct individual rates 
of fall, then the same formula can be applied to two bodies of different mass 
but the same material. All these situations can be experimentally tried out, 
but the mere idea of tying two bodies together, and considering how they 
might fall does not logically force us to accept that each must fall at the 
same rate. 

To emphasize again, the conclusion of Galileo’s thought experiment is 
correct, and it is only the argument structure that we are questioning. 
Galileo appeals to not only logic, but also our experiences in order to be 
persuasive: 

[I]f you tie the hemp to the stone and allow them to fall freely from some height, 
do you believe that the hemp will press down upon the stone and thus accelerate 
its motion or do you think the motion will be retarded by a partial upward 
pressure? One always feels the pressure upon his shoulders when he prevents the 
motion of a load resting on him; but if one descends just as rapidly as the load 
would fall how can it gravitate or press upon him? Do you not see that this 
would be the same as trying to strike a man with a lance when he is running 
away from you with a speed which is equal to, or even greater, than that with 
which you are following him? (Galileo, 1638: tr. 108). 
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Notice here that the analogy with pursuing a fleeing soldier appeals to 
our experience, and, moreover, it is not a free-fall situation for both the 
fleeing soldier and the pursuing soldier are propelling themselves with 
force. The main point of bringing this analogy is to argue that if two bodies 
are moving at the same rate, then one does not have to push or pull the 
other. However, ‘pushing’ and ‘pulling’ are metaphorical, model-based 
constructs that help our understanding of the situation (Lakoff & Johnson 
1980). But if we cannot come up with a plausible explanation for a situation, 
it reveals the limitation of our conceptual model and understanding, and 
does not necessarily imply that the situation cannot exist. (To be fair, we 
should consider Galileo’s thought experiments in the historical context in 
which they were put forth, considering the scientific methodology of that 
time. One such analysis is presented in Camilleri (2015). But in this paper 
we are examining Galileo’s arguments in the modern context to help us 
understand the role and limitations of thought experiments). 

2.2. Limitations of thought experiments 

The analysis of Galileo’s thought experiment presented above illustrates that 
a thought experiment essentially sets up a situation in terms of existing 
concepts, and reasons about it using the accepted models. If a contradiction 
is revealed, it could well be because of the flaw or inadequacy of the 
accepted models. A contradiction through a thought experiment does not 
necessarily mean that the situation or the phenomenon does not exist or is 
not possible. 

A classic example of how our inability to provide an explanation for a 
phenomenon does not rule out the phenomenon itself is provided by the 
well-known Zeno’s paradox (Brown, 2011: 252-58). In one of Zeno’s 
thought experiments, it is argued how Achilles, who allows a head start of, 
say, 100 meters to the tortoise, will never be able to catch up with the 
tortoise no matter how fast he runs. The argument is structured as follows. 
In order to catch up with the tortoise, Achilles has to first cover 100 meters 
to get to the starting point of the tortoise. However, during this time, the 
tortoise would have covered some further distance and would be at another 
point. So now Achilles has to reach this other point, which will take some 
finite time. But during this time, the tortoise would move a bit further and 
would be at yet another point. As this process can be repeated ad infinitum, 
with the tortoise always ahead of Achilles, it follows that Achilles can never 
catch up with the tortoise. 
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Much has been written about this paradox (Lynds 2003; Morris 1997; 
Salmon 1970). In a simple way, with our current mathematical knowledge, 
we can say that what the argument does is to point out that there are infinite 
steps required before Achilles can catch up with the tortoise, so that we 
never finish them. But each step is of a smaller duration than the previous 
one, and now we know that the resulting infinite series has a finite sum. So 
even though this particular way of explaining or modelling the problem 
portrayed by Zeno leads to infinite steps, it does not necessarily follow that 
the process in reality would never end. In other words, the paradox is only 
seen in terms of the model or the explanation of the phenomenon, but does 
not invalidate the phenomenon itself.  

To reinforce this point further, consider Schrödinger’s (1935) famous 
cat paradox. He used the thought experiment of a cat trapped in a cage with 
a decaying atom, which is in a probabilistic state according to the quantum 
theory, and a mechanism to release poison if the atom decay is detected. 
Though at the quantum level, the decay of the atom can be a probabilistic 
event — it decays with some probability and does not decay with the 
remaining probability — at the macro level, either the decay is detected and 
the cat dies, or it is not detected and the cat lives, but it cannot be both. In 
other words, the cat cannot be alive with some probability and not alive with 
the remaining probability. However, this apparent paradox or contradiction 
does not invalidate any of the numerous experimental findings of quantum 
mechanics. One does not say (and neither did Schrödinger): Aha, I construc-
ted this neat contradiction in the quantum theory, therefore quantum phe-
nomena cannot exist. On the contrary, a scientist respects the experimental 
findings and continues in the quest for a suitable model and an explanation. 
For example, the multiverse theory (Deutsch 1997; Hawking & Mlodinow 
2010) provides one such model and explanation for Schrödinger’s paradox. 

To sum up, we see that thought experiments reveal gaps, flaws or 
inconsistencies in our models and explanatory systems. But these gaps, 
flaws and inconsistencies, because they are embedded in our conceptual 
systems, do not necessarily rule out or invalidate a real-world situation or 
phenomenon. (See also Häggqvist 2007, 2009; Zeimbekis 2011). It is also in 
this sense that Norton (2004a; 2004b) has claimed that thought experiments 
are essentially arguments: they amount to inferences based on the 
assumptions underlying the accepted theories and models. 
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3. Epistemic status of (computer) simulations 

We now turn to an examination of the role of simulations in generating 
epistemic knowledge. In recent years, as computer technology has become 
more and more powerful, computational models have proliferated various 
physical and social sciences. These models are implemented as computer 
simulations, which can be run as ‘experiments’. Among the philosophers of 
science, there has been much discussion on the epistemic value of results 
obtained via simulations, and how they differ from the results of field 
experiments (Barberousse et al. 2009; Frigg & Reiss 2009; Giere 2009; 
Morrison 2009; Simpson 2006; Winsberg 2009). For example, Barberousse 
et al. (2009) argue that “computer simulations, although they are basically 
computations and do not involve any measurement interactions, neverthe-
less do generate new data about empirical systems, just as field experiments 
do” (Barberousse et al., 2009: 573). Gierre, on the other hand, claims that 

calling computer experiments, ‘experiments’, thus suggests that running a 
simulation somehow provides a basis for evaluating the representational 
adequacy of the simulation models involved when it does not. This is dangerous 
in that it can mislead consumers of simulation results (and maybe even some 
practitioners) into thinking that their simulation models are epistemologically 
better founded than they in fact are (Gierre 2009: 62). 

Let us elaborate on how simulations typically work. Generally, a 
simulation of a physical, natural, or social phenomenon assumes a formal or 
mathematical model of the phenomenon. In the model, certain observable 
parameters of the phenomenon are identified and represented, and 
relationships (causal and otherwise) between these parameters are posited or 
hypothesized. These relationships are then programmed on a computer; or 
implemented in a physical system such as a wind tunnel. Given some initial 
states of the parameters, when the program is executed, or the physical 
system is activated, subsequent states of the phenomenon are outputted, or 
can be observed, as per the posited relationships. 

Now the crucial question is whether these outputs or observations are to 
be considered as experimental data or as predictions. To appreciate the 
difference, let us consider the example of road traffic simulation. The city 
administration is considering how to set the timings of traffic lights at 
certain intersections. They collected some empirical data on traffic density 
(by sampling), and based on it, they created a traffic simulator. Cars appear 
randomly in the simulator with a density that matches the empirical sample. 
They test two settings of traffic lights in this simulator, and find that one of 



 
 
 
 
 
 
68  Reasoning, Metaphor and Science 

 
 
 
 
 

 

them results in traffic jams at rush hours. Is this an empirical observation, or 
is it a prediction? 

To contrast this situation with a field test, suppose the city 
administration decides to do a trial run to compare the two settings. On 
Tuesday, they implement one setting and collect data on the traffic flow. On 
Thursday, they implement the other setting and observe the traffic density. 
What is the difference between these observations, and the ones derived 
from the simulator as described above? 

Notice that in the case of the simulator, once the parameters of the 
traffic-generator module are set, it works according to the mathematical 
principles, or the theory of probability density functions. So the pattern of 
traffic it generates is like an inference based on the parameter values and the 
underlying theory. Therefore, the result we get as to the effectiveness of the 
traffic-light timings is also a prediction based on the assumptions about the 
traffic density pattern. 

To appreciate how this is different from a field test, notice that in a field 
test a number of external factors can have an influence on the observations. 
Suppose Thursday happened to be a holiday, so the traffic pattern turned out 
to be different. One can argue that this can be built into the simulator. But 
then what if there happened to be a traffic accident on Tuesday, which 
greatly affected the traffic pattern. The city administration may then decide 
to discard this data as an anomaly, and collect data on another day the 
following week. The point is that a field test is like an open system, where 
the environment can affect the observations in a myriad of ways, revealing 
parameters that were not considered at all in the design of the experiment or 
the survey. But a simulation is a closed system, where anything that is 
observed derives directly (and completely) from the assumptions and the 
theoretical or mathematical framework underlying the simulator. Having 
some random-number generator in the simulator does not make it open-
ended because any random variables are also part of the theoretical 
framework. (See also Beisbart & Norton 2012 for more detailed arguments 
along similar lines using the example of Monte Carlo simulations). 

These arguments can also be extended to physical (non-computer) 
simulations. Consider, for instance, wind tunnels. These are based on 
verified and tested theories of fluid dynamics. Let us say you are making 
some modifications to the design of a drone you bought recently. You can 
use a wind tunnel to get empirical data on how your design will perform. 
However, the validity of the generated data crucially depends on the validity 
of the theories on which the simulator is based and the correctness of any 
underlying assumptions. What the wind tunnel generates is a prediction that 
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must be empirically tested. As engineers well know, a design that has been 
comprehensively tested on a simulator still needs to be field-tested to be 
deemed workable. (See also Stojanov 1994). 

Thus, a simulation is essential an implementation of a theory. 
Sometimes, the goal of the simulation is to verify the correctness of the 
theory or the model that is being simulated. In all such cases, the predictions 
derived from the simulation are matched against the empirical observations. 
If a mismatch is detected, then the model or the theory underlying the 
simulation is considered to be incorrect (after verifying that there were no 
implementation errors) and in need of revision. In all such situations, a 
simulation generates no epistemic value in itself, for the epistemic value is 
in matching the prediction against empirical observation. Therefore, there is 
nothing special about simulations, for this is how normal science proceeds. 
(See also Frigg & Reiss 2009). What simulations do is to make it possible to 
generate theory-based or model-based predictions that are very difficult, if 
not impossible, to generate otherwise. So, in this way, simulations are 
essentially tools for testing implications of a theory in order to verify or 
falsify it. 

A somewhat different, and perhaps more pervasive, use of simulations 
occurs when a physical device, mechanism or a computer program is 
created according to certain principle, and the simulation is actuated to find 
out the effect of the principle. A simple example illustrates this use of 
simulation. A gear train with a reduction ratio of 1:7 is constructed to 
implement the operation of ‘multiply- by-7’. In this mechanism, if the speed 
of the slower gear is interpreted as N, then the speed of the faster gear 
would correspond to 7*N. Such simulations seem to generate an empirical 
value: if you did not know what 43*7 is, you could run the simulation and 
find out. 

The traffic simulator example presented above can also be used in this 
fashion. So, for instance, by running the simulator, one can discover that a 
certain timing pattern of traffic signals results in backed-up roads, thereby 
causing increased traffic in adjacent residential roads. This seems to be an 
empirical observation. However, this ‘observation’ derives from the 
assumptions of traffic density, and how individual drivers act when 
confronted with congested roads. If the situation were to be implemented in 
reality, a number of other factors, not represented in the simulation, can 
affect the outcome: it might be raining heavily, causing some streets to 
flood; there may be a big wedding reception at some place, causing a lot of 
traffic to head in that direction; and so on. 
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In all such uses of simulations, parameters of the physical phenomenon 
or the theory are represented as physical quantities (or variables in a 
computer program) and actions or transformations correspond to the 
physical processes (or operations on the variables of the program). After the 
simulation is run, we observe the state of the parameters (physical quantities 
or variables) in the simulator, and interpret them as the state of the physical 
phenomenon (or theoretical variables) being simulated. These observations, 
however, carry epistemic value only as long as the underlying assumptions 
of the theory, and the correspondences between the physical phenomenon 
and the simulator processes are valid. In this regard, a simulation is not any 
different from a thought experiment. 

Generally speaking, the difference between these two uses of 
simulations is that in the first situation, the natural phenomenon being 
modelled is not fully understood, and so the goal is to improve the model so 
as to be able to fit the phenomenon more accurately. Extensive experiment-
ation coupled with making minor or major adjustments in the theory/model 
are typically used to accomplish this objective. In the second situation, on 
the other hand, the physical phenomena that are made to correspond to 
theoretical parameters are well understood, so we accept the results of the 
simulation as if they were empirical observations. Typically, in these 
situations, the theories are rather complex and it is difficult to figure out the 
consequences of theoretical operations, hence simulations are used to assist 
with this task. (See also the discussion in Indurkhya 2003. These two uses of 
simulations correspond to environment-driven models and theory-driven 
models in there). 

4. Field experiments 

We already made some remarks above as to how field experiments are open 
systems, whereas thought experiments and simulations are closed systems. 
Let us elaborate on this some more here. Consider the case of falling bodies. 
If Galileo were to actually drop two bodies of different weights from the 
leaning tower of Pisa, as the legend has it, a number of different things 
might have happened. Perhaps a strange magnetic field or mysterious air 
drafts affect one of the bodies and not the other. If the bodies were 
connected by a string, perhaps some not-yet-known force is generated when 
the string becomes taut resulting in an explosion. There are a horde of 
imaginable and unimaginable possibilities. When any of these possibilities 
are actually observed, the scientists have to come up with a better theory or 
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model to explain its occurrence. That the actual observation is deemed 
impossible from our existing theory or model is no excuse to deny the 
phenomenon — though one can certainly be cautious and would want to 
reconfirm the observation if it seems to go against the accepted theories. 

We can offer two case histories to illustrate this point. One is the 
prehistory of heavier-than-air flight (Hart 1985). Before Wright brothers’ 
successful demonstration of heavier-than-air flight in 1903, several attempts 
were made with internally consistent theories, based on observations of the 
flights of the birds and numerous experiments, but they failed utterly to take 
off. As any scientist or engineer well knows, real world has a mind of its 
own and does not care for the internal consistency or compelling logic of 
our theories, or for the dedication and hard work which we may have 
invested in them. It should also be added here that in this pre-Kitty Hawk 
period, several arguments were advanced to prove that heavier-than-air 
flight was logically impossible — one such argument is often attributed to 
the celebrated physicist and engineer Lord Kelvin. Such examples illustrate 
that scientific knowledge and engineering development is not constrained or 
confined by the logical implications of our current knowledge and 
theoretical frameworks. 

Another set of examples to illustrate this point is provided by the 
history of various attempts at designing perpetual motion machines (Ord-
Hume 2006). Even though the very idea of a perpetual motion machine goes 
against the second law of thermodynamics, a well-established and compre-
hensively-tested cornerstone of our existing knowledge of physics, it has not 
prevented many bright and talented scientists and engineers from trying to 
design and build such a machine, and in the process have discovered other 
useful principles of physics. 

To sum up this discussion, when we interact directly with the 
environment, as in a field experiment, the reality can react in unforeseen 
ways because it is not bound by the limits of our conceptual knowledge, or 
by our theories and models. The true epistemic value of an experiment lies 
in contemplating such observations and results, and incorporating them into 
our theories and models. (See also Giere 2009). 

5. Models, reality and model-dependent realism 

We can now take a step back and incorporate epistemic roles of all three 
methodologies — thought experiments, simulations and field experiments 
— into an integrated framework of scientific process. We start with the 
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view, which is now generally accepted in the philosophy of science, that a 
scientific theory is a model of the real-world, and in that sense it is an 
approximation that captures some aspect of the real-world (Kuhn 1962; 
Rentetzi 2005). So, in this view, Newton’s theory of gravity, Einstein’s 
general theory of relativity, theory of plate tectonics, the polygon model of 
surface used in deformation analysis, etc. are all considered as models of 
reality. 

Next we use the gestalt-projection framework (Indurkhya 2006) to 
explain the interaction between theories and the environment. The 
framework was developed to explain the action-perception cycle and the 
role of metaphors therein, but it can also account for how experiments 
mediate interaction with the environment and generate epistemic 
information. We illustrate this in Figures 5.1 and 5.2, where the theory-
experiment terminology is superimposed on the original gestalt-environment 
interaction schematic. 

In Figures 5.1 and 5.2, theories are like gestalts, which are structured 
network of concepts that interrelate a set of parameters into organized 
wholes. A theory carves out, or parameterizes, certain aspects of the 
environment, in terms of which an experiment can be conceived. (See also 
Peschard 2011). Conducting an experiment is equivalent to taking an action 
in the environment. In yielding the result of an experiment, the environment 
asserts its autonomy, and therein lies the realism or objectivity. As the 
results of an experiment can be quite surprising and unexpected, it provides 
new information to the scientist (cognitive agent), and therein lies the 
epistemic value of an experiment. 

Notice that this view implies a model-dependent objectivity or realism. 
When an experiment is performed or an action is taken in the environment, 
the ontology of the action and the parameters of the experiment are based on 
the model, which is determined by the scientist or the cognitive agent, but 
the result of the action or experiment depends on the autonomous 
environment. One can say that it is in reacting to the action or experiment 
that the environment reveals its mind-independent nature, albeit in terms of 
the parameters that are dependent on the model and the cognitive agent. 
(See also Hawking & Mlodinow 2010, Chap. 3).  

In this framework, thought experiments correspond to within-model 
reasoning; essentially a simulation within a framework of model-based 
assumptions. It may be largely conceptual but may also involve perceptual 
components and imagistic simulation (Barsalou 1999). Nonetheless, it 
remains completely within the theoretical framework. In this respect, the 
conclusion derived from a thought experiment may be valid as long as the 
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theoretical framework remains valid. But because we cannot determine the 
validity of a theoretical framework a priori, the conclusion of a thought 
experiment are only tentative, and need to be verified. How far a theory 
correctly and accurately represents the real-world is something that requires 
extensive experimentation and verification by the scientific community. 
Though logical contradictions are to be avoided in any theory, for it severely 
undermines the explanatory power of the theory, a contradiction within a 
theory does not invalidate a real-world phenomenon, as we have 
demonstrated above with some examples. On the other hand, though 
internal consistency is a necessary prerequisite for any theory, consistency 
alone does not validate a theory. 

Fig. 5.1 Action perception cycle as seen from the cognitive agent’s point of view 
(without requiring God’s eye view.) Adapted from Indurkhya (2006) 

Similar arguments can be applied to simulations, even though they are 
realized in the environment. A simulation by itself is not the object of 
interaction, but it is a proxy for generating inferences based on a theoretical 
framework. 

To sum up, a conclusion derived solely from a thought experiment or a 
simulation is valid as long as it stays within the well-charted and well-
understood realm of scientific knowledge so that no epistemic justification 
is needed. However, if it ventures out of this familiar territory into the 
unknown, then its epistemic status becomes dubious. It may or may not be 
correct. The existing conceptual framework, on which the argument from 
the thought experiment is based, may give it an aura of justification. But, in 
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the end, it is the reality that calls the shots, and, in this respect, thought 
experiments are no substitutes for field experiments performed in the real 
world. 

Fig. 5.2 Gestalt projection model (adapted from Indurkhya 2006) 

6. Cognitive value of thought experiments (and simulations) 

In all our discussion so far, we have been focusing on the epistemic value, 
by which we mean new information about the environment. However, there 
is another dimension to the role of thought experiments and simulations, 
which concerns cognitive value. (There are also several cognitive aspects of 
Galileo’s thought experiments that we did not discuss here; see for instance 
Palmieri 2003). Perhaps the best way to understand the distinction between 
these two dimension is to consider a mathematical theorem like the 
Pythagorus Theorem. 

The Pythagorus Theorem states a relationship between the sides of a 
right-angled triangle. The proof of the theorem establishes that this 
relationship is grounded in the definition of a right-angled triangle and 
operations like squaring and summing. So one could claim that the 
information about this relationship is implicit in the concept of a right-
angled triangle, and the discovery of this relationship (proof of the theorem) 
does not have any epistemic value. 
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However, we could also look at it from a cognitive point of view, and 
see that the discovery of this relationship clearly reveals something new to 
the cognitive agent, and thereby has some cognitive value. In coming up 
with the proof of a theorem, the cognitive agent learns a new relationship 
among existing mathematical objects. In a similar way, thought experiments 
and simulations can carry cognitive value by revealing new connections, 
new associations and new relationships among existing concepts, which 
may have a deep significance for the cognitive agent. (See also Irvine 1991). 

We would like to discuss here three aspects of this cognitive value of 
thought experiments. The first one concerns their educational role. Thought 
experiments can be very helpful in classroom teaching, as they explore the 
conceptual framework in different situations (Gilbert 2000; Stephens & 
Clement 2010). It should perhaps be pointed out that most of the thought 
experiments discussed in the literature are such that the conclusions are 
known to be correct independently of the underlying thought experiment. So 
the thought experiment provides a post-hoc justification or explanation for 
the conclusion that is already accepted by the scientific community. 
However, there is cognitive value in this as the thought experiment helps us 
to see how a situation or a phenomenon can be understood through different 
models or explanatory systems. Research has shown that people tend to 
understand a phenomenon and reason about it more effectively if it is 
presented as a concrete situation or a realistic story, and in this respect 
thought experiment can be very valuable. 

Another cognitive aspect of thought experiments is their rhetorical role 
in persuading the reader of a certain point of view. In scientific discourse, it 
is not just the correctness of the conclusion that matters, but also the model 
or the argument used to justify it. An illustrative example is provided by the 
debate concerning the nature of vacuum when Robert Boyle experimented 
with his air-pump (Shapin & Schaffer 1985/2011). This concerned the 
nature of Torricellian space: the space that appears at the top of the mercury 
column when a glass tube filled with mercury is inverted into a tub filled 
with mercury. Boyle put the Torricelli’s apparatus in his pump, and when he 
sucked out the air (which was disputed by Hobbes), the mercury level 
dropped. The explanation that there was a vacuum, or lack of air, at the top 
of the mercury column was hotly disputed by many celebrated scientists and 
philosophers of that time. Linus, for instance, argued that because one could 
see through the Torricellian space, it could not be vacuum, for he considered 
vacuum to be something through which no visible species could travel. 
Another argument he advanced was based on the observation that if you 
conduct Torricelli’s experiment by taking a tube that is open at both ends, 



 
 
 
 
 
 
76  Reasoning, Metaphor and Science 

 
 
 
 
 

 

using your finger to close one end, and then inverting the tube in a tub of 
mercury, then you can feel a suction force on your finger. If the air is 
pushing the mercury column up, as Boyle claimed, one should feel an 
upward pressure, Linus argued. He posited an invisible, thread-like 
substance he called funiculus to explain the experimental observations. 
Thought experiments play a major role providing a rhetorical basis for such 
arguments. (See also Fahnestock 1999, 2011; Moss 1993; Moss & Wallace 
2003).  

A third way in which thought experiments can have a significant 
cognitive impact has to do with their role as a gestalt-switching device, 
which we discuss in the following section. 

7. Thought experiments and the heuristic force of metaphor 

Thought experiments can be very useful to consider a situation from a 
different perspective, stimulate discussion, and suggest experiments. 
Searle’s (1980) famous Chinese room thought experiment has sparked much 
lively discussion about the nature of understanding, intentionality and con-
sciousness, which is still continuing. We can consider the well-known 
example of a fly flying to and fro between two trains that are racing towards 
each other. The problem is to figure out the distance travelled by the fly 
until the trains crash. This problem can be solved by obtaining the sum of a 
convergent infinite series; or simply by figuring out the time it would take 
for the trains to crash and multiplying it with the speed of the fly. Similarly, 
there is the problem of covering a mutilated checkerboard, of which two 
opposing corners have been removed, by 2x1 tiles. If you think of the 
checkerboard as a plain white grid, you might spend much time trying 
different ways to cover it until giving up in frustration. However, if you 
think of the checkerboard in the usual alternate-black-and-white-squares 
pattern, you will quickly realize that this cannot be done, and will come up 
with an argument or ‘proof’ why this cannot be done. In all such examples, 
thought experiments that make us see the situation in alternate ways can be 
very effective in solving the problem. 

This role of thought experiments is closely linked to how metaphors (or 
gestalts) provide us with a perspective on the problem (or a part of reality), 
as explained above in Section 5. As whatever perspective we take dominates 
how we perceive the situation, and what possible actions (experiments) we 
consider, sometimes a change of metaphor can be instrumental in solving a 
problem, or sprouting a new theoretical framework. 
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Indeed, the crucial role of metaphor in science has long been 
acknowledged (Black 1962; Boyd 1979; Hesse 1966, 1974, 1980; Hoffman 
1980; Indurkhya 1992, 2007; Jones 1982; Kuhn 1979; Rothbart 1984; 
Turbayne 1962). The metaphorical nature of any scientific theory means 
that the theory creates its own ontological representation of the reality, and a 
cognitive agent believing in a theory experiences the reality in terms of the 
concepts and structure of that theory. This is in keeping with the gestalt-
projection framework outlined above, but let us elaborate it a bit further to 
distinguish it from what I refer to as the traditional view. Consider gravity. 
In the traditional view of science, gravity is a part of reality, independently 
of any theory. In this view, we say that Newton discovered gravity: for it 
was always there, but Newton found it and incorporated in a theoretical 
framework. In the metaphor view, however, gravity is a concept that is 
meaningful only within the framework of Newtonian theory. It may be 
meaningful in some other theories as well, but it is certainly not universal 
and theory-independent. For instance, in the framework of Einstein’s 
general relativity, we do not have any concept of gravity, but only space-
time curvature. The experience of falling bodies is explained through 
gravity in Newtonian framework, and through space-time curvature in the 
Einstein’s framework. 

Thus, in this view, every theory imposes its own ontology on reality 
and structures it in a certain way. However, whether that structure is 
actually respected by the reality is an empirical matter and is subject to 
objective verification. A theory may be partially correct; meaning that some 
space-time chunk of the reality may respect its structure. Epistemically 
speaking, we cannot know if a theory is completely correct because we 
simply do no have access to all of the space-time chunks so we cannot 
verify it. (This is essentially the problem of induction; see Indurkhya 1990). 
As Popper (1963) has shown, we can only refute a theory but cannot really 
prove it. 

But this view also implies that because our access to reality is only 
through our models and metaphors, our knowledge of reality is invariably 
partial. So a key question is how can we increase our access to reality and 
expand our epistemic access. 

One answer to this question is provided by Colin Turbayne (1962), who 
argued that viewing reality through different metaphors, or different models, 
increases our knowledge of reality, because taken together both the 
metaphors provide more information about the reality than either one alone. 
Lest this may seem somewhat abstract, consider that the particle theory and 
the wave theory of light taken together provide a more complete picture of 
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the nature of light, and can account for more experimental data than either 
theory alone. (See also Hawking & Mlodinow 2010). Needless to say, when 
we say two metaphors (or theories), we do not mean any arbitrary theories, 
but theories that have been extensively tested and verified. 

A corollary to this view is that in applying one metaphor (or model) to 
interpret data of another domain can sometimes lead to creative insights. 
Carnot’s use of fluid-flow model to interpret data of heat flow; Darwin’s use 
of tree imagery to interpret the data on how varieties of species come about; 
and Wegener’s use of the movement of icebergs to understand the data 
about the shapes of continental coastlines are three examples to illustrate 
this phenomenon. (See Indurkhya 2007 for more details.) 

There are also many interesting examples of how the use of a novel 
metaphor can be instrumental in creative problem solving. One such episode 
is recounted by Schön (1963: 74-76), where a product-development team 
came up with an innovative design for a synthetic-fibre paintbrush (in the 
1940s). The key insight came when a member of the team suggested the 
paintbrush might be viewed as a pump. Though initially this idea seemed 
‘crazy’, after it was assimilated, a new ontology for painting, and the role of 
paintbrush and its bristles therein, emerged. This new ontology was the key 
to figuring out how to design a synthetic-fibre paintbrush that performs 
comparable to a natural-fibre paintbrush. (See also Indurkhya 2007: 21-22). 

In this regard, thought experiments provide a crucial mechanism for 
construing one thing in terms of another, or for interpreting the data of one 
domain using the representation scheme (gestalt) of another domain. Notice 
that the act of metaphorical interpretation does not involve active 
experimentation, but is essentially a thought experiment. In construing 
paintbrush as a pump, the product-development team was basically doing a 
mental simulation. 

This example also reinforces the limits of thought experiments. The 
insight that was generated by considering paintbrush as a pump was that to 
obtain a smooth painted surface, it is necessary to have the fibres bend 
gradually away from the surface, as opposed to bending sharply. This 
insight needed to be experimentally verified. There were other suggestions 
as well, for instance that fibres should have split ends, like natural fibres do, 
but they did not result in an improved performance. Thus, it is the 
experimental verification that generated the epistemic value, but it was the 
thought experiment that led to the idea. (See also Gendler 2004, 2007). 

It is interesting to note here an observation made by Peijnenburg & 
Atkinson (2003, 2007). They pointed out that physical sciences, because 
they are generally awash in facts and data, are more in need of organizing 
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structures or gestalts. In other words, when there is a lot of data available, 
the problem facing a scientist is to organize and structure it in different 
ways. In this regard, thought experiments and metaphors can be very 
valuable. These organizations and reorganizations can yield insights into the 
nature of reality (which would need to be empirically verified) that would 
not otherwise be possible. 

8. Conclusions 

To sum up, we have argued that the only way a scientist (or cognitive agent) 
can generate epistemic value is by directly interacting with the domain of 
enquiry. Any mediated interaction, as in thought experiments or in 
simulations, is constrained by the validity of the mediating model or 
conceptual framework; for example, assumptions implicit in the thought 
experiments or the theoretical model that is the basis of the simulation. In 
other words, an inference based on a thought experiment or a simulation is 
valid as long as the underlying assumptions or framework is valid. 

We applied the gestalt-projection model to show how the model 
(theory) – environment interactions are mediated by experiments. In this 
framework, we articulated an account of model-based objectivity or model-
based realism in such a way that even though each perspective on reality 
experienced by a cognitive agent crucially depends on the conceptual 
models of the agent, within each model, reality asserts itself by revealing its 
structure with respect to that model in an autonomous way. To put is simply, 
a scientist can carve out the reality in somewhat arbitrary ways, and can 
decide which parameters are relevant and which ones are not, but when an 
experiment is performed, it is the autonomous reality that determines which 
parameters are inter-related and what measurements result. 

Finally, we argued that any perspective on reality is essentially 
metaphorical, and metaphors provide a cognitive mechanism to interact with 
the environment. Therefore, using multiple metaphors can generate more 
information, sometimes also creative insights, thereby leading to more 
refined theories and models. 
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