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Abstract
For various reasons, it has become common wisdom in science that there exists a 
principled epistemic distinction between direct and indirect observation. In this pa-
per, I present a twofold argument. First, I argue against such a principled epistemic 
distinction. Second, I highlight a pervasive incongruence between the methodologi-
cal and epistemological distinctions between direct and indirect observations. My 
arguments revolve around the idea that it is one thing to make a methodological 
distinction between observations and another to ascribe epistemic significance to 
them. I begin by unfolding the historical and philosophical foundations of the dis-
tinction, identifying three tenets that have served to sustain the distinction to the 
present day. I then provide a detailed analysis of two recent philosophical efforts to 
preserve the epistemic distinction in astrophysics and specific areas of astrophysics, 
ultimately suggesting that these approaches face significant challenges.

Keywords  Observation · Direct observation · Indirect observation · Inference · 
Empiricism · Perception

1  Introduction

Should direct observation always be deemed more reliable and trustworthy in sci-
ence? Should we always strive for direct observation if it is possible in science? 
If your intuition is that this should be the case, have you ever questioned the basis 
of this belief? For various reasons that will be elaborated upon in this paper, it has 
become common wisdom in science that there exists a principled epistemic dis-
tinction between direct and indirect observation. This has led scientists, on many 
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occasions, to attach the qualifier “direct” to certain observations to indicate that it is 
epistemically relevant rather than a mere reference to the method of the observation. 
For example, a number of prominent astrophysicists have discussed the existence of 
black holes in a roundtable in 1998. Almost all of them refer to the terms “direct” and 
“indirect” in relation to having conclusive evidence for the existence of black holes 
or not, respectively, without specifying why direct access is considered epistemically 
superior (Collmar et al., 1998).

In philosophy, not only various empiricists but also practice-oriented philosophers 
of science who extended the concept of observation to include imperceptible entities 
have continued to treat the distinction between direct and indirect observation as 
epistemically significant. I refer in particular to Shapere’s (1982) account of observa-
tion, in which he insists that we can observe the center of the Sun directly via neu-
trinos, since the neutrinos interacting with our receptors on Earth have most likely 
not been interfered with on their way from the center of the Sun. This is contrasted 
with, according to him, the observation of the center of the Sun via photons, since 
the photons coming from the center of the Sun encounter numerous interactions. 
As we shall see in more detail later, on the basis of this contrast, Shapere calls the 
non-interference construal non-inferential and the other inferential. Shapere’s dis-
tinction seems appropriate for astrophysical observations. According to his account, 
the observational process consists of three elements: an observed source, the observer 
(receptor), and a transmitter of information between the two.

On the same topic, Doboszewski and Lehmkuhl (2023), interpreting Hack-
ing (1989) and Eckart et al. (2017), indicate that because epistemic access to black 
holes is via indirect observation only, compared to direct observational access to most 
other astrophysical objects, the existence of black holes might be seen as “somehow 
less certain and less conclusive” (p. 232).

Perhaps Franklin (2017) was the first to explore this distinction historically. He 
applies Shapere’s distinction to historical cases and concludes that direct observa-
tion is not necessarily epistemically superior to indirect observation. Elder (2025) 
takes a more moderate position by examining the distinction between direct and indi-
rect observations when observing gravitational waves. Like Franklin, she explicitly 
abandons the ambitious principled epistemic distinction, but at the same time retains 
it in specific contexts such as gravitational wave observation, with the ambition of 
broadening its scope. In her epistemic distinction, Elder emphasizes the difference 
in the nature of justification in the measurement processes of direct and indirect 
gravitational wave observations. To delineate the structure of justification of each 
observation, she uses the criterion of “intervention” to determine what constitutes the 
measuring detector and what constitutes a separate source system. However, as we 
shall see in detail, Elder appears to oscillate between two criteria - intervention and 
model-independence - in order to sustain the distinction between direct and indirect 
observation. The criterion of “intervention” seems to play a primarily methodological 
role, whereas “model-independence” functions more clearly as an epistemic criterion. 
This divergence in their respective roles gives rise to a tension within the account.

In this paper, I defend two distinct but related claims, one more general and one 
more specific, namely: (A) for a principled distinction to be made on epistemological 
grounds, there is no set of epistemic standards that corresponds to at least a signifi-
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cant number of methodologically (in)direct observations. The epistemic significance 
is contextually determined, i.e. the (in)directness of the method of observation is not 
essential for the epistemic assessment. In addition to the reliability of the method, 
the epistemic evaluation of an observation depends on the reliability of the physical 
principles, theories and assumptions necessary for the inferences involved. Their reli-
ability is subject to a contextual assessment. (B) When one grounds the distinction 
on inferential versus non-inferential as an epistemic guide, there is a certain degree 
of incongruence between determining the inference-free domain and circumscribing 
the observing instrument or detector.

The paper, therefore, contributes to the literature in two dimensions: First, it 
extends the line of reasoning initiated by Franklin and Elder by examining the foun-
dations of the principled distinction, tracing its echoes in more recent accounts such 
as Shapere (1982), and offering systematic arguments against it. Second, it takes the 
debate to a new level by challenging the epistemic distinction between direct and 
indirect observation in its most contextualized form, as defended by Elder (2025).

The paper proceeds as follows: Section 2 provides a conceptual basis for explain-
ing what makes an observation direct or indirect. This will help us better understand 
the role of these qualifiers in scientific observations. Section 3 unfolds the historical 
and philosophical foundations of the distinction. Section 4 offers a series of system-
atically argued examples against the principled distinction based on sense perception, 
concluding that the traditional distinction is irrelevant to scientific observation. Sec-
tion 5 focuses on more recent attempts to preserve the epistemic distinction, namely 
those of Shapere (1982) and Elder (2025) in a general sense and in a restricted sense, 
respectively. These criteria are, respectively, interference versus non-interference and 
intervention versus non-intervention/model dependence versus model independence. 
In Section 6, I critically examine the criteria used by the practice-oriented philoso-
phers. Through a conceptual analysis that is supported by examples from practice, it 
is shown that these approaches face significant challenges. Some concluding remarks 
are given in Section 7.

2  The conceptual basis

In this section I shall try to lay the grounds for explaining what makes an observa-
tion direct or indirect. In the pursuit of knowledge about the natural world, human 
observers have historically relied on perception as the most primitive and immediate 
method of observing the phenomenon under study. That is, the sensory perception 
of the phenomenon itself (e.g., fire) was considered observation proper. Observing 
the traces or effects (the smoke) of the phenomenon, by contrast, was not considered 
observation but rather inference. Only by introducing other observational methods 
(such as telescopes) is it possible to use the qualifiers like “direct” and “indirect.” 
Note that one might intuitively think, based on a philosophical position, that seeing 
the smoke is surely an indirect observation of the fire, but the empiricist doctrine 
(which is considered to be the backbone of modern science) refuses to use the con-
cept of observation for such a case because it involves a causal inference. One might 
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therefore be tempted to think that in order to delineate which observations are direct 
or indirect, one must contrast different methods of observation.

Within scientific practice, however, theoretical, social, and political dynamics may 
lead to the use of the qualifier “direct” and “indirect.” When conflicting observations 
arise, scientists may use these qualifiers, not based on the observational methods, but 
as a rhetorical and strategic move to elevate certain observations as more authorita-
tive. This conflict can occur between scientists who work within competing para-
digms or theoretical frameworks.1

Therefore, the distinction between direct and indirect is either based on the obser-
vational method or the sociopolitical aspect of scientific practice. In the former case, 
for example, observations made with an optical telescope and with the naked eye 
might be called indirect and direct observations, respectively. In the latter, however, 
one can imagine that two contradictory observations might motivate a group of scien-
tists to call the one that confirms their theory direct and the other indirect.

The directness and the indirectness of a method is based on the characteristics of 
the method of observation itself in comparison with the characteristics of another 
method(s). Indeed, one can mention several methodological comparisons, such as 
perceptual versus non-perceptual, mediated versus unmediated, visual versus statisti-
cal, and so on.2 Each of these observational methods, alone or as a comparative pair, 
has a number of characteristics based on the physical mechanism by which the obser-
vation is made, its field of application and its definition. This gives rise to different 
notions of directness/indirectness in different fields of observational physics. This 
includes, but is not limited to, the extent to which the observed and the observer are 
physically proximal and distal to each other. This distance-based distinction should 
be sufficient to understand what is meant by methodological characteristics in our 
case, since the arguments presented in this paper will largely focus on astronomy and 
astrophysics.

That considered, an observation, to wit, is not direct because it is epistemically 
superior, but rather it is epistemically superior because it is direct. I take it to be a 
mistake to say that a method of observation is direct because, for example, it is reli-
able. It should be said, if that were really the case, that this method is reliable because 
it is direct. The epistemic dimension follows from the methodological distinction. If 
a direct observation is considered epistemically superior to an indirect observation, it 
should have to do with the method of observation.

Therefore, there are two distinct ways for differentiating between direct and indi-
rect observation:

Methodological: The distinction between direct and indirect observation arises 
from the two different approaches to observing a phenomenon (or two sets of 
phenomena), one of which is called direct and the other indirect, based on criteria 
such as physical proximity or the design of the observational/experimental setup. 

1 For a discussion of the role of non-epistemic factors and sociopolitical arguments for direct/indirect 
observations of gravitational waves, see Collins (2018).

2 Sometimes the information channel gives rise to different observational methods, such as electromag-
netic channel, gravitational wave channel and so on.
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Non-methodological: Practitioners within a given field label certain observations 
as direct, as opposed to others that are labeled indirect, for example, for social or 
political reasons.

If there is any epistemic relevance, it should arise only from the methodological 
one. This is because, in scientific observation, epistemic justification is tied to the 
reliability of the method of observation and the theories involved in its specific con-
text. Thus, the evidence is considered reliable in a given situation when the method 
is tested, calibrated, cross-checked, and validated. The justification of observational 
evidence should not be based on social and political factors, at least in principle, as 
they affect the objectivity of the evidence.3

This implies, first, that epistemic relevance, by definition, cannot arise from the 
non-methodological approach. Second, there is no independent epistemic category of 
direct-indirect distinction. Thus, if one wants to deflate the general (principled) epis-
temic distinction between direct and indirect observation, as I do, one has to show 
that the methodological distinctions do not allow for strict epistemic distinctions. In 
other words, calling an observational method “direct” rather than “indirect” does not 
imply that the former is epistemically superior to the latter.4 A further step is needed 
to explicate why the direct method is epistemically superior. This additional step 
should provide a clear and non-arbitrary correspondence between the methodologi-
cal and epistemological differences. Without it, we will fall into epistemic relativism. 
One needs to identify a non-arbitrary set of epistemic criteria or modes of justifica-
tion that consistently appear in (or can be reliably related to) the characteristics of 
those methods which are considered direct. One way to think about this would be, 
for example, that direct methods of observation categorically rely on fewer sets of 
assumptions or inferences, and this generally results in more reliable observational 
outcomes. If this is not possible, as it appears to be the case, the alternative is to 
create a correspondence between direct methods and epistemic superiority based on 
arbitrary and non-objective criteria.

Having established what makes an observation direct or indirect, the subsequent 
section will proceed to delineate the historical and philosophical underpinnings that 
form the basis for a principled epistemic distinction between direct and indirect 
observation, with a foundation rooted in sense perception.

3  Revisiting empiricism

There is a line of empiricism whose roots are ancient, but can be clearly traced back 
to British empiricism and reappeared under new guises through logical positivism 
to constructive empiricism (van Fraassen, 1980). The main epistemological goal, 
according to this line of empiricism, in maintaining sense perception in the process 

3 I am grateful to reviewer one for bringing this point to my attention for clarification.
4 The claim does not exclude the possibility that one methodologically direct observation is epistemically 
superior to another methodologically indirect observation. It merely asserts that the epistemological dif-
ference does not follow from the methodological difference.
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of observation has to do with the confidence that individual observers place on their 
perceptually gathered data. This implies, broadly construed, “direct” sensual contact, 
especially seeing, with the observed object is a necessary condition for an epistemi-
cally reliable observation.

It is important to note that the empiricist view derives from the principled distinc-
tion between the observable and the unobservable which is based on human sensory 
perception. According to this view, it is epistemically and ontologically privileged in 
a principled way to believe in the observable phenomena and not to believe in the 
unobservable phenomena because they are considered speculative. It should be men-
tioned that van Fraassen’s position is relatively different, and therefore his attitude 
toward direct and indirect observation is correspondingly different. The literature on 
the distinction between observables and unobservables is enormous (van Fraassen, 
1980, 2001; Muller and van Fraassen, 2008; Musgrave, 1982; Friedman, 1982; Foss, 
1984; Creath, 1985; Ladyman, 2000; Fine, 2001; Teller, 2001; Muller et al., 2005). 
However, some clarification of the relationship of this distinction to direct and indi-
rect observation is in order. This will help us to understand van Fraassen’s position 
more clearly.

van Fraassen explicitly claims that:

We can detect the presence of things and the occurrence of events by means 
of instruments. But in my book that does not generally count as observation. 
Observation is perception, and perception is something that is possible for us 
without instruments (van Fraassen, 2001, p. 154, emphasis added).

However, he has also argued that:

A look through a telescope at the moons of Jupiter, seems to me a clear case 
of observation, since astronauts will no doubt be able to see them as well from 
close up (van Fraassen, 1980, p. 16).

Maxwell (1962) famously argued that thanks to instruments that help us in the pro-
cess of observation, what was previously counted as unobservable (a theoretical 
entity) should now be counted as directly observable. Responding to Maxwell’s argu-
ment against the importance of distinguishing between the observable and the unob-
servable, van Fraassen distinguishes between detection and observation, claiming 
that what is unobservable to humans can be detected by observation but not directly 
observed. van Fraassen argues that while such a distinction may lack ontological 
significance, it does have epistemological significance (van Fraassen, 1980, p. 19).

That considered, the theory-observation distinction for constructive empiricists 
seems to differ from the traditional one in that it is based on all that is in principle 
observable to humans, not on what has already been observed. It seems to me that by 
the term “observation” van Fraassen means direct observation with the naked eye and 
the rest is indirect observation (detection) in the sense of involving inference.

To reiterate, since the distinction is based on what is in principle observable to 
humans as an epistemic community, it rests on the idea that observation of something 
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is necessarily an activity of perceiving the thing by individual scientists, and perceiv-
ing does not involve inference. Moreover, since instrumental observations rely on 
the theory of the instrument, the background knowledge, and the theory of what is 
being observed (in the case of testing predictions), which normally form the basis of 
the inferential bridge between the observer and the practically/in principle unobserv-
able object (see Churchland’s argument in Section 4), the exclusion of instrumental 
observations relies on the idea that observation is independent of theory. This makes 
the reasoning consistent with inference-free perception.

In short, the tenets behind this line of reasoning are: 

1.	 Observation is individualistic.
2.	 Observation is perception.5
3.	 Observation is independent of theory/non-inferential.

It is important to keep in mind that the principled epistemic distinction between direct 
(naked-eye) and indirect (instrumental) observation relies crucially on these tenets. 
Moreover, the last tenet reappears under new guises in Shapere’s distinction based on 
the notion of interference and Elder’s distinction based on the notion of intervention 
and/or model-ladenness.

Having identified the basic tenets of the principled epistemic distinction between 
direct (naked eye) and indirect (instrumental) observation, in Section 4 I challenge 
the empiricist idea that naked-eye observation is inherently superior to instrumental 
observation. For that reason, I first provide reasons from scientific practice and phi-
losophy of science. Second, I systematically argue against the principled distinction 
based on sense perception, concluding that the traditional distinction is irrelevant to 
scientific observation. In Section 5, I will resume to continue the journey of explor-
ing the basis of the distinction between direct and indirect observation by turning 
to practice-oriented philosophers. In particular, I will focus on examining epistemic 
distinctions made by Shapere (1982) in a general sense and by Elder (2025) in a 
restricted sense.

4  The decentralization of sense perception

The first move toward decentralizing the senses involved enhancing sensory capabili-
ties through inventions like telescopes and microscopes. Contemporary observations 
often combine experimentation with controlled environments, furthering the decen-
tralization of sense perception. This approach makes rare or unnoticeable natural 
occurrences observable. These steps challenged conventional beliefs and necessi-
tated reevaluating those established tenets of empiricism. Correspondingly, the con-
cept of observation has evolved in response to scientific and technological progress, 

5 Fodor (1984) argues for a theory neutral observation by suggesting an alternative psychological account 
of the relation between cognition and perception. However, he admits that perceptual observation 
involves inferences. See also Brewer and Lambert (2001) for arguments about theory laden observation 
in perception and the rest of scientific practice.
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challenging empiricism. Observations of the Higgs boson and gravitational waves 
are evidence of this. The need for direct perceptual observation has been discarded, 
leading to a reconsideration of distinctions like direct and indirect. As will be shown 
later in this paper, in modern observations the crucial epistemological difference lies 
in the reliable scientific information provided, not in the directness/indirectness of the 
methods of acquisition. Justification depends on the reliability of the method and the 
theories, laws and assumptions involved, without the need for discrete qualifiers such 
as direct and indirect. Reliability is case-specific and there is no universal criterion 
for the epistemic categorization of observations. Therefore, in the realm of scientific 
practice, a great number of scientifically justifiable observations do not support any 
of these tenets either individually or in group.

In parallel, the so-called post-positivism philosophy of science (Hanson, 1958; 
Kuhn, 2012; Maxwell, 1962; Bogen and Woodward, 1988; Chang, 2005; Azzouni, 
2004) has extensively criticized this line of empiricism especially on the level of the 
third tenet, namely the matters surrounding theory-laden observation.

Besides, the strict distinction between observables and unobservables made by 
philosophers of science is shown to be questionable. Compelling arguments against a 
strict distinction between observables and unobservables can be found, among others, 
in Maxwell (1962), Hacking (1981), Musgrave (1982), Churchland (1985), Bogen 
and Woodward (1988), Ladyman (2000), and Massimi (2007). For example, Church-
land (1985, pp. 39-41) distinguishes many modes of unobservability, including things 
that are very distant from us spatially or temporally and things that are too small to 
be observed by our senses. One might consider that the former is observable but yet 
unobserved to humans (practically unobservable), but the latter is unobservable in 
principle. He notes that for van Fraassen there is a principled distinction between 
things that can be observed with the unaided senses and things that are practically 
unobservable (like a planet in a distant galaxy) on the one hand, and things that can 
not be observed in principle by humans (like an electron) on the other. Churchland 
rightly points out that van Fraassen’s principled distinction is unsatisfying because 
our epistemic access to both the practically unobservable and the in principle unob-
servable relies on ampliative inferences. So, whether it is spatial distance or spatial 
size, the epistemological problem is the same: bridging the gap in both cases involves 
“ampliative inferences and underdetermined hypotheses” (p. 40).

To further justify my critique of maintaining a principled distinction between 
direct and indirect observation on epistemological grounds - even for those commit-
ted to constructive empiricism - I present a series of systematically argued examples. 
Taken together, these examples support the view that the epistemic significance of an 
observation is context dependent. Moreover, they challenge the notion that naked-eye 
observation is inherently superior; in some cases it may even prove epistemically 
inferior or detrimental, depending on the specific circumstances in which the obser-
vation is made.

I begin with a story that simply offers reasons to not always rely on my senses.
One day, I opted to extend my stay at the workplace to complete reading Grover 

Maxwell’s impressive article on “The Ontological Status of Theoretical Entities.” 
As I navigated the final dense segments of the article, I acknowledged being unable 
to comprehend its depth any further. Suddenly, my gaze shifted towards the window 
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where I spotted flickering lights in the darkness. At that moment, I decided to depart. 
While walking along the elongated corridor towards the nearest elevator, I observed 
an individual walking from the opposite direction. As I entered the elevator, I realized 
I was alone. The following day, I couldn’t help but ponder whether I had hallucinated 
or if there was truly someone there. I considered the best course of action to resolve 
the mystery. Undoubtedly, the optimal solution is to review any available surveil-
lance footage in the corridor. If we observe an individual in the recording, we can 
conclude that I had really seen a person. If not, the conclusion is that my experience 
was a hallucination.6

It could be argued that the story describes a situation in which the human senses 
are not in their ideal state, due to fatigue and lack of concentration, and you were not 
in a proper observation situation.

That being granted, this time consider a football match in which referees are 
observers to ensure that the rules are followed. In a particular football match, a few 
minutes into the game, the experienced referee, who has a clear vision, observes a 
foul near her position, which gives her the best view of the game. The referee decides 
to call the foul. However, the assistant referee in the opposite direction on the diago-
nal challenges the decision. To resolve the controversy, the Video Assistant Referee 
(VAR) should be checked. If the VAR confirms the referee’s observation, it means 
that there was indeed a foul, otherwise the referee’s observation was inaccurate.

Before drawing any conclusions from these accounts, let me situate some aspects 
of them in language that will enhance this article. The act of observing the individual 
from the opposite direction in the first case and the referee’s observation in the sec-
ond case are typically referred to as “direct observation,” while reviewing the foot-
age/the VAR is considered “indirect observation.” The epistemic status at play is the 
reliability of the sensory experience compared to that of the footage/VAR.

One possible objection is that reviewing the footage/VAR is also direct as we can 
“directly see” the person/event. However, I argue, in order to equate this directness 
with the sensual experience, we must ignore the need to rely on a set of scientific 
theories and technologies that make this “directness” possible. Furthermore, this is an 
observation of the past made through an apparatus.7 If observing a past event with a 
theory-laden apparatus does not preclude directness, why should an observation of a 
distant galaxy with a high-quality telescope be considered “indirect” when compared 
to naked-eye observation?8

One might further object that the above line of reasoning misses the mark since 
scientific observation is a meticulous activity, rendering the concerns in the previous 
story insignificant. Therefore, direct observation with the naked eye maintains its 
epistemic superiority. My answer would be that scientific observers predominantly 
favour recording the phenomenon under investigation to extract the most reliable 

6 This is different from natural phenomena such as rainbows, which van Fraassen (2001) calls public 
hallucinations, even though they can be recorded and photographed. His rejection of the observation of 
rainbows stems from his denial of the possibility of observing light. His discussion of public hallucina-
tions is irrelevant to the point I am making here.

7 Here I omit the fact that every observation is an observation of the past, see Kosso (1992).
8 See Brown (1985) and Chalmers (1985) for a detailed discussion of how Galileo showed the unreliability 
of naked eye observations as opposed to telescopic observations.
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information. This approach relies less on their senses and memory while affording 
them the opportunity to review the footage or recording multiple times to ensure 
accuracy.

To further support this claim, consider observing the Moon, once with the naked 
eye and once with a telescope, to study its nature and topology. In Galileo’s time the 
latter, indirect observation, was considered unreliable, although he saw more details 
and gathered more information about the Moon than is possible with the naked eye. 
In contrast, I doubt that a single scientist in this century observes the Moon with the 
naked eye for scientific purposes.

This suggests two facts: first, the epistemic significance of an observation, includ-
ing the reliability of the method and the inferences involved, is contextual. By con-
textual I mean whether the observational claim meets the epistemic standards set 
by the scientific community, since these standards are subject to change. Second, 
telescopes are now regarded as being able to collect more light from the observed 
object than the naked human eye, thus providing clearer images and more detailed 
information, i.e. a more reliable means of observation.

The lesson to be drawn from the above examples is that the distinction between 
direct and indirect observation seems to be epistemically irrelevant, even in cases 
involving naked eye observation. An additional, though controversial, lesson is that 
since the distinction has no epistemic bite, it might be better to drop it altogether 
when it comes to evaluating scientific observations. However, one might argue for 
retaining the distinction on methodological grounds and for heuristic reasons.

In Section 5, I will turn to epistemic distinctions between direct and indirect obser-
vation that have been proposed by practice-oriented philosophers. In particular, I will 
focus on examining epistemic distinctions made by Shapere (1982) in a general sense 
and by Elder (2025) in a restricted sense.

5  The practice-oriented turn

5.1  Information transmission as the basis of observation

Shapere’s (1982) account of observation is arguably the most well-known to devi-
ate from the empiricist view, which centers on sense perception as the foundation of 
observation. Shapere contrasts the narrow view of a philosopher with the permissive 
stance of an astrophysicist in order to challenge the dominance of empiricism in dis-
cussions of observation. He claims that the latter has a rational justification for such 
permissiveness (p. 511). While Shapere doesn’t explicitly define the philosopher’s 
use of “direct,” he interprets it as being tied to perceptual inaccessibility. He sug-
gests that the philosopher is an excessive empiricist who equates “direct observation” 
with sensory perception. Shapere rejects the philosopher’s emphasis on sense percep-
tion, but retains the direct-indirect distinction on methodological and epistemological 
grounds. Shapere’s view highlights a fundamental difference between the philoso-
pher’s perception-based genuine observation and the astrophysicist’s focus on justifi-
able observation through transmitted information (p. 517). However, as we shall see, 
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his view is not entirely free of empiricist motivations which regard “direct” observa-
tion as non-inferential and epistemologically superior to inferential observation.

Shapere’s proposal for observation is the following:

x is directly observed (observable) if:

(1) information is received (can be received) by an appropriate receptor; and 

(2) that information is (can be) transmitted directly, i.e., without interference, to 
the receptor from the entity x (which is the source of the information) (Shapere, 
1982, p. 492, emphasis in original).

The proposal shows that Shapere’s understanding of observation is based on the 
transmission of information, so the direct-indirect distinction is based on the idea 
of without-with interference. Furthermore, the term “receptor” indicates that the 
observer need not be a human agent. That is to say, Shapere has a fundamentally 
different understanding of observation. His use of the term “receptor” departs from 
the empiricist philosopher, but he sympathizes with her by preserving the epistemic 
distinction. This is an incomplete revolution against the empiricist understanding of 
observation. This paper is an attempt to complete it.

Although Shapere departs from the empiricist on the basis of the distinction, the 
motivation behind it remains intact. He argues against the philosopher for conflating 
the problem of observation with the problem of perception (pp. 507-508), while at the 
same time preserving a distinction in the former that is reminiscent of the latter. The 
question is, what makes him fail to recognize the distinction as part of this conflation?

In his paper, Shapere considers an objection raised by a philosopher who is driven 
by her overly empiricist beliefs. The philosopher argues that this kind of observa-
tion, which Shapere calls direct, requires a great deal of background information and 
inference. Observation should be free of inference. Therefore it should not even be 
called observation. This is because it tends to obscure an obvious epistemic differ-
ence between non-inferential observation and inferential observation.

Shapere replies to this objection as follows: for the philosopher, he argues, infer-
ence is seen in the logical sense, so any observation that involves calculation and 
deduction is inferential. However, in the process of seeking knowledge, Shapere 
argues, one should not conceive of inferences in the logical sense as the philosopher 
does, but rather make a distinction between inferential and non-inferential on episte-
mological grounds. That is, whether we have specific reasons to doubt a conclusion 
or not. If the reasoning and the conclusion are subject to specific doubt, it is infer-
ential; if we are confident about our reasoning and conclusions, it is non-inferential 
(p. 517).

It seems Shapere has built the distinction based on two distinct information chan-
nels (solar neutrino versus solar photons) which represent two methods, and attaches 
epistemic terms like confidence, doubt, specific reason for doubt, and so on to them.

As explained, Shapere abandons the two tenets of “observation is perception” and 
“observation is individualistic.” For him, the basis of observation is the transmis-
sion of information, and this information can be captured by a receptor. However, 
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one of the empiricist tenets seems to have implicitly persisted and reappeared under 
new guises in Shapere’s epistemic distinction between direct and indirect observa-
tion: “direct observation is inference-free (non-inferential).” For empiricists, direct 
observation is non-inferential because theory and instruments are excluded from the 
process of observation. For Shapere, direct observation is non-inferential because 
there is no interference in the transmission of information between the source and the 
receptor, which provides confidence in the observational result.

Therefore, this time the idea rests on two foundational premises: 

1.	 “Direct” observation is inference free (non-inferential).
2.	 An inference free observation is epistemically superior to an inferential 

observation.

With this in mind, let us now turn to the most recent attempt to make an epistemic 
distinction between direct and indirect observation, namely Elder (2025). Elder’s 
distinction is explicitly contextualized to the observation of gravitational waves and 
possible related cases. Thus, a principled distinction is abandoned.

5.2  The observation of gravitational waves

Hulse and Taylor (1975) announced the discovery of the first binary pulsar system, 
PRS B1913+16. Subsequently, Weisberg and Taylor (1981) demonstrated the exis-
tence of gravitational waves by observing the energy decay of the binary from elec-
tromagnetic waves received by a radio telescope.

On February 11, 2016, the LIGO-Virgo collaboration announced that they have 
observed gravitational waves from a binary black hole merger received by the LIGO 
interferometer detectors. The collaboration called the observational event, GW 
150914, “the first direct detection of gravitational waves and the first observation of 
a binary black hole merger” (Abbott et al., 2016).

Elder (2025) has a positive view of the epistemic distinction between direct and 
indirect observation in the case of the observation of gravitational waves.

For her, the idea behind the importance of gravitational waves interacting with 
the measuring device is that the data represents the properties of the gravitational 
waves themselves in the LIGO-Virgo case, but in the Hulse-Taylor-Weisberg case, 
we need to make an inference from the radio waves to the existence of the gravita-
tional waves. However, since gravitational waves can interact with both measuring 
devices, that means the fundamental difference between the two cases depends on 
how one designs a detector: whether it is designed to detect gravitational waves or 
radio waves (Elder, 2025, p. 9).

I think, if one is tempted to generalize this interaction-based distinction and apply 
it to the distinction between direct and indirect observation, one is forced to count 
the observation of an object with our naked eyes as indirect since our eyes do not 
necessarily interact with the object itself; rather, it is a chain of interaction in the 
sense that the photons interact with the object and eventually interact with the pig-
ments of our eyes.
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However, Elder goes beyond this naïve idea, and she considers a further reply to 
this interaction-based distinction in her paper, namely if one re-describes the model-
ling differently, it directly influences the decision one makes about whether an obser-
vation is direct or indirect. Essentially, if one counts the Hulse-Taylor binary as part 
of the detector, one can clearly recognize the fundamental similarities between the 
two cases (Elder, 2025, p. 9).

Elder recognizes that there is no standard reason for dismissing this version of 
redescribing the situation. Moreover, the objection is pervasive in the sense that it 
is applicable to other examples, such as Shapere’s construal and the modelling of 
receptor and measuring device. As a result, she draws back to build the distinction 
based on the notion of “intervention” between the two cases of the observation of 
gravitational waves.

She argues that one is justified in not including the Hulse-Taylor binary as part of 
the detector because it cannot be intervened upon. In contrast, the LIGO-Virgo detec-
tor on Earth can be. The intervention is important, she thinks, because it allows one 
to calibrate and test the detector. Therefore, she claims that the depiction of the detec-
tors the way she argues for them is not arbitrary. She proceeds to justify the direct 
and indirect distinction based on the idea of intervention. The motivation behind it, I 
believe, comes from the idea that the detector can be seen as a “black box” (epistemi-
cally secured) as it is calibrated and tested through intervention.

This appears to be a similar strategy to Shapere’s as employed in his construal of 
direct observation, namely attempting to provide an inference-free domain between 
the observed object and the receptor/detector. In Shapere’s case, non-interference in 
the information carrier (neutrinos) leads to direct observation; in Elder’s case, inter-
vention in the detector leads to direct observation. Otherwise, her justification for 
excluding the Hulse-Taylor binary from the detector becomes ungrounded. The fact 
that both Shapere and Elder end up relying on the term “confidence” can be consid-
ered supportive of my claim (Shapere, 1982, p. 517; Elder, 2025, pp. 9-10).

As mentioned in the introduction, Elder emphasizes throughout the paper that 
direct observations are not inherently superior to indirect observations. Additionally, 
Elder stresses that what is epistemically important in the two cases of gravitational 
wave observation lies in how we justify our confidence in each epistemic situation, 
or in other words, how we delineate the nature of justification in each case. However, 
as will be shown in detail, there seems to be two interpretations for Elder’s epistemic 
distinction and two criteria for the distinction. A closer look at the situation reveals 
that these two criteria are in tension with each other.

I conclude that there is a fundamental similarity between Shapere’s and Elder’s 
strategies of argumentation. Both begin by claiming to build on scientific practice, 
proceed to analyzing methodological differences (solar neutrinos versus solar pho-
tons and gravitational waves versus radio waves), and end with a contrived observa-
tional setting (based on non-interference in Shapere’s case and intervention on the 
detector in Elder’s case). Finally both retreat to purely epistemic reasons.

Next, I will take a closer look at the criteria used by these practice-oriented philos-
ophers, Shapere and Elder. These criteria include interference versus non-interference 
and intervention versus non-intervention/model dependence versus model indepen-
dence. Supported by examples from practice, I demonstrate that these approaches 
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face significant challenges, both together and individually. The following Section 
6 is divided into two parts: In Subsections 6.1, 6.2, and 6.3, I will primarily engage 
with Shapere’s distinction, and in Subsection 6.4, I comment on Elder’s distinction.

6  The incongruence of the epistemic and methodological distinction

6.1  Confidence is not a discrete concept

Let us assume that the distinction between direct and indirect observation seems plau-
sible for methodological reasons, whether one’s reference is perception or any other 
method. While physical proximity between the observed and the observer - such 
as directly perceiving the observed or engaging in direct physical interaction - may 
be advantageous, it does not necessarily guarantee the epistemic reliability of the 
observation. For instance, consider two scenarios: in the first, there is direct physical 
interaction between the observer and the observed, but understanding the interaction 
requires a set of theories, laws, and assumptions that are epistemically weak. In the 
second scenario, the observation is indirect, involving a physical distance between 
the observer and the observed, with additional intermediary interactions. However, 
in this case, the explanation relies on just one reliable physical theory or a well-
supported and reliable set of theories, laws, and assumptions. In these situations, we 
are compelled to place more confidence in the second, indirect observation due to the 
stronger epistemic foundation.

For illustration, consider the following concrete example. This example is not an 
exact representation of the scenarios, instead it is an instance from scientific prac-
tice that provides support. As demonstrated by Chang’s (2004) notion of epistemic 
iteration, indirect methods can become more epistemically robust than the simpler, 
more direct methods on which they were initially calibrated. The contrast is between 
human temperature perception and a thermoscope. Chang explains that confidence 
in thermoscopes’ reliability was built by comparing their results with human tem-
perature perception. However, it later turned out that thermoscope measurements 
could correct sensory perceptions (pp. 30-40). Thermoscopes were then developed 
into calibrated thermometers. Their calibration is based on assumptions about heat 
and expansion, among other things. Despite being theory-based, we now agree that 
thermometers are more accurate and reliable than human temperature perception.

This reasoning highlights a contradiction in Shapere’s argument. On the one hand, 
he criticizes the empiricist philosopher for framing inference in purely logical terms, 
without considering whether the results inspire epistemic confidence. On the other 
hand, he seeks to establish an “inference-free” domain to support his notion of “direct-
ness” (as evidenced by his contrasting example in his paper). The contradiction arises 
from the fact that, if we are to understand “inferential” and “non-inferential” in epis-
temological terms, then both the physical proximity between observer and observed 
(methodology) and the theoretical reliability (confidence in the involved theories, 
laws, and assumptions) must be considered to make a robust epistemic claim. Note 
that I am not arguing here for the idea that observation is epistemically superior if it 
relies on fewer steps of theoretical reasoning, in the sense that one needs one physical 
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law or theory to extract the information about the observed or several ones. This also 
seems to be a misleading idea. What I am suggesting is that regardless of the amount 
of theoretical reasoning involved and the nature of the methodological channel, what 
matters is whether or not one is confident about it in the specific context.

Moreover, since observation is a different problem from perception, and since the 
main purpose of observation is epistemic, as Shapere admits, one needs to provide 
a set of epistemic standards that correspond to, at least, a considerable number of 
methodologically direct or indirect observations in order to be able to maintain the 
distinction epistemically. This requires a set of prescribed epistemic standards to be 
applied to each individual observation in order to decide which group it belongs to. 
A vague methodological distinction might serve as a rule of thumb, but an epistemic 
distinction, if any, must be sharp.

It is not clear to me how one can reasonably construct a distinction between dis-
crete qualifiers like direct and indirect on the basis of continuous and gradual epis-
temic terms like doubt and confidence. Unlike direct and indirect, confidence and 
doubt have a gradual character.9 I argue that this very fact renders the distinction 
irrelevant. Furthermore, the factors that create consensus on confidence about obser-
vational results are contextual. It might not be an easy task if one attempts to find two 
observational results where the factors behind the consensus on the confidence in 
these observational results are relatively the same. Despite the fact that the criteria for 
doubt and confidence vary from case to case, there is an immediate response to Sha-
pere, namely that his epistemic distinction implies that if we were equally confident 
about the conclusions we draw about the center of the Sun from the information we 
obtain from the photons of the Sun’s surface (which is quite imaginable), these obser-
vations would be non-inferential and hence direct. If that is the case, the whole edifice 
that Shapere has built for the qualifier direct based on methodological reasons in the 
case of solar neutrinos collapses. This demonstrates that the epistemic distinction 
does not correspond to the methodological distinction. More precisely, the method of 
observation is neither a necessary nor a sufficient condition for epistemic confidence.

Shapere seems to reduce confidence to non-alteration. However, his focus on non-
alteration of information leads to the mistaken view that it is the only reliable source 
for calibrating and testing observational channels. This is a red herring, as calibration 
and testing can be achieved through other means. Moreover, it suggests that non-
interference is the sole contributor to epistemic confidence across a wide range of 
observations, which is overly simplistic.

Consider Galileo’s observation of the lunar mountains. At the time, the only 
empirical justification for the existence of these mountains came through Galileo’s 
newly invented telescope. He observed bright and dark spots on the Moon and argued 
that they could be explained by the Moon being mountainous, using the Earth’s 
sunrise phenomenon as an analogy. Galileo assumed that the Moon and the Earth 
shared enough similarities to make this comparison, an assumption grounded in the 
Copernican theory. For instance, he assumed that, like the Earth, the Moon’s material 
reflected sunlight, which accounted for its brightness (Ariew, 1984; Spranzi, 2004). 
Shea (2000) further demonstrated that Galileo’s observation of the lunar mountains 

9 For a Bayesian account of these gradual epistemic conditions, see Bovens and Hartmann (2004).
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was not an independent test of the Copernican system but rather a consequence of his 
pre-existing commitment to Copernicanism during the observational process.

Furthermore, Galileo successfully calibrated and tested his telescope by observing 
terrestrial objects, and he distributed copies of his telescope to ensure reproducibil-
ity of his results. Nevertheless, his observations remained controversial at the time 
(Galilei, 2016; Franklin, 2017).

According to Shapere’s criterion for direct observation - non-alteration - Galileo’s 
observation of the lunar mountains qualifies as direct, meaning that his contempo-
raries should have had confidence in his observations. That is because, the photons 
from the lunar mountains reached Galileo’s telescope without interference.

The lesson from Galileo’s observations is twofold: first, his testing and calibra-
tion methods did not rely on non-interference. Second, the controversy surrounding 
his observations stemmed from the fact that his contemporaries did not accept the 
underlying assumptions and theories on which his claims were based. Thus, while 
Galileo’s observations meet Shapere’s criteria for directness, his framework does not 
fully capture the epistemic complexity of his work as the epistemic standards them-
selves were in a state of transformation.

6.2  When does the observational process end?

As you can see from Shapere’s proposal above, for direct observation to be non-infer-
ential, there should be no interference in the transmission of information between 
the source and the receptor. The non-interference condition is only possible if one 
disregards the additional interactions and inferences required after the neutrinos are 
captured to extract the relevant information. It follows that, for Shapere, the initial 
interaction between the neutrinos and the receptor is the end of the observation pro-
cess. This is epistemically significant for him, because non-interference keeps the 
information from alternating. Interestingly, in addition to the “observation is non-
inferential” tenet, counting the capture of the neutrinos by the receptor as the end of 
observation and black-boxing the internal inferences bears similarities to the “obser-
vation is perception” tenet.10

Therefore, Shapere needs the following assumptions to construct the distinction: 

1.	 The information carrier should be some kind of physical entity: for example, 
neutrinos or photons.

2.	 The physical interaction between the carrier and the receptor is the end of the 
process of observation.

3.	 The epistemic significance of directness over indirectness comes only from the 
arrival of the information carrier without interference at the receptor.

When does the process of observation end? This question is crucial because it dic-
tates one’s claim about the distinction between direct and indirect observation. There 
does not seem to be a prescribed set of criteria for this. Again, it is case-specific, 
and the decision depends on the nature of the phenomenon to be observed, what we 

10 I am grateful to reviewer three for bringing to my attention the need to better clarify this point.
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want to know about the phenomenon, the amount of information or data, both in 
quality and quantity, that is considered sufficient, the extent to which the background 
information can be used to establish the result, what justifies the results, and so on. 
Sometimes the scientist has to collect data for several years, and the data should go 
through a very complicated process of analysis. Therefore, if one wants to generalize, 
one simply has to assume where the process of observation ends. For this assumption 
to work, the receptor must also be somewhat circumscribed and defined, so that the 
point of interaction between the information carrier and the receptor can be deter-
mined. It would be very naive to reduce an epistemic process like observation to a 
mere interaction between the information carrier and the receptor. The very notion of 
an information carrier implies that mere interaction does not yield information, that 
calculations, inferences, and analysis (data processing) are necessary to decipher the 
information. Moreover, mere interaction without the intentional aspect of observa-
tion leads us to count every natural interaction in nature as an observation. This is 
related to the issue of excluding the human observer from the process of observation 
that Shapere promotes.

According to him, the receptor does not need to be a human observer, it can be an 
apparatus. The motivation behind this aligns with the idea that he defends through-
out the paper, namely in modern science that observation is an epistemic process 
rather than perceptual and we have to dispense with the perceptual dimension of 
observation.

I argue that here Shapere conflates the concept of human observer with human per-
ceiver, and he again conflates information with information carrier. A human agent 
might not be needed when the interaction happens between the information carrier 
and the receptor, a human agent might also not be needed in the process of altering the 
information from one form to another. That is, the human does not need to perceive 
the raw data and what it represents. In other words, we might be justified in exclud-
ing the human agent as a perceiver, because to perceive is not a necessary condition 
to acquire knowledge. However, the human agent is needed as a conceiver since 
to conceive is a necessary condition, in the case of non-perceptual data, to acquire 
knowledge. That is to say, without conceiving the received information acquiring 
observational knowledge is not possible. In other words, the apparatus in and by 
itself cannot cognitively decide on an observational result. Moreover, some observa-
tions are conducted in a collaborative group; knowledge production in such cases 
is an interpersonal process and contains social-epistemological dimensions. Modern 
observational processes are not possible without involving judgment, assessment and 
trust due to their complex nature. In addition to that, in the process of making an 
observation we have to rely on many established and reasonable background beliefs 
(theory ladenness). This makes the process of excluding human observer even more 
difficult.11

One possible objection is that it is at least in principle possible that a highly devel-
oped and intelligent nonhuman receptor (I name it super-intelligent receptor) will 
be able to carry out the whole process, namely capturing the information carrier, 

11 See de Bianchi (2013) for an excellent discussion of the effect of the observer on the observed, especially 
in microphysical cases.
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deciphering the information through steps like data processing, analysis, calculation, 
inferences and interpretations and prepare even an observational report. In this case it 
is hard to deny that the receptor has made an observation. This might be possible with 
artificial intelligence and simulations. However, I find it problematic in two aspects:

First, in this case we encounter novel epistemological problems such as to what 
extent the methods and tools which the super-intelligent receptor employs for data 
processing are epistemically transparent. Shapere has based his notion of direct 
observation on the idea that the alterations and inferential calculations which come 
after capturing the information carrier are controllable, therefore the results are reli-
able. However, in the case of a super-intelligent receptor, the control will be lost due 
to the opacity of the process. Therefore, it is not clear on what criteria the reliability 
will be established.

Second, it is not clear whether the super-intelligent receptor will play its role in 
the observational process as a tool or as a genuine observer. That is, does it assist the 
human observer(s) heuristically or become a partner of the human in the process of 
conducting science. If the former is the case, it implies that the human observer is not 
excluded in the process. If the latter is the case, since observation is an intentional 
scientific process, one is tempted to argue that the super-intelligent receptor should 
be a conscious being or at least possess humanly features like intellectual curiosity, 
pursuing intellectual goals and scientific creativity and serendipity. In that case, it 
seems to me we are replacing a human agent with its counterpart.

As we have seen, defining and circumscribing the receptor is a necessary condi-
tion for the direct and indirect distinction claim because various conceptions of the 
receptor are possible in many observational cases. That is because it affects the way 
one constructs the non-inferential setting.

6.3  Challenging the intervention criterion: a dilemma

As we have seen, Shapere’s distinction is based on non-interference with the infor-
mation carrier. For him, this implies non-alteration of the information. He excludes 
from his account the chain of interactions taking place within the receptor, since the 
receptor is controllable. This allows him to constitute an inference-free domain and 
to make an epistemic distinction.12

There seem to be examples in scientific practice that are inconsistent with this 
heavy reliance on intervention and noninterference. I am inclined to further chal-
lenge Shapere’s distinction by providing an example, which is a proposed method 
for directly imaging exoplanets. The detection of exoplanets has become a prominent 
scientific activity since the 1990s, and thousands of exoplanets have been discovered 
using various detection methods such as microlensing, the transit method, and radial 
velocity (Mayor and Queloz, 1995; Charbonneau et al., 2002).

12 It seems to me that this line of argument is at least indirectly inspired by the philosophers who made a 
general epistemic distinction between observation and experiment based on the criterion of manipulation, 
as the latter is superior to the former; see Boyd and Matthiessen (2024) and Boge (2024) for a critical 
discussion of such a distinction.
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Recently, an interesting method called “Direct Multipixel Imaging and Spectros-
copy of an Exoplanet with a Solar Gravity Lens Mission” has been proposed to detect 
exoplanets. In this technique, scientists aim to image exoplanets by collecting emit-
ted light from the exoplanet itself. However, since exoplanets are not self-luminous 
and are very faint compared to their star companions, collecting light from them 
requires highly sophisticated and giant telescopes, which may be impractical consid-
ering our current scientific and technological developments. As an alternative, scien-
tists have developed a method that makes use of the sun as a gigantic lens, exploiting 
the bending of light due to gravitational attraction predicted by general relativity. 
Without going into details, the basic idea is to position a telescope on the focal line 
(the resulting beam of deflected light due to gravitational lensing) around 650 to 
800 astronomical units (AU) away from the sun, targeting an exoplanet. However, 
to image an Earth-like exoplanet, we would still need a 1.3 km telescope to resolve 
the entirety of the so-called “Einstein ring” in one picture. To overcome this dif-
ficulty, highly developed algorithms are needed to assemble numerous pictures and 
resolve the complete ring if telescopes of a couple of meters in size are employed, for 
example (Turyshev et al., 2020).

There seems to be a challenge for Shapere, namely whether or not to count the solar 
gravitational lensing (SGL) as part of the detection system. This creates a dilemma 
for him. On the one hand, since scientists intend to employ it as a lens, one could 
count it as part of the detection system. If that is the case, it goes against Shapere’s 
idea of controlled intervention over the receptor since we cannot intervene with the 
Sun. In that case, one might argue that the detector cannot be seen as a “black box,” 
and thus, it is epistemically not secure. In such a case, using the idea of control over 
the detection system as a ground for direct detection fails. On the other hand, if we 
exclude it from the detection system, then it should be considered as a separate source 
system, and inferences are needed from it to the target system (the exoplanet). As a 
result, the detection obviously becomes indirect. In conclusion, although scientists 
already call this proposed detection method direct, if we employ Shapere’s criterion 
of “intervention” in this case, the detection is deemed to be indirect.

6.4  The scope and applicability of Elder’s distinction

In the introduction to this paper, I pointed out that Elder abandons the principled 
epistemic distinction between direct and indirect observation. I believe that Elder’s 
contribution has already taken the crucial step in the right direction. In this sense, the 
present paper is broadly in line with Elder’s position.

However, she still argues for an epistemic significance of the distinction between 
direct and indirect observation in the case of gravitational wave observations, and 
hopes that such a distinction can be applied to other cases as well. In this subsection, 
I take a closer look at the nature of Elder’s distinction, its scope, and its basis. As a 
result, I highlight a number of concerns about her moderate position. These concerns 
suggest that my earlier worry about the incongruity of the epistemic and method-
ological distinctions may extend to such restricted accounts.13

13 The comments of reviewer three, for which I am grateful, enriched the discussion in this subsection.
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To begin with, it is not quite clear whether Elder’s distinction is merely epistemic, 
merely based on scientific practice, or an attempt to account for both. In other words, 
it is not quite clear whether her account is normative and general, normative but spe-
cific to the observation of gravitational waves, descriptive and specific to the obser-
vation of gravitational waves, or a mixture in the sense that it adheres to epistemic 
criteria and at the same time resonates with scientific practice.

For example, on the one hand, Elder seems to limit her discussion of the epistemic 
distinction to the case of observing gravitational waves, as she argues:

My aim is not to accurately reconstruct a single account of how terms such as 
“direct observation” are used across contexts (indeed, I suspect that this is an 
impossible task) but rather to assess the potential epistemic significance of add-
ing terms like “direct” and “indirect”—especially the case at hand: the detec-
tion of gravitational waves (Elder, 2025, p. 7).

On the other hand, Elder begins to elaborate on the possible applicability of her 
account to other cases, as she states:

I expect that my analysis of direct detection in this paper extends beyond its 
original context. To motivate this expectation, I will briefly consider how the 
analysis can be applied to some related cases: two unsuccessful attempts to 
measure gravitational waves—by Joseph Weber, and by the BICEP experiment; 
and the first observation of a black hole “shadow” by the Event Horizon Tele-
scope Collaboration (Elder, 2025, p. 10).

Furthermore, I take it as self-evident that the use of the qualifiers “direct” and 
“indirect” by the scientists in this case study motivated Elder to write a paper on 
the distinction. Moreover, a quote from a scientist in the LIGO case plays a central 
role in Elder’s distinction. The quote appeared in Collins’ book, namely:

The difference is that [...] we figured out how to build a sufficiently sensi-
tive GW receiver and since we built it, we know exactly how it works (Elder, 
2025, p. 9, emphasis omitted).

It follows that her account is informed and motivated by, but perhaps not bound by, 
scientific practice, as her main goal is to make an epistemic distinction.

I suggest the following reading of Elder’s distinction. It is descriptive in the sense 
that it is intended to be consistent with scientific practice, particularly in the observa-
tion of gravitational waves and other observational processes with setups similar in 
kind to that of gravitational wave observation. At the same time, it is normative in 
that its epistemic significance is grounded in a criterion, namely “intervention on the 
detector,” which implies that it should apply to any observational setup similar in 
kind to gravitational wave observation.

I consider this minimal interpretation of Elder’s distinction to be natural. This is 
because, on the one hand, I recognize the fact that the use of “direct” and “indirect” 
varies considerably across scientific fields. On the other hand, I have limited the 
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expectation of the scope of applicability of the distinction to those observational set-
ups that are similar in kind to the observation of gravitational waves, rather than to 
all cases. Given that she uses the phrase “related cases” in the second quote in this 
subsection, I believe this is what Elder has in mind as well. Otherwise, the choice 
of these specific examples and not others remains unexplained. In fact, the scope of 
“similar in kind cases" is much narrower than that of “related cases."

Below, however, I offer reasons suggesting that my earlier concern about the 
incongruity of epistemic and methodological distinctions extends to this minimal 
reading of her account. The reasons do not necessarily exclude the possibility that the 
LIGO-Virgo case is epistemically superior to the Hulse-Taylor-Weisberg case in one 
way or another. I believe, for example, that LIGO-Virgo is epistemically important in 
the sense that it has made it possible to reliably use gravitational waves as an obser-
vational method for future observations, thus expanding our observational horizon. 
However, I take the reasons to issue with any strict epistemic contrast between the 
two observations of gravitational waves and thus challenge Elder’s construction for 
the basis of the epistemic distinction.

6.4.1  A tale of two interpretations

As discussed earlier in this paper, Elder stresses that, in order to make an epistemic 
distinction, what is epistemically important in the two cases of gravitational wave 
observation lies in how we justify our confidence in each epistemic situation. In other 
words, it is a matter of how we delineate the nature of justification in each case. For 
example, Elder states:

The direct/indirect distinction concerns the nature of the justification for confi-
dence in the measurement outcome - in the direct case, this is based primarily 
on models of the measuring system, while in the indirect case it also relies on 
models of a separate target system (Elder, 2025, p. 2, emphasis added).

However, on page 9, she argues that:

Similarly, the radio telescopes used in the Hulse–Taylor–Weisberg detections 
were built for the purpose of detecting radio waves and scientists have a good 
understanding of how they work. The successful use of this kind of telescope 
over many years allows us to be confident in the reliability of the data it pro-
vides us with. However, we cannot say the same about the Hulse–Taylor binary 
pulsar. Hulse and Taylor did not build this binary system and we cannot control 
it in any way. Thus, the way in which we go about justifying our confidence in 
models of this system is different than in cases where it is possible to perform 
controlled interventions (Elder, 2025, p. 9, emphasis added).

Considering these quotations, two interpretations of Elder’s position on the nature of 
the epistemic distinction emerge. First, the epistemic significance of the distinction 
refers only to the “nature of justification” and does not imply anything about the reli-
ability of the method of observation (i.e., it does not concern truth-conduciveness). 
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The second reading is that the epistemic significance of the distinction refers to the 
“nature of justification” and involves a comparative epistemic evaluation between the 
two cases, which includes having more confidence in one observational method than 
the other (i.e., it does concern truth-conduciveness).14

If the first interpretation is correct, I concede this distinction, since its value is pri-
marily methodological, in my view. My main concern is with epistemic distinctions 
that draw on methodological distinctions between observations to establish epistemic 
superiority.

If the second interpretation is correct, then it implies the following: because we 
can intervene in the measuring system, we are confident in the models that describe 
it, and therefore treat it as direct; whereas, since we cannot intervene in the separate 
target system, we lack confidence in its models, and therefore treat it as indirect (at 
least in the case study at hand). This construal is sensitive to my “confidence is not 
a discrete concept” argument in Subsection 6.1. Despite the fact that the criteria for 
doubt and confidence vary from case to case, just like Shapere’s case, there is an 
immediate response to Elder. That is, her epistemic distinction implies that if we 
were equally confident about the conclusion we draw about gravitational waves from 
the information we obtain from the radio waves (which is quite imaginable), these 
observations would be direct.

In addition, as mentioned earlier, she relies on a single statement by a scientist 
from the LIGO collaboration who argues that “the difference is that [...] we figured 
out how to build a sufficiently sensitive GW receiver and since we built it, we know 
exactly how it works” (Elder, 2025, p. 9). But apart from the fact that the scientist 
regards “directness” as a “red herring,” the quote seems to merely indicate a meth-
odological difference. If the second interpretation is correct, it is hard for me to see 
how this statement, without substantiation, leads to the conclusion that we are not 
confident (or even less confident) in the binary pulsar models in the case of Hulse-
Taylor-Weisberg. Elder might reply that it is because of the lack of intervention in the 
binary pulsar, but as I will show below, it is one thing to justify the distinction on the 
basis of “model independence” and another to justify it on the basis of “intervention.” 
It will also be shown that they become two competing criteria for the distinction, and 
that dropping one of them challenges the distinction.

6.4.2  Epistemic interdependence

Elder’s analysis seems to suggest that she assumes the detection of gravitational 
waves can be interpreted independently of the inference of their source system. That 
is, she completely separates the observation of gravitational waves from the observa-
tion of their source system not just for practical reasons, but for epistemic reasons 
(Elder, 2025, p. 8).

However, models of the target system are necessary for the calibration and design 
of the detector, and for the process of data analysis. Furthermore, the design and cali-

14 The two interpretations reflect a deeper philosophical difference: the internalist and externalist 
approaches to epistemology. I tend to think that an adequate account of scientific justification requires 
elements of both. However, this debate goes beyond the scope of this paper.
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bration of the detector as a gravitational wave detector does not guarantee the justifi-
cation of the claim that the signal is gravitational waves. The justification is based on 
theoretical considerations, models and descriptions of the gravitational wave sources. 
That is, pre-existing knowledge (empirical and theoretical) about gravitational waves 
and their possible sources is needed to justify the choice of the direct observation 
method (more on this in the next point). More specifically, in this case, the models 
of the source system (the templates) are indispensably and directly involved in the 
detection of gravitational waves. Without the extensive use of the template models, it 
is not possible to justify the detection of gravitational waves.

So, remember that Elder’s distinction is based on the idea that in the case of Hulse-
Taylor-Weisberg, one must rely on the models of the pulsar, and they are not subject 
to intervention, so it is indirect. In the case of LIGO-Virgo, however, the situation is 
no different; in order to justify the observation of gravitational waves (note that I am 
not referring to the observation of binary black holes), it is indispensable to rely on 
the models of binary black holes, which are not subject to intervention.

It is true that in order to be confident that the detection is gravitational waves, one 
does not need to determine the exact properties of the source system. One can recog-
nize a kind of independence in this sense. However, there is no clear independence in 
terms of the possibility of justifying the observation of gravitational waves without 
the models of the source system.

Regardless of which interpretation of Elder’s epistemic distinction one intends to 
endorse, this blurs the distinction. In this case, the only viable defense of the distinc-
tion appears to be methodological because it can serve as a rule of thumb.

6.4.3  An alternative logic of justification

One could propose an alternative logic of justification for the two observations, 
LIGO-Virgo and the Hulse-Taylor-Weisberg binary pulsar, which best explains the 
situation given their historical and scientific contexts.

In general, theory drives those astrophysical observations which are aimed to test 
the predictions of the theory in question. Since the early 1970s, there has been a 
controversy about the confidence in the correctness of the quadrupole formula (espe-
cially for astrophysical systems). Therefore, the theoretical basis for observing gravi-
tational waves from a strong field was shaky. Before the discovery of the binary 
pulsar PSR 1913+16 by Russell Hulse and Joseph Taylor in 1975, all tests of general 
relativity were based on the first-order corrections to Newtonian theory. So, it was 
still not clear whether the newly discovered pulsar system would be a reliable method 
to measure orbital decay caused by gravitational wave emission.

By the early 1980s, however, the consistent work of Hulse, Taylor, and others had 
accumulated a fair amount of empirical and theoretical knowledge about pulsars, and 
many pulsars had been discovered. So, it was perfectly justifiable to make reliable 
additional inferences from them. That is, to incorporate binary pulsars into observa-
tional methods and use them as observational tools. This is exactly what Taylor and 
Weisberg did in their 1981 demonstration of the existence of gravitational waves.

To use a direct method in the sense of a method like the LIGO-Virgo detectors, 
one would have to rely on a considerable amount of theoretical description of gravi-
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tational waves and their sources, which was not available. In other words, given the 
reliable and established knowledge they had about binary pulsars and given the lack 
of detailed theoretical understanding of the properties and behavior of gravitational 
waves, it was more justifiable to use the indirect method in the sense of using binary 
pulsars to infer gravitational waves. The thin concept of gravitational waves (fewer 
constraints on their properties) made it more justifiable to use the indirect method.

Therefore, it was more plausible to use radio telescopes as an indirect method to 
infer the existence of gravitational waves. The situation was different in the case of 
LIGO-Virgo. The detailed theoretical understanding of the sources of gravitational 
waves, numerical simulations and other modeling strategies made it reasonable and 
justifiable to build a gigantic detector to detect gravitational waves.

This means that the indirect method (the binary pulsar plus radio telescope) was 
used because its reliability was already established, and the direct method was con-
sidered unreliable due to the lack of pre-existing theoretical knowledge about the 
observed (GW). However, it was the remarkable previous success of general relativ-
ity, detailed theoretical predictions by modeling the sources of gravitational waves, 
which helped establish the reliability of the LIGO-Virgo method.15

This alternative logic of justification between the two observations refrains from 
making any comparative epistemic distinctions between them from a retrospective 
point of view, considering both interpretations I provided. Rather, it examines each 
epistemic situation within its historical, scientific, and technological confines.16

6.4.4  Two competing criteria

As mentioned earlier, Elder sometimes draws on the notion of “model independence” 
to make the distinction, and sometimes she draws on the notion of “intervention.”

Consider, for example, the following two quotes:

While there may be an element of convention in the choice to treat the tele-
scope, but not the Hulse–Taylor binary, as a detector, this choice is not arbitrary. 
Rather, it is based on the interventions (e.g., calibration and coherence testing) 
that we can perform to justify our confidence in treating its output as repre-
sentative of some parameter of interest in the target system (Elder, 2025, p. 9, 
emphasis added).

Thus, the epistemic benefits of being a direct detection as stated above do not 
apply; when we focus on the role of the LIGO-Virgo interferometers in observ-
ing compact binary mergers all of the relevant inferences must be justified 
using models of a distant target system (Elder, 2025, p. 10, emphasis added).

15 See Ahmed (2025) for details about the methodological framework for inferring the source of gravi-
tational waves and the indispensable reliance on meta-empirical observations of the general relativistic 
framework to overcome the challenge of underdetermination of the source.
16 For the historical details of this subsection I have relied on Kennefick (2007).
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Here she considers the observation of a binary black hole (GW150914) to be indirect 
because of model dependence, but she considers the Hulse-Taylor-Weisberg case to 
be indirect because of the lack of intervention on the binary pulsar.

However, it is one thing to say that the observation is indirect because there is 
an intermediate binary system that is not subject to intervention, and another thing 
to say that the observation is indirect because the models of the target system being 
observed are assumed/involved.

If the epistemic distinction is merely concerned with the “nature of justification” 
and this is not arbitrary because it relies on “intervention,” then the observation of 
a binary black hole (GW150914) should be considered “direct" because the black 
hole merger is the observed target system, not an intermediate one. However, Elder 
considers it “indirect" based on the idea of “model dependence.”

Gravitational waves do indeed play the role of messenger between the detector 
and the binary black hole. However, note that if one denies the direct observation of 
binary black holes simply because gravitational waves act as messengers, then one 
should also deny the direct observation of the binary pulsar (not GW) by Hulse and 
Taylor because radio waves act as messengers. Even worse, one would be deemed 
to deny naked-eye observations as direct because photons mediate. I assume that 
we want to avoid such a conclusion. Thus, the observation of binary black holes 
becomes indirect only when the criterion of “intervention” is dropped and “model-
dependence” adopted. However, if intervention is dropped and model-dependence is 
instead used to define “indirectness,” then nearly all observations become indirect, 
and the distinction loses epistemic clarity.

Moreover, remember that Elder considers cases where “data is about visibility” to 
be direct observations:

Even in complex cases involving multiple detectors and measurements, we call 
a detection “direct” when the data are data about the entity we are trying to 
detect — in the LIGO-Virgo case, strain data. In these cases, confidence in the 
detector combined with confidence in the data analysis methods, explains the 
confidence that scientists have in the detection (Elder, 2025, p. 10).

Take another look at the exoplanet example I presented in Section 6.3. As discussed 
earlier, the data in the exoplanet example is about visibility, and it is a representation 
of the source. It is true that resolving the entire “Einstein ring” in one image requires 
sophisticated algorithms and relies on the Sun as a giant lens. However, there is no 
need to assume the theoretical model of the source (the exoplanet). It is also true that 
we need to make inferences about the intermediate system (solar lensing), but these 
inferences are not based on theoretical models, and furthermore, models of solar 
lensing are not models of the source, they are based on robust empirical facts about 
gravitational lensing. It follows that using Elder’s “model independence” criterion, 
the detection is direct. However, as discussed earlier, the detection is indirect using 
Elder’s “intervention” criterion. This is because we cannot intervene in solar gravita-
tional lensing (SGL) to include it in the detection system.

According to Elder’s account, it does not seem possible to drop one of these two 
competing criteria, namely model independence and intervention. Each is needed to 
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account for different aspects of the distinction. The intervention criterion is needed 
for the claim that the definition of the detector is not arbitrary (methodology), while 
model independence is needed for the epistemic claim (epistemology). This analysis 
suggests a tension between the epistemic and methodological contrasts in a single 
case study.

7  Conclusion

The scientific and philosophical literature on observation is replete with the use of the 
qualifiers direct and indirect to distinguish observations methodologically and episte-
mologically. However, scientific and technological developments have increasingly 
forced proponents of the distinction to reconsider and reformulate the basic tenets of 
the distinction under new guises.

The main idea I have articulated in this paper is that perhaps this time we need to 
reconsider the distinction altogether, without beginning to think about how to refor-
mulate the tenets. This seems to be helpful in understanding that even if the distinc-
tion is methodologically defensible, it seems to have no epistemic bite, and even to be 
alien to the actual epistemic justification of scientific observations. It might be better 
to focus on the epistemic dimension of the concept of observation. This requires an 
analysis of the context and circumstances in which the observation is made in order 
to determine its epistemic significance.
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