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ABSTRACT. The current understanding of the articulation between
the-ory construction and experimental observation is still strongly
influenced by the way it is instantiated in Physics. In the last dec-
ades, however, the upsurge of molecular Biology has provided a dif-
ferent framework and a source of novel insight. A discipline with
openly explanatory and pre-dictive goals, molecular Biology relies
to a large extent on quantitative experiments. In this paper | explore
the merit of the distinction between “data” and “phenomena” origi-
nally proposed by Bogen and Woodward (1988) as applied to mo-
lecular Biology, and I argue that it provides a useful tool for under-
standing the epistemology of modern experimental Biology.

KEYWORDS: Epistemology, experiment, theory-ladenness, data-phenomena, bi-
ology

1. Introduction

In a seminal paper of 1988, Bogen and Woodward initiated the field of phi-
losophy of data analysis. They proposed a distinction between data, the im-
mediate result of observation, and phenomena, underlying structures that me-
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diate between empirical observations and scientific theories. Their proposal
promoted a reflection in the philosophical community that eventually resulted
in a deeper understanding and articulation of the relation between theory and
experiment.

Molecular Biology is fast becoming a strongly quantitative discipline, in-
creasingly involving the analysis of large datasets from biological experi-
ments in a fashion fairly similar to Physics -even though with potentially im-
portant differences as will be pointed out later. In this paper, | want to argue
that the distinction proposed by Bogen and Woodward (hence BW) provides a
useful key to understand the role and interpretation of experiments in modern
biology; in addition, I claim that current developments in experimental biolo-
gy, namely high-throughput experiments, provide an interesting case that goes
further in support of BW’s point.

The paper will proceed as follows: | will at first briefly recapitulate the
point made by BW about the data—phenomena distinction, together with some
critiques to their position. | will then discuss the relevance of the data—
phenomena distinction to modern Molecular Biology, drawing on a recent pa-
per by Napoletani et al. (2011). In closing, | will present a case study, an ex-
periment in quantitative proteomics, in support of the view that I put forward.

2. The Data-Phenomena Distinction and Its Critics

Bogen and Woodward claim that there exists a level of analysis of experi-
mental results that is theory-free in a relevant sense. The phenomenon is, in
BW’s idea, derived from the results of observation by making use of a set of
substantive empirical assumptions. However, and importantly, the assump-
tions involved in deriving phenomena from data do not depend on the theoret-
ical body that the experiment is meant to put to the test. Statistical analysis of
a body of data, to extract its most salient features, is a typical example of the
operation in point. By separating phenomena from data, BW achieve the iso-
lation of phenomena as the stable candidate for explanation and prediction
that can be derived or constructed out of intrinsically unstable observational
results. Furthermore, the introduction of phenomena as mediators between ob-
servation and theory results in a partial weakening of the problem of theory-
ladenness of observation. The positivist position that BW were challenging

! A state-of-the-art overview is provided by Morgan and Morrison (1999)
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viewed observation as a single entity, in direct relation to theory that is sup-
posed to predict and explain what is observed. BW’s distinction separates ob-
servation into two very distinct stages, of which only one, the level of the
phenomenon, is in direct relation to theory. Since, according to BW, the step
of construction of phenomena from data is theory-free in the sense discussed
above, theory-ladenness is a problem that does not affect the whole process of
observation, but only part of it: namely, the step of putting phenomena in rela-
tion with theoretical entities.

Bogen and Woodward’s picture has been challenged on the grounds that
no extraction of a pattern from experimental data is as free of reference to the
theo-retical framework as BW like to think. From one side, McAllister (1997,
2010) has issued a constructivist critique by showing that what counts as “pat-
tern” in a set of data is unavoidably determined by preconceptions and inter-
ests of the measuring scientist. Along a different line, Harris (2003) has ar-
gued that what BW call “phenomenon” seems to stand for a model of data in
the sense of Suppes (1962), a construct that contains the most salient features
of a body of data. If this is the case, then the kind of manipulation that data
are subjected to responds to theoretical objectives and it is influenced by theo-
ry-laden assump-tions, such as for example specification of the mathematical
function that has to be used to fit a population of data.

The two critiques to BW data—phenomena distinction outlined above ap-
pear to deny that the distinction is a fruitful one. If phenomena are interest-
dependent qua patterns, or they are theoretically laden qua models, the issue
of theory-ladenness of observation is neither dispelled nor alleviated by the
introduction of the distinction. In the following my aim is to to bring an ex-
ample from molecular biology to show that the space for theory-free construc-
tion of phenomena is actually wider than what is acknowledged by both Har-
ris and McAllister, and this is in fact quite in line with the picture delineated
by Bogen and Woodward.

3. Data and Phenomena in Molecular Biology

Molecular biology has become in recent years a data-heavy scientific disci-
pline. Along with more traditional experiments aimed at dissecting individual
mechanisms, so called high-throughput experiments are designed and per-
formed. These are extensive assays aimed at collecting large amounts of quan-
titative in-formation on the system under study. Statistical and computational
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techniques are developed to deal with the large datasets and to detect patterns
in the data.

These patterns are certainly a target of interest for the biologist, but they
are not interest-dependent in McAllister’s sense, since no interest-loaded in-
formation goes into the pattern-detection algorithm. Before moving on to my
case study that will help clarify this claim, I will spend some time introducing
and discussing the notion of “agnostic science” as introduced in a recent paper
(Napoletani et al., 2011). In this article the authors identify what they think is
a novel perspective or trend in data analysis that is emerging typically -though
not solely- in the kind of large molecular biology experiments described
above. As pointed out, the analysis and interpretation of data from high
throughput experiments rests essentially on statistical techniques and learning
algorithms in order to screen for patterns in the data. Napoletani et al. contend
that the patterns identified in this manner do not correspond to models of data
in Suppes’ sense. They do not deny that biological theories do play a part in
building the experiment and providing the data; what they claim is that the
statistical and computational techniques that are used to interpret the results of
high-throughput experiments do not have a modelling role. The tools of statis-
tics and computation are often applied to the data without the underlying con-
viction that real features of the object are being represented and modelled.
Quite the contrary, the scientist is “agnostic” about the structure that is re-
vealed by the high-throughput experiment, as she approaches it with a limited
set of assumptions. From this discussion it follows that, just as much as the
phenomena extracted from high-throughput experiments are not interest-
dependent patterns in McAllister’s sense, they seem not to be theory-
dependent models in Harris’ sense either.

| turn now to a typical technique in the new experimental biology, mass
spectrometry for proteomics, in order to examine in more detail how “agnostic
science” works, and the relation it bears to the data-phenomena distinction we
started from.

4. A Case-Study: Mass Spectrometry of Proteins

Quantitative Mass Spectrometry using stable isotope labelling (SILAC-MS) 2is a
fairly novel technique that allows for the detection and quantification of pro-

2 see Mann (2006)
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teins contained in a cell. Since the quantification is a relative one, this tech-
nique provides a way to compare two expression profiles, as for instance of
normal and tumour cells, in search for differences in the quantity and type of
protein they synthesize. The readout from the experiment is a set of numbers
that represent, for every protein, its ratio of abundance between the two types
of cells. If all proteins were expressed at the same level in both kinds of cells,
the ratios would be expected to be narrowly distributed around one. Differen-
tial expression of some protein between populations of cells is identified as an
outlier in this distribution of ratios. The technique of statistical significance
test is used to discriminate real hits from proteins that show a difference in
expression just by chance. This relies mainly on a feature of the data popula-
tion, the variance of the distribution: a large difference may not be significant
if the variance is also large, while a small difference coupled with a very
small variance could be significant.

There are a few highlights to the kind of experiment described above. As a
first thing, it is evident that no biological information is used to discriminate
the differential responders, and the statistical factors that play a role are unre-
lated to the theoretical frame of reference. This is in line with BW’s account:
“The scientific and methodological problems that arise in connection with the
example are problems of data-analysis and statistical inference” (p. 310)

There is a second, and possibly more relevant sense, in which the example
above might serve to illuminate the theory-free level of data analysis postulat-
ed by BW. This is the observation that the statistical assumptions do not have
any modelling function in this example. In other words, the statistical treat-
ment that is applied to the quantitative mass spectrum rests only on statistical
assumptions about the distribution of the ratios. To adopt a particular statisti-
cal model does not entail the commitment to any hypothesis on the biological
role of the proteins that are being detected; for what matters, the same proce-
dure can be applied to totally different experiments involving completely dif-
ferent entities, for example in a medical trial aimed at detecting differential
response to a treatment in two population of patients. As pointed out by Napo-
letani et al. (2011) “data are chosen and measured according to a basic de-
scription of a certain phenomenon, but no theory [...] is available for trans-
forming them in a model in Suppes’ sense” (p. 11).

The two highlighted points suggest that the distinction data and phenome-
na as Bogen and Woodward propose it is useful to dissect the way high-
throughput experiments are designed and analysed. If we consider, along with
McAllister, phenomena to be observer-dependent patterns that are influenced
by the scientist’s aims and interests, we are not able to understand a relevant
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part of how biologists successfully use algorithms and statistical techniques to
identify patterns in mass spectrometry -and high-throughput- data. On the
other hand, if we conceive of phenomena as data models in Suppes’ sense we
are also missing a part of the story: according to Harris, data models provide
an organization of the data informed by theory, but this is not what happens
with the statistical models that allows the biologist to identify differentially
expressed proteins.

5. Conclusion

With the help of the case study proposed, it is possible to see that the level of
statistical analysis represents a novel and interesting point of view to under-
stand high-throughput experiments in modern biology. The treatment that is
applied to data is not laden by reference to the theoretical background, nor it
has the objective to model or isolate a theoretically-related feature of the ex-
perimental object. In conclusion we see that, on one hand, Bogen and Wood-
ward’s data-phenomena distinction provides a useful tool for understanding
the goal and methods of modern experimental biology. On the other hand, the
case of high-throughput experiments seems to support the idea that the dis-
tinction that Bogen and Woodward make is a tenable and a fruitful one.
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