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Let’s start diggin’ Mother Earth

Why is it important for the general public to gain some understanding of Earth Science?

Figures 1a and 1b. Figure 1a (left): The “Blue Marble” image, taken by astronauts, 07-12-1972. Source:
http.//nix.larc.nasa.gov/info;jsessionid=13gh 1dewxfdi2 2id=GPN-2000-001138&orqgid=12 (site visited 10-01-2011).
Figure 1b (right): Presenting the world. Source: http./members.greenpeace.org/blog/qreenpeaceusa _blog/2010/04/
(site visited 02-08-2010).

Recall the famous “Blue Marble” Earth image of South Africa and Antarctica, taken by the
Apollo 17 astronauts, on the 7t of December 1972 (Figure 1). The world got its first full view
of our planet from space. It is a symbol that anyone in the world can relate to, regardless of
nationality, ethnic origin, or religious beliefs. It is therefore a unifying image of the world and a
symbol of the possibilities of science. However, the image of the world and of science has
changed a lot through the centuries.

Until the seventeenth century, science was mainly an activity for philosophers and artists. The
philosopher Aristotle (384 — 322 BC) was one of the first to aim to systematically classify the
animal system. The artist Da Vinci (1452 — 1519) was an architect, inventor, philosopher,
scientist, writer, and painter in one. Finally, the scientist Newton (1643 — 1727), a classic
example of a scientist, was also a philosopher, artist, astrologer, and alchemist. They all
combined several disciplines in their work.

In the seventeenth century scientists from the upper class and technicians from the middle
class started working together. The first instruments appeared and experiments were
introduced to test the theories.

During the first half of the twentieth century, around 1930, philosophers of science and
scientists started to define science. The logical positivists of the Wiener Kreis argued that all
scientific disciplines must have the same theoretical structure. According to them, science
had to be able to be empirically verified. The philospher Popper (1902 — 1994) added that
science had to be falsified. Famous scientists, such as Einstein (1879 — 1955) and Planck
(1858 — 1947) did their big discoveries around the same time. Scientists started to specialize
and focus on one discipline. Until 1970, the classical science operated as the example of
what science should be: an attempt to truthful representation of facts.



Towards the end of the twentieth century, science found a place in modern society and
became a part of the culture. More people went to universities and communication channels
developed rapidly. Different scientific disciplines improved their communication with each
other. Earth Science is just one example of a scientific area that consists of different
disciplines and use theories from mathematics, physics, and chemistry. Interdisciplinary
science found its way back into society.

Earth Science is an example of an interdisciplinary science. It combines physics,
mathematics, chemistry, and biology. To understand the processes of the Earth, geoscientists
look for evidence of what happened in the past. Even though only a few scientists understand
these earth-scientific processes, an enhanced understanding of the environment by the
broader public is important in our day-to-day lives.

We are all connected to the Earth and dependent on her resources. Growing populations
increase our demand on natural resources. We currently have a severe impact on the Earth,
her ecosystem, and thereby ourselves, by extracting and using these resources in
unsustainable ways. We are also vulnerable to natural disasters such as floods, earthquakes,
volcanic eruptions, and hurricanes, which can kill large numbers of people. Other disasters
are not immediately obvious, such as climate change, or the acidification of the oceans. If we
want to set a sustainable life standard for the world, we need to know more about our planet,
find out how she works, appreciate her fragility, and understand the interactions of the many
processes in the Earth.

Earth-scientific knowledge enables us to make informed decisions about important issues,
such as the use and management of natural resources, recycling (e.g. understanding what
non-recyclable rubbish waste does to the environment), sustainability (e.g. appreciating the
risks of extracting oil has on the environment), and housing (e.g. awareness of zones at risks,
like living near an active fault and not building on a 100 year floodplain).

In this thesis | will argue that earth-scientific understanding is an integration of embodied and
theoretical understanding and therefore requires more than just the communication of factual
knowledge. It involves insight in the processes and procedures as well as a practical
approach. | will argue that there is no difference in the process of acquiring scientific
understanding by laypeople, students, and scientists. The public can gain understanding of
earth-scientific issues through the same tools as scientists.

| will argue that teaching procedural understanding stimulates the students to seek out
evidence, deal with uncertainty and risk, access, apply, and use the relevant conceptual
knowledge to critically evaluate related evidence. In order to avoid an overload of information,
the focus should be on learning how to access the relevant and reliable factual knowledge, for
example though the internet, when they are motivated to do so. Therefore, | will argue that
these tools should be used in the communication and education to laypeople, and not just to
students, while presented at age-and grade-appropriate levels.

With this thesis | hope to contribute to the improvement of earth-scientific communication, in
order to enhance earth-scientific understanding of the public.



Project Description

There seems to be little geological understanding by the public, such as the (lack of)
knowledge that geological events often happen on longer repeat times than society
remembers. There is a decline of interest of young people in pursuing scientific careers
(Department of Education, 1994). The Dutch public only has a vague notion of what science
entails: 36% is not capable to describe science, 43% never reads about science, 47% never
watches a scientific program, and 28% believes they are badly informed (Becker & Van
Rooijen, 2001).

From surprised reactions of laypeople to natural disasters it appears that just showing
scientific results is not enough to convey scientific understanding to the public. Earth-scientific
explanation consists of more than just stating the facts. Science has her own language, with
precisely defined concepts; so that scientists can easily and precisely communicate with each
other (Van Woerkum and Van der Auweraert, 2004). Unfortunately, this language is not
shared between scientists and the public (Van Woerkum and Van der Auweraert, 2004). The
public does not understand the scientists, but scientists do not understand the public either
(Knoop, 2004). However, this dialogue is important, in order to mobilize the community
support for unpopular measures to resolve misunderstandings.

It is therefore essential to investigate how science communication might be improved. When a
scientist is able to explain a research to a broad public, the content may lose in precision, but
gains in societal relevance (Van Woerkum and Van der Auweraert, 2004). It may be
impossible to align scientific language to common language (Van Woerkum and Van der
Auweraert, 2004), in order to enhance the scientific understanding of the public, but we might
be able to improve science communication.

My aim with this thesis is to investigate how earth-scientific communication may be improved,
in order to enhance earth-scientific understanding of the public. By analyzing earth-scientific
understanding and the communication of earth-scientific explanation, | aim to gain a better
insight in the process of understanding, for both scientists and laypeople, and to further
develop the notion of understanding within the Earth Sciences.

Finding an answer to this research question requires elaborating on a number of sub-
questions first:

- What is earth-scientific explanation? (Chapter 1)

- What is earth-scientific understanding? (Chapter 2)

- How does an earth-scientist gain earth-scientific understanding? (Chapter 3)

- How do people reach understanding? (Chapter 4)

- How can earth-scientists communicate their understanding? (Chapter 5)

This research is based on the newest insights in the philosophy of science, psychology, and
science communication, and builds on an extensive literature study. All three disciplines have
something to say about how people learn and understand science. Philosophy of science
aims to define scientific explanation and understanding and how scientists use and gain it.
Psychology investigates the individual learning processes. Science communication involves in
the communication of science to a specific target group. | do not intend to provide a complete
overview of the existing literature on the philosophy of (earth-) science, psychology, or
science communication, nor alter practices to a single approach or guarantee some sort of
truth-value. However, | did test my recommendations during my internship at the Museon,
while working on an earth-scientific exhibition and giving related classes to 10-12 year olds.



Summary

Earth-scientific knowledge enables us to make informed decisions on the use and
management of important natural resources such as, recycling (e.g. understanding what non-
recyclable rubbish waste does to the environment), sustainability (e.g. appreciating the risks
extracting oil has on the environment), and housing (e.g. awareness of zones at risks, like
living near an active fault or not building on a 100 year old floodplain). If we want to set a
sustainable life standard for the world, we need to know more about our planet, find out how
she works, appreciate her fragility, and understand the interactions between the many
processes of the Earth.

Unfortunately, there seems to be little geological understanding by the public, exemplified by
the lack of knowledge concerning geological events that happen on longer repeat times than
society remembers. In addition there is a decline in the interest of young people pursuing
scientific careers. From the surprised reactions of laypeople to natural disasters it appears
that just showing scientific results is not enough to convey scientific understanding to the
public. Earth-scientific reasoning is crucial for society to learn, since many issues, such as
global warming and various risk and resource assessments, are based on Earth Science.

The public does not understand the scientists, but scientists do not understand the public
either. Science has her own language, with precisely defined concepts designed for scientists
to easily and precisely communicate with each other. Unfortunately, this language is not
shared between scientists and the public. This dialogue is important in order to mobilize the
community support for unpopular measures and to resolve misunderstandings. It is therefore
essential to investigate how science communication can be improved. When a scientist is
able to explain research to a broad public, what the content may lose in precision, it gains in
societal relevance. However, it may be impossible to align scientific language to common
language, in order to enhance the scientific understanding of the public.

The aim of this thesis is to investigate how earth-scientific communication might be improved
in order to enhance the public’s earth-scientific understanding. By analyzing earth-scientific
understanding and the communication of earth-scientific explanation, | aim to gain a better
insight in the process of understanding, for both scientists and laypeople, and to further
develop the notion of understanding within the Earth Sciences. The analysis is based on the
newest insights in the philosophy of science, psychology, and science communication. It
builds on an extensive literature study and an analysis of the current state-of-the-art of
science museums. Finding an answer to this research question requires elaborating on a
number of sub-questions first:

1. What is earth-scientific explanation?

2. What is earth-scientific understanding?

3. How does an earth-scientist gain earth-scientific understanding?

4. How do people achieve understanding?

5. How can earth-scientists communicate their understanding?

(1) A scientific explanation is a logically valid argument in which the explanandum is deduced
from an explanans, containing at least one universal law and relevant initial and background
conditions. Earth Science combines various logical techniques and her logic results from at
least three complementary logical paths (deduction, induction, and abduction). The method of
Earth Science involves at least two types of scientific explanation: through the reconstruction
of the past and by causal reasoning from the present. In Earth Science there is often more
than one explanation possible of some phenomena (multiple working hypotheses). Even
though each earth-scientific event is unique, earth-scientific phenomena often cannot be



directly observed, and earth-scientific datasets are often underdetermined, a well-grounded
scientific consensus can be reached.

(2) The important difference between understanding and scientific explanation is that for
scientific explanation phenomenon P is explained by theory T, whereas understanding
involves a subject, one who understands phenomenon P by theory T, such as a scientist.
Deriving understanding from an explanation is a matter of ability. Earth-scientific
understanding has a dual nature, containing both theoretical and embodied components.
Combining theoretical and embodied understanding leads to the best earth-scientific
understanding. Earth-scientific explanation is not the same as, and does not automatically
lead to, earth-scientific understanding. However, earth-scientists do gain theoretical earth-
scientific understanding based on earth-scientific explanation.

(3) In order to gain earth-scientific understanding, earth-scientists use a broad suite of tools
such as images, descriptive and interpretive maps, symbols, diagrams, analogies,
simulations, sketches, cross-sections, fieldwork, experiments, and modelling and apply them
to activities. These tools are “developed” through constant intervention in the material world.
Therefore, they are not merely cultural trends or social settings, but say something about
reality. The geo-tools combine theoretical and embodied components. A combination of skill
and relevant tools is essential for achieving understanding. The earth-scientific toolbox
contains at least three categories of geo-tools: objective descriptive geo-tools (such as
images, maps, symbols, and diagrams), subjective descriptive geo-tools (such as sketches
and cross-sections), and geo-tools involving integrated understanding (such as analogies,
simulations, experiments, modelling, and fieldwork). Different levels and forms of
understanding can be acquired from using the same tools, but also different tools might be
used to gain the same understanding. Results may be interpreted in a variety of ways
depending of background knowledge and skills in handling the tools of their users. Objective
descriptive geo-tools are used in the beginning phase of earth-scientific research and require
little theoretical background. Understanding is enhanced by, or even partly consists of,
visualization. Subjective descriptive geo-tools are generally included in the preparation of
geological fieldwork and used during the fieldwork itself. They are based on objective
observations, but personally drawn. Theory stops being merely a premis and developing new
theory becomes a goal with the geo-tools that require integrated understanding. These geo-
tools provide earth-scientists and students with a feeling for the protocols, research
techniques, and procedures during simulations. They also permit a greater understanding of a
theoretical structure. Each discipline may prefer their own tools for achieving understanding.

(4) The process of learning differs per individual. Not only does it differ between certain
disciplines which geo-tools are used in the process of learning and achieving understanding,
it also depends on the person who uses the geo-tool. In order to learn, all the domains should
be encountered on. Most laypeople and students learn Earth Science by doing, combining
both content and method, where some are more visual ; others are more logically orientated.
Earth Science includes opportunities for discovery and exploration, data collection and
analyses, verification or falsification and conclusions that must be well grounded and argued,
i.e. the methodology of Earth Science. When connecting the geo-tools and the steps as
examples of geological research to the (dominant) learning processes, it becomes clear that
geological research passes several stages in the learning circle and cognitive processes, and
encounters several intelligences. Understanding of earth-scientific issues by the public can be
gained through the same tools that scientists are using. Scientists and students are just
people with a specific interest. The difference is that earth-scientists have practiced their skills
to handle the tools in more depth and can refer to other investigations and background
information. They simply know more in their domain of expertise, and can work faster and



more efficiently, with this knowledge. The choice of method for achieving earth-scientific
understanding is based on personal learning style and preferred intelligence. Scientists do not
differ from other people. The public can reach earth-scientific understanding in the same way
earth-scientists do. The same level of understanding can be reached when they have the
same frame of reference, skills, and theoretical background.

(5) It is required in the scientific community to communicate acquired scientific understanding
in order for other scientists to acquire the same insight. When communicating and teaching
earth-scientific explanation, the focus should be on the process of doing earth-scientific
research, using the geo-tools. Earth-scientists should transfer their understanding, rather than
merely their factual knowledge. Note that scientific communication and education is based on
the pragmatic use of explanation. It differs from scientific explanation in that the pragmatic use
of explanation entails that it has an explanans (i.e. theory), an explanandum (i.e.
phenomenon), and an explainer. Explanation in the pragmatic sense is a relative notion. It is
personal and subjective. Earth-scientific communication and education should focus on
research and presenting the knowledge in an inspiring way and presenting it at age and
grade-appropriate levels, so that laypeople acquire the tools. Since understanding involves
collecting and connecting new knowledge to the existing frame of reference, this is likely to be
more efficient for science communication than just “communicating” the factual knowledge.
Earth Science is best taught through fieldwork, in combination with theoretical knowledge.

More knowledge does not automatically improve scientific understanding. Earth-scientific
understanding is more than just knowledge of facts and theories; it involves skills and
embodied knowledge as well. In scientific communication, we should not present science as a
ready-made package. In order to avoid an overload of information, the focus should be on
learning how to access the relevant and reliable factual knowledge, for example though the
internet, when the public is motivated to do so. These channels are highly improved. By
reducing conceptual knowledge in the curriculum, there can be more focus on the process of
doing research (deep and procedural understanding) and the validity and reliability of
evidence. By using a deeper approach with students, (pragmatic) explanations become more
advanced and the questions become more focused on explanations and causes. Teaching
procedural understanding stimulates the students to seek out evidence, deal with uncertainty
and risk, access, apply, and use the relevant conceptual knowledge to critically evaluate the
evidence.

Explaining the process of doing earth-scientific research and accompanying laypeople to help
them use and acquire the geo-tools are the best ways to communicate Earth Science and
enhance earth-scientific understanding of the public.
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Figure 2. “The Thinker’, by Auguste Roden in 1880, sitting on the Earth. The statue is often used as a symbol to
represent philosophy. Source: http://www.abelramirez.com/Gallery.html (site visited 10-01-2011).




Chapter 1 Earth-Scientific Explanation

1.1 Introduction

In this chapter | will provide the definition of Earth Science and aim to answer the first sub-
question: What is earth-scientific explanation? | will search the answer in the philosophy of
science. | will discus two types of earth-scientific explanation: through the reconstruction of

the past and by causal reasoning from the present.

1.2 Scientific Explanation

Hempel constructed an objective, non-pragmatic, concept of scientific explanation. According
to Hempel, a very good scientific explanation is a logically valid argument in which the
explanandum is deduced from an explanans, containing at least one universal law and
relevant initial and background conditions (Hempel, 1965). Phenomenon P is scientifically
explained by means of explanation E (Hempel, 1965).

Scientific explanation may result from at least three complementary logical paths (Figure 1.1):
(1) Deduction
(2) Induction
(3) Abduction

An earth-scientific explanation depends for a part in deduction (Frodeman, 1995). Deduction
reasons from the general (i.e. laws of nature) to the particular (i.e. explanation or prediction)
and is based on syllogisms. It is a solid form of logic, but the premises must be truthful.

Major premise (general) : All basalts (A) are magmatic rock (B).
Minor premise (subject) : Gabbro (C) is a basalt (A).
Conclusion (particular) : Gabbro (C) is a magmatic rock (B).
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Figure 1.1. The diagram shows the relation between abduction, deduction and induction. Several alternative terms
encountered in literature are given. Each form of logic has its own weaknesses and strengths (Kleinhans et al, 2010).
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Induction reasons from particular instances to general theories and is the method used to
confirm scientific theories. Facts are determined by repeated observations. It develops
statistical generalizations. For example, new layers of sand form on top of older layers of
sand (particular). If the ground is not turned around, the top layer is always younger than the
bottom layer (generalisation).

Finally, abduction is a method to select hypotheses from observations, rather than conclusive
explanations (Lipton, 1991). It combines final conditions and facts with laws or generalizations
of nature into new theories. For example, Wegener (1912) observed the possible connection
of Africa and South-America. He found the same glassier imprints on different continents.
Locations and directions of old glaciers fitted perfectly. He observed the same for fossils of
animals that could never have crossed the oceans and found the same sequences of rock
types. Wegener came up with the hypotheses of plate tectonics. This explanation is a
reconstruction of the past and involves causal reasoning.

A good scientific explanation is required when you are attempting to specify a (objective) kind
of understanding, fitting a phenomenon into a broader theoretical framework (De Regt, 2009).
Scientific explanations go beyond the original explanadum (phenomenon) by providing an
explanans (theory) for the explanandum, showing how the original explanadum follows from
the explanans, and integrate it with other explanada (Brewer et al, 1998). Scientific
explanations must be testable (Brewer et al, 1998) and concern both universal and statistical
laws (De Regt and Dieks, 2005). Universal laws are general principles, derived from
observation of regularities in reality. Given an initial set of premises, universal laws are
applied to these to deduce an outcome logically. Statistical laws do not guarantee a certain
outcome, because we do not understand the mechanisms involved.

In this thesis, | distinguish scientific explanation from pragmatic explanation. Pragmatic
explanation involves the communication of a scientific explanation tot non-specialists. The
pragmatic use of explanation entails that it has an explanans (theory), an explanandum
(phenomenon), and an explainer. The pragmatic explanation depends on the explanatory
skills of the explainer and is preferably adapted to the learning style of the other person. The
same explanation may not be intelligible, illuminating, or relevant, to another person.
Therefore, explanation in the pragmatic sense is subjective. | will elaborate on this type of
explanation in upcoming chapters.

1.2.1 The Definition of Earth Science

According to James Hutton, one of the founding fathers of Earth Sciences, earth-scientists
aim to form a rational opinion of the course of nature and events that have happened in the
past or going to happen by examining the appearances of the Earth (Hutfon, 1785, in
Kleinhans et al, 2005). From the principles of natural philosophy, we may arrive at some
knowledge of the order and system of this globe. Charles Lyell formulated that the present is
the key to the past (Lyell, 1833, in Kleinhans et al, 2005), which is perhaps the biggest
assumption of earth-scientific research. Rachel Laudan described two main goals of Earth
Science: historical and causal (Laudan, 1987, in Kleinhans et al, 2005). Earth science should
describe the development of the Earth from its earliest beginnings to its present form and lay
out the causes operating to shape the Earth. In other words, earth scientists study the
structure, the phenomena and processes, and the history of the Earth (Kleinhans et al, 2005).

The activities and the practice of Earth Sciences involve philosophical decisions, whether

implicit or seen as part of the tradition and/or training associated with a particular scientific
field or discipline methodology (/nkpen, 2005). Earth-scientists do not take the world for
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granted; they question what they are looking at. This is a philosophical method and
understanding the philosophy of science is relevant for understanding the development of
science and scientific methodology (/nkpen, 2005). While studying the Earth, earth-scientists
aim to describe and explain the (history of) mostly, but not exclusively, inanimate processes
on Earth, and earth-like planets, and, when possible, predict future phenomena (Kleinhans et
al, 2005).

The method of Earth Science involves two types of scientific explanation (Kleinhans et al,
2005):

(1) Reconstruction

(2) Causal reasoning

1.2.2 Reconstruction

A reconstruction consists of narrative of the actual sequence, drawn from the abduction from
an earlier situation. The narration of the actual sequences is the historical aim of Earth
Science. However, since reconstruction draws from the abduction from an earlier situation,
earth-scientists often use the term “theory” in cases of hypothetical historical events
(Kleinhans et al, 2005).

Earth-scientists have two methodological strategies in order to work with these abductions
(Chamberlin, 1890):

(1) Inference to the best explanation

(2) Multiple working hypotheses

Unlike more fundamental science, Earth Science is characterized by explanatory pluralism,
which entails that there are more explanations possible (multiple working hypotheses). These
so-called theories are often empirically, but not logically, equivalent: they cannot be true at the
same time (Kleinhans et al, 2005). It may never be known whether the best scientific
explanation is also the one and only true scientific explanation, besides the fact that
explanations accumulate over time. Perhaps the true one is not discovered yet (Lipfon, 1991).

In Earth Science, the concept of parsimony is used, which is the power of the simplest
explanation to explain a phenomenon (Kleinhans et al, 2005). For example, when the oldest
layer is on top, instead of the youngest layer, the earth-scientist chooses the simplest
explanation, which is that the ground has turned over once instead of trice (inference to the
best explanation). The best theories are selected according to their consilience, simplicity,
and analogy, i.e. simplicity x consilience = value (Thagard, 1988). A theory is more consilient
when it explains more facts and simplicity requires the least assumptions and hypotheses
necessary in order to explain the theory.

1.2.3 Causal Reasoning

Causal reasoning draws from the deduction from the present situation, based on the
assumption that the present is the key to the past. The deduction from present situation,
instead of abduction from the past, involves causal reasoning (Hempel, 1965). There is more
to the narratives than merely description. It involves a causal space-time description of events
and processes (Salmon, 1984). In general, theories or narratives in Earth Science explain the
geological phenomena by the integration of robust-process explanations, actual-sequence
explanations, observations, and background theories (Kleinhans et al, 2005).

1



1.3. Difficulties for Earth-Scientific Explanation

Kleinhans summarizes some of the major difficulties in Earth Science (Kleinhans et al, 2005).
1. The timescale involved in shaping the earth is several orders of magnitude larger
than the life of human observers of even written history. It is therefore problematic to detect
and observe the long-term effects of slow processes that might be extrapolated to the past.

2. Many earth-scientific processes cannot (yet) be observed directly of even indirectly
(deep-mantle convection, landforms, sediment deposits, erosion, mountain building, flooding)
3. Many processes are intrinsically random or chaotic, and may be very sensitive to

initial conditions. Complex systems involve an infinite number of possible laws and initial
conditions. Noise and chaos lead to a certain uniqueness of earth-scientific phenomena:
exact duplications of events are seldom, and the probability that a phenomenon would occur
or happen precisely the same the next time, is near zero.

The difficulty with earth-scientific explanations is that all events are unique to some extent,
contrary to physical processes such as C14 decay. This process is exactly the same for all
14C atoms. Unique events are not recurrent: their significant properties are not shared by any
other event or they are too chaotic and complex for effective comparison with other events
(Tucker, 1998). Therefore, explanations of unique events are radically underdetermined,
because any theoretical background that is relevant for their explanation is underdetermined
(Tucker, 1998).

Earth-scientists seldom possess all the data necessary to give a complete reconstruction
(Frodeman, 1995). A complete causal explanation is impossible in practise, if not in principle
(Kleinhans et al, 2005). Earth-scientists are forced to fill in the unknown parts of the causal
explanation (Frodeman, 1995). The uniqueness of events may require outrageous
explanations (Davis, 1926), such as Wegener's concept of plate tectonics. Due to
underdetermination problems, earth scientists often cannot provide ideal, complete causal
explanations. However, well-grounded consensus on a historical narrative endorses real
knowledge of the past, providing that the group that shares a consensus on beliefs should be
based on scientific grounds, uncoerced, i.e. without social pressure, heterogeneous, and
sufficiently large (Tucker, 2004).

As well as for reconstruction as causal reasoning, it is necessary in Earth Science to simplify
for grids, discrete time steps, maps, diagrams, and models. According to Friedman, scientific
theories provide understanding by unifying other theories and/or phenomena, relating (or
reducing) unfamiliar phenomena to familiar ones, without imposing demands on the form of
theories (Friedman, 1974). Kitcher adds to this the importance of seeing connections,
common patterns, in what initially appeared to be different situations (Kitcher, 1981).

Unfortunately, earth-scientific principles cannot be reduced globally, because there are too
many exceptions. All earth-scientific “laws” differ from the laws of physics and chemistry in the
sense that their validity is less universal and more tied to the specific constellation of the
planet in question. Even though specific earth-scientific laws can be reduced to physics or
chemistry, the theories are typically hypotheses about unobservable (past) events or
generalized, but not universally valid, descriptions of interwoven processes (Kleinhans et al,
2005).

12



1.4 Conclusions

Earth Science combines various logical techniques and her logic results from at least three
complementary logical paths (deduction, induction, and abduction). The method of Earth
Science involves at least two types of scientific explanation: through the reconstruction of the
past and by causal reasoning from the present. In Earth Science there are usually more
explanations possible (multiple working hypotheses) and the simplest explanation is often
chosen as the best explanation (parsimony). Even thought each earth-scientific event is
unique, earth-scientific phenomena often cannot be directly observed, and earth-scientific
datasets are often underdetermined, a well-grounded scientific consensus can be reached.
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Chapter 2 Earth-Scientific Understanding
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Figure 2.1. Graphic by Doruk Golcu. http.//selections.rockefeller.edu/cms/science-and-
society/bridging-the-gap-improving-science-communication.html (site visited 04-08-2010).

2.1 Introduction

The important difference between understanding and scientific explanation is that in scientific
explanation phenomenon P is explained by theory T, whereas understanding involves a
subject, such as a scientist.

In this chapter | aim to answer the second sub-question of this thesis: What is earth-scientific
understanding? | will search the answer in the philosophy of science. | will elaborate on the
criteria for scientific understanding, study theoretical and embodied understanding, and pose
a critical point of view on the feeling of (apparent) understanding.

2.2 Scientific Understanding

Not all philosophers of science agree on the definition of scientific understanding. According
to Aristotle (384 - 322 BC), a scientist understands an explanation, and thereby the
phenomenon to which the explanation applies to, when the arguments and data that support
the explanation are known. He states that having a scientific explanation is the same as
having acquired scientific understanding. Dilthey (1833 - 1911) was one of the first to make
the distinction between scientific explanation and understanding. According to Hempel,
understanding is a just by-product of scientific explanations, implying that possessing
explanations automatically leads to understanding the phenomena to which those
explanations apply (Hempel, 1965). However, Leonelli argues that gaining understanding
through explanations does not happen automatically, but is a cognitive achievement in its own
right (Leonelli, 2009). To know something does not only mean comprehending it, but involves
skill (De Regt et al, 2009). According to Salmon, knowledge of causal relations is crucial to
scientific understanding (Salmon, 1984). This is because causal processes, causal
interactions, and causal laws provide the mechanisms by which the world works; to
understand why certain things happen, we need to see how they are produced by these
mechanisms in order for the theory to become intelligible (Salmon, 1984).

The variation in types of understanding calls for a different approach for defining scientific

understanding. There are different methods to gain understanding (De Regt et al, 2009).
Therefore, De Regt and Dieks formulated criteria for scientific understanding.
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2.2.1 Criteria for Scientific Understanding

« Criterion for Understanding Phenomena (De Regt and Dieks, 2005):
“A Phenomenon P can be understood if a theory T of P exists that is intelligible and meets
the usual logical, methodological and empirical requirements”.

A scientific theory may be considered unintelligible by some (in one scientific communication,
at one time), but can also be regarded intelligible by others (or another time). Intelligibility is
defined by De Regt as “the value that scientists, or a group of scientists, ascribe to the
collection of qualities of a theory, in one or more of its representations, that make the use of
the theory possible for building models” (De Regt, 2009). Theories may become more
intelligible when we become more skilled in working with them (De Regt and Dieks, 2005).

« Criterion for the Intelligibility of Theories (De Regt and Dieks, 2005):
‘A Scientific Theory T is intelligible for scientists (in context C) if they can recognize
qualitatively characteristic consequences 