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Preface to the Second Edition

This second edition of Aging Research - Methodological Issues is presented after 3
years of our first appearance. Drivers of the first edition are the same for this second
edition and remain as relevant as in the first one. Aging population process repre-
sents the most important demographic issue in the world and particularly in low and
middle economies that are currently facing several challenges in the social, eco-
nomic, welfare, and health services dimensions among others.

The second edition maintains the idea of doing a book with the aim of integrating
crucial features in aging research, such as multimorbidity, frailty, function, cogni-
tion, healthy aging with the principles of research methodology.

With this in mind, this new edition retains the organization and the general struc-
ture of the previous one. The twelve previous chapters were reviewed and updated.
The review of the scientific method is presented again as the first chapter, after the
introduction, and it includes a new discussion about complex systems applied to
human aging. Biomedical research in aging is now written by a team of expert
researchers that introduce new lines of investigation and future perspectives. As in
the previous edition, classical research designs were included in the first chapters,
including descriptive studies, case-control studies, longitudinal studies and clinical
trials as well as systematic reviews, with updated information. Qualitative research
and mixed methods are now presented by international authors with enormous
experience in these topics. Chapter 15 is a discussion about the transference of
health research results into aging policy; focusing in the urgent need of evidence in
all the health systems to make better decisions in the aging field, taking advantage
of what research provides to stakeholders. The discussion about the relationship
between technology and aging was also included, with special emphasis on ubiqui-
tous sensing, a continuously growing field both in engineering and aging.

Six new chapters were included: Chapter 4 dedicated to Geroscience which is a
modern and emerging discipline based on finding connections between the “hall-
marks of aging.” Chapter 12 is focused on health systems research in aging. Health
services have been particularly challenged due to an increase of health demands but
also of a lack of scientific evidence. We are confident that this chapter will improve
the understanding of how societies have to respond to the aging process. Big data



vi Preface to the Second Edition

and data mining are discussed in Chap. 14. Both are powerful tools to obtain infor-
mation that could be used to improve the health status of older people. Ethical con-
siderations in aging research are presented in Chap. 16. This chapter argues that
such exceeding medical research should always be accompanied by an ethical
stance, specifically focusing on aging population. The ethical stance in research
serves to, first and foremost, look to safeguard the dignity of those it researches.
Chapter 17 presents a crucial topic, the process involved with searching for aging
research funding. Very specific key points are presented in order to write and present
a successful grant proposal when focusing on the aging field. Finally, Chap. 18 is
focused on discussion of the future of aging research, and how we need to move
from disease paradigms to understand the person with a holistic perspective.

We have to say that many aspects of this book have not changed. It was written
with several audiences in mind. We hope that under- and post-graduate students who
are interested in aging research for the first time find this book challenging and use-
ful. Senior researchers that have not done research in the area also can find a differ-
ent perspective, and refreshing concepts may be found all over the diverse chapters.

Aging research must be as a top priority of any national research agenda. As in
other medical branches, researchers need to be well trained and prepared; enough
funds and institutional supports are needed to obtain sounding data that has the
potential to impact how older adults are taken care of in all areas of the society.

After all, obtaining results with a standardized methodology will lead in turn to
the formulation of new questions that will continue enriching the ever-growing field
of aging research. We hope that this book will aid in achieving these goals.

National Institute of Geriatrics Carmen Garcia-Pefia
Mexico City, Mexico Luis Miguel Gutiérrez-Robledo
Mario Ulises Pérez-Zepeda
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Chapter 1
The Need for Differentiated Research

Methodology in Aging

Mario Ulises Pérez-Zepeda, Carmen Garcia-Peifia,
and Luis Miguel Gutiérrez-Robledo

Abstract The global phenomenon of population aging has increased the need of
accurate information in the last few years. In order to improve current status of the
older adult’s care, quality information should be generated by standardized research
methodology. Specific issues arise when it comes to aging research, different from
those found in younger stages of life. Having this in mind and how could impact the
older adult will result in a continuous generation of helpful information for evidence-
based decision making in all levels of older adult care.

Keywords Aging - Geriatric research - Evidence-based geriatrics - Older adult
care

1.1 Introduction

It is well known that in the years to come the population group with the highest
growth will be that of the elderly and that this in turn brings with it a specific demand
for health care and in all areas of human activity [1, 2]. Health sciences in particular
face a major challenge to maintain the well-being of older adults, since it is at this
stage of life where to draw on all disciplines, it is essential to be successful. That is,
it is not enough to generate information from a single point of view, it is necessary
to integrate the components of a phenomenon into a single vision, for example:
diabetes mellitus from the perspective of molecular biology can shed light on the
phenomena that occur in this level to give rise to disability in an older adult, but it is
also necessary to know what real impact this disease has at the epidemiological
level, to know the pharmacology of the different medicines, to know the social influ-
ence in the health disease process, to know what elements of technology could
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improve the overall health status of diabetic older adults and once this information
is obtained integrate it to establish action plans for diabetic older adults. This is why
it is necessary to have solid data that allows to have accurate strategies in the short-
est time to achieve this end. The aging process is not synonymous with a decrease
in the function of the human body (or any other living organism), however, it does
bring with it an increase in the frequency of chronic diseases, mainly diabetes mel-
litus and systemic hypertension [3]. Today, one of the greatest health challenges of
this age group is knowing how to age with a chronic disease, what are the effects of
the complications of the diseases themselves, what impact does the long-term use of
medications have, it is the role of chronic diseases in the loss of functionality;
among many other topics in which there is still not enough information to carry out
concrete actions [4]. The most common outcome in recent years has been simply to
carry out the same actions that are used in younger adults, a strategy that is not
effective and in the worst case has been harmful. There are some examples in elderly
Mexicans, where it has been shown that implementing a specific care strategy for
older adults can improve their health status [5].

Disability and the so-called geriatric syndromes is another field with a great
knowledge gap. As previously mentioned, knowing the different perspectives of
these phenomena helps to have global solutions and with less margin of error when
taking into account the elderly with their bio-psycho-social environment and with
less emphasis on the “organicist” vision that Currently prevails in medicine, in other
words, what is good for a kidney is not necessarily good for the heart.

There are two problems of particular attention in the health of older adults:
dementia and frailty. Dementia is better known today and many of the resources in
research are currently being devoted to its study, however it remains a condition
with a high burden for those who have it and particularly for their family and social
environment [6]. On the other hand, frailty - understood as the loss of the ability to
respond to harmful stimuli - is still an emerging problem and with many questions
still to be resolved [7].

The research that nursing has provided for aging has been spearheaded in many
ways, just to mention an example, the main interventions in dementia available
today are interventions designed, tested and tested within the context of research in
care nursing [8]. The research potential in this field is great, however the continuous
challenge is to establish links and articulate with other disciplines to perfect the
knowledge acquired when the research is done from a unique and isolated
perspective.

In addition, it is important to mention that the WHO is trying to shift the para-
digm from disability to healthy aging, in order to tackle progression from a starting
point, rather than it’s too late.
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1.2 A Theoretical Frame for Aging Research

Different disciplines are grounded in theories that give the topic a sense and a cohe-
sion that could further be enriched by new knowledge. Aging research has a number
of potential theoretical frameworks that could be used for this purpose. However, as
it happens in other medical disciplines, there is no agreement on which particular
theory is appropriate. Evolution of species is one of the most useful theories to
explain aging and has fully translated into aging phenomenon by the disposable
soma theory of Kirkwood. Moreover, many of the processes that occur during aging
seem to respond to evolution.

1.3 Particular Features of Aging Research

Once the aging of the population and the lack of information on this age group is
recognized as a problem, the question arises about what distinguishes scientific
research on health in this area from other disciplines [9].

Research into age and aging uses the scientific method to generate knowledge,
not unlike other disciplines. However, it incorporates many more elements than
those generally used in “traditional” health research. One of the main differences is
the focus on the preservation of function of older adults at different levels (with dif-
ficulty, independent, dependent, etc.), in contrast to the objective of preserving life,
which is more usual in health research in other age groups [9]. On the other hand,
the reductionist focus of other medical specialties (internal medicine, surgery,
orthopedics, etc.) makes it difficult to study the phenomenon of aging and it is more
useful, both conceptually and in practice, to focus on the biology of systems, or a
holistic approach [10]. Another type of focus that can be useful is called “subject-
centered”, in which the weight of the signs of discomfort by the persons involved
acquires more relevancy than the numbers from biochemical measurement [11].

The incorporation of more topics of investigation than is the case at present will
be done in the years to come. Among the new items to consider are: services (access,
quality, innovation, technology), the incorporation of social determinants of health,
deep analysis of these determinants, a multi-disciplinary approach, systematic
incorporation of the evidence for creation of public policies, and molecular biology
(genomics, proteomics, metabolomics) [9]. As well, in a world of limited resources,
research in the economics of health is a fundamental ingredient for the creation of
knowledge for improving the clinical care of older adults. Those changes (if any)
will have to be adapted to the group of older adults.

Research into age and aging is no different from other research; it simply has
emphasized some characteristics that are often harder to investigate in this age
group, such as: defining what is normal (normal changes in aging vs. pathological
changes), “normalization” of problems/illnesses of age, nihilism (thinking that
whether or not something is done, why do research in this age group if they will
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soon die or be incapacitated?), non-specific manifestations of problems, coupled
with homogenous definitions — bias in classification — (the case of frailty, whose
variability shows up in studies of it), the need for adequate sources of information
(valid scales, trained interviewers and optimization of obtaining and analyzing data,
to name a few) [9, 12].

There are a number of examples on how aging is different from other type of
research, in this chapter some of them will be reviewed.

1.3.1 Heterogeneity in Older Adults

With the goal of having a framework of heterogeneity in age, what follows is a
description of different groups, very differentiated within this population segment.
With the advances in knowledge about aging in recent decades, a group that previ-
ously appeared to be homogeneous now is known to be made up of distinct sub-
groups, whose characteristics must be taken into account in the various domains at
the time of doing the research [13]. Even though there is agreement about the age at
which a person should start to be called old (older than 60 years), this does not
always correlate biologically [14]. There are sub-groups with specific characteris-
tics, whose differences must be taken into account throughout the design and devel-
opment of any research project into age or aging: sampling (over-sampling of barely
representative groups), selection criteria, stratification, allocation of the interven-
tion, statistical adjustments, in a way that real conclusions are arrived at and not
derived from population differences established a priori (see Table 1.1). Another
characteristic that generates different sub-groups, and that it is crucial to take into
account, is related to the losses in the trials, since in some cases they are highly
characteristic, for example, in subjects with dementia.

Therefore, it is necessary to thoroughly know these different groups within the
group of older adults, in order to be able to make the pertinent adjustments in the
design of the protocol, or in the last instance, if this is not possible, at least to
describe the population group and its distinct characteristics. The following is a
detailed description of some of the characteristics that produce the marked
differences.

1.3.1.1 Age

The easiest way to look at for this category is chronological: the more years that
have passed, the higher the probability of suffering one or more illnesses, and the
same with loss of function, frailty and the appearance of geriatric syndromes.
Therefore, the division of these groups by age in research has a clinical logic. In
addition and depending on the outcome — following the Gompertz curve — it is
known that the probability of dying is greater with advancing age, a situation to take
into account, for example, when comparing groups of subjects of 60 and 90 years of



1 The Need for Differentiated Research Methodology in Aging 5

Table 1.1 Different groups to take into account in age and aging research

Group

Categories

Age

Young-old 60 to 79

Old-old 80 to 89

Extremely old 90 and above

Nonagenarian 91 to 100

Super-centenarians older than 101

Function

Effective function without difficulty

Effective function with difficulty

Ineffective function without difficulty

Ineffective function with difficulty

Loss of function in some activities, with dependence with
assistance

Loss of function in some activities with dependence without
assistance

Loss of function in all activities with dependence with assistance

Loss of function in all activities with dependency without
assistance

Multi-morbidity/
Polypathology

Without non-degenerative chronic illnesses

With one non-degenerative chronic illness

With multi-morbidity/polypathology

Life prognosis

Without terminal illness

With a terminal illness but without probability of dying in the next
6 months

With terminal illness with probability of dying within the next
6 months; not moribund

Moribund

Specific pathology

Without a specific pathology

Dementia

Cancer

Frailty

Level of care

Ambulatory

Acute hospital care

Chronic hospital care

Residence

Hospice

Caregiver

Without a caregiver

Without caregiver burden

With caregiver burden

age. If one wants to evaluate the effect of a particular intervention, wants to show
the impact on mortality, and is unable to find any, the difference by age — expected
and not adjusted — would be the explanation [15]. Finally, the group most advanced
in age, the people older than 100 years of age, is much less represented in the stud-
ies, being one of the most forgotten groups in all types of research.
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Taking into account the foregoing, conventionally the most common way to
divide groups of older adults by age is: “old-young” 60 to 79; “old-old” 80 to 90;
“ancient old-old” 90 and over; “nonagenarians” 91 to 100; and “super centenarians”
greater than 101 years [16]. As can be observed, this is an arbitrary division and
within each group there is also a lot of heterogeneity, given that health strategies not
only provide for an increase in life expectations, but also an increase in the expecta-
tion of a healthy life. Alternatives to the division by age groups could be those given
by levels of functioning, the extent of non-transmittable chronic illness, specific
pathologies (cancer, dementia, etc.), level of health care required or frailty status.

1.3.1.2 Function

Defined as the capacity to be able to carry out, independently and autonomously, the
activities necessary to take care of oneself under optimal conditions and within
one’s own surroundings, function is an effective way to classify the elderly. There is
a large spectrum between the two extremes (independence and dependence), with a
number of activities within which is also a different range of effectiveness in capac-
ity to carry out these functions (independence in function, difficulty in doing this,
and total dependence on someone else to be able to do some of the activities).
Taking into account the potential effect function can have on a particular interven-
tion improves the possibility of obtaining other appropriate outcomes. Research can
also be carried out on specific groups of levels of functional, as is the case in
researching the cause of pressure sores in people almost totally dependent; testing
an intervention on injuries to cure them. The fact of not taking into account func-
tional could give the false impression of the functional and the effectiveness of the
intervention.

1.3.1.3 Multi-Morbidity

Recently there has been emphasis on this concept (suffering from more than one
non-transmittable chronic illness for which the person is taking medicine regularly),
because it appears that it could involve a problem with characteristics different from
the rest of the population and an entity in which there would have to be special care
taken in carrying out clinical tests at the time of reporting the interactions. This is
the case not only with the medicines but also with the illnesses, and the potential
synergies that might exist. The strategy of excluding competing risks is known, that
it is not possible to control them and that they could bring about the outcome they
intend to change with the intervention. The foregoing is especially true when deal-
ing with cohort studies in which an exposed factor tries to associate with a specific
outcome, since with the passage of time there are other exposures that could bring
about the same outcome, for example in the case of falls — which can be caused by
multiple factors — and not taking into account several causes for the adjustment in
one of the moments of the research project [17]. However, several solutions have
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been promoted in the area of old people. One of the most common is the use of
indices of comorbidity, for example Charlson’s, in which the results can be adjusted
specifically to this comorbidity burden, and theoretically eliminating this potential
source of confusion in the clinical tests. To choose the population a priori, in such
a way as to exclude some with competing risks would hardly be practical (and
hardly realistic) in research in older adults, given the low probability of finding
“healthy” old people or people with just one pathology.

1.3.2 Animal Models

Even that it has been said that modeling of aging is somewhat a closed matter, and
we do not have the need to discuss it further, there have been some problems with
modeling animals due to the complex nature of older adults. The typical example is
frailty, a multi-level problem that renders an older adult prone to adverse events in
the face of usual stressors, which has been shown to be difficult to model in
animals.

1.3.3 The Role of Time

Time is one of the most difficult issues to handle in aging research. One thing is to
have age-related problems, which have been defined as those that are only related
with time passing by and the other is that of age-dependent problems in which those
mechanisms that render an organism old, also have a role in disease.

1.3.4 The Role of Outcomes

Death is more common for the aged ones. In other kind of studies, mortality is the
main outcome. However, when it comes to older adults, mortality is not always the
best outcome to measure, and other outcomes are more important.

1.3.5 Statistical Approaches

A recent number on the journal of gerontology series B has been devoted exclu-
sively to the description of different solutions to a number of problems faced in
aging research. This is particularly true when it comes to analyzing longitudinal
studies, in which attrition rates are high. Competitive risks are among other type of
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problems faced when analyzing longitudinal studies and related outcomes in
population.

1.4 Conclusions

To better understand the problems that could be presented at each stage of the
research in areas of age and aging, knowledge is created clearly and with a solid
scientific structure that contributes to improvement in the quality of care for older
adults and a clearer understanding of the processes that could have impact on their
overall health.

References

10.

11.

13.

. Ham Chande R, Gutierrez Robledo LM (2007) Health and aging in the 20th century. Salud

Publica Mex 49(Suppl 4):5S433-S435 doi: S0036-36342007001000001

. Gutierrez-Robledo LM (2002) Looking at the future of geriatric care in developing countries.

J Gerontol A Biol Sci Med Sci 57(3):M162-M167

. Kinsella KG (2005) Future longevity-demographic concerns and consequences. J Am Geriatr

Soc 53(9 Suppl):S299-S303. https://doi.org/10.1111/j.1532-5415.2005.53494.x

. Pang T, Sadana R, Hanney S, Bhutta ZA, Hyder AA, Simon J (2003) Knowledge for better

health: a conceptual framework and foundation for health research systems. Bull World Health
Organ 81(11):815-820 doi: S0042-96862003001100008

. Remme JH, Adam T, Becerra-Posada F, D’ Arcangues C, Devlin M, Gardner C et al (2010)

Defining research to improve health systems. PLoS Med 7(11):e1001000. https://doi.
org/10.1371/journal.pmed.1001000

. Orton L, Lloyd-Williams F, Taylor-Robinson D, O'Flaherty M, Capewell S (2011) The use of

research evidence in public health decision making processes: systematic review. PLoS One
6(7):e21704. https://doi.org/10.1371/journal.pone.0021704

. Steel K (1997) Research on aging. An agenda for all nations individually and collectively.

JAMA 278(16):1374-1375

. Cordova-Villalobos JA, Barriguete-Melendez JA, Lara-Esqueda A, Barquera S, Rosas-

Peralta M, Hernandez-Avila M et al (2008) Chronic non-communicable diseases in Mexico:
epidemiologic synopsis and integral prevention. Salud Publica Mex 50(5):419-427 doi:
S0036-36342008000500015

. Dartigues JF (2005) Methodological problems in clinical and epidemiological research on

ageing. Rev Epidemiol Sante Publique 53(3):243-249

Ahn AC, Tewari M, Poon CS, Phillips RS (2006) The limits of reductionism in medicine:
could systems biology offer an alternative? PLoS Med 3(6):e208. https://doi.org/10.1371/jour-
nal.pmed.0030208

Reuben DB, Tinetti ME (2012) Goal-oriented patient care--an alternative health outcomes
paradigm. N Engl J Med 366(9):777-779. https://doi.org/10.1056/NEJMp1113631

. Van Ness PH, Charpentier PA, Ip EH, Leng X, Murphy TE, Tooze JA et al (2010) Gerontologic

biostatistics: the statistical challenges of clinical research with older study participants. ] Am
Geriatr Soc 58(7):1386-1392. https://doi.org/10.1111/j.1532-5415.2010.02926.x

Friedman LM, Furberg C, DeMets DL (2010) Fundamentals of clinical trials, 4th edn. Springer,
New York


https://doi.org/S0036–36342007001000001
https://doi.org/10.1111/j.1532-5415.2005.53494.x
https://doi.org/S0042–96862003001100008
https://doi.org/10.1371/journal.pmed.1001000
https://doi.org/10.1371/journal.pmed.1001000
https://doi.org/10.1371/journal.pone.0021704
https://doi.org/S0036–36342008000500015
https://doi.org/10.1371/journal.pmed.0030208
https://doi.org/10.1371/journal.pmed.0030208
https://doi.org/10.1056/NEJMp1113631
https://doi.org/10.1111/j.1532-5415.2010.02926.x

14.

15.
16.
17.

The Need for Differentiated Research Methodology in Aging 9

World Assembly on Aging (1983) A neglected area in the field of population and human rights:
aging and the aged. United Nations, New York

Winsor CP (1932) The Gompertz curve as a growth curve. Proc Natl Acad SciU S A 18(1):1-8
Orimo H (2006) Reviewing the definition of elderly. Nihon Ronen Igakkai Zasshi 43(1):27-34
Rothman KJ, Greenland S, Lash TL (2008) Modern epidemiology, 3rd edn. Wolters Kluwer
Health/Lippincott Williams & Wilkins, Philadelphia



Chapter 2 )
The Scientific Method as a Point of s
Departure in Aging Research

Rubén Fossion and Leonardo Zapata-Fonseca

Abstract What makes knowledge scientific is not its content per se but rather the
form, in which it is obtained. Following the scientific method is a necessary condi-
tion to carry out a sound and methodologically valid research. However, for empiri-
cal researchers, it is not common practice to reflect upon the method itself. It has
been argued that the scientific method is not so different from the common sense
that we use in daily life to reach solutions, but with its successive steps better articu-
lated so that scientific knowledge can approach more robust conclusions over time.
Since the last quarter of the previous century, there are indications that reductionist
strategy of the scientific method has reached its limits, and that therefore a comple-
mentary approach is needed to investigate new complex research problems.
Consequently, emergentism and systemic thinking are becoming a new explanatory
framework that is currently permeating virtually any field of knowledge and all
spatiotemporal scales. In the present chapter, we focus on a very specific system
under a rather specific yet common and relevant condition: the aging human being.
Particularly, we introduce some notions on how the sciences of complexity can help,
not only clinicians but also medical research in general —and in particular aging
research— to reach a more complete understanding and assessment of the older adult
both at an individual and population levels.
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2.1 Introduction: History and Philosophy of Science

Society esteems science for its presumed quality of being based on objective facts,
so that scientific research has more weight and authority than a personal opinion [1].
But what makes something scientific? It is not the object or the topic under study but
rather the methodology with which a study is carried out and the standards that are
used to judge the obtained results [2]. The methodology that is used in science, or
the so-called scientific method, is not very different from the way in which we use
common sense to interpret events in our daily lives. Common sense analyzes the
information we receive through our senses (sight, hearing, touch, smell, taste) as
being real and independent from the observer. Without thinking consciously about
the steps taken, our common sense is based on a sequence of observation, evidence
and verification; scientific thinking follows the same logic, but the scientific train of
thought is slowed down for increasing transparency and control during the various
steps. Transparency is important because scientific research is a collaborative activ-
ity and peers and colleagues must be allowed to repeat experiments, verify results
and construct more advanced theories based on previous results [2].

The scientific method developed gradually through several millennia. The
Ancient Greeks, such as Socrates (469-399 BC), Plato (427-348 BC), Aristotle
(384-322 BC), Ptolemy (90-180 AD) and Galen (130-200 AD), were pioneers in
setting up a science independent of religious dogmas; theirs was mostly a contem-
plative science based on abstract axioms to which they applied deductive logic in
order to obtain new statements, at most passive observations of Nature were made
and induction was used to obtain new hypotheses. During the dark ages of Europe’s
Medieval Period (500-1300 AD), much of the scientific knowledge of the Ancients
Greeks was lost. Fortunately, a lot of that knowledge could be recovered thanks to
the Arabs (700-1500 AD) who had adopted the science of the Ancient Greeks and
who had contributed with active experimentation, which was an important step for-
ward because now theoretical predictions were verified with experiments. The next
important period is the scientific revolution (1500-1800 AD), which was caused by
various factors. One factor was the foundation of the first universities, which resulted
in a gradual “liberalization” of the sciences and leading to a more pluralistic vision
not dictated by a few authorities. Another factor was humanism as the new philo-
sophical and ethical current having as one of its purposes to explain all-natural
phenomena without any reference to the supernatural. Technological inventions,
such as the microscope and the telescope, further accelerated the advance of sci-
ence. Also, important resulted to be mathematical modeling, which allows research-
ers to make not only qualitative but also quantitative predictions.

The study of the history of the scientific method and how the scientific method is
applied, is a science of science, also called meta-science, and therefore belongs to
the field of philosophy of science. Philosophy is a forum to question and clarify
concepts that other disciplines believe to be obvious without having investigated
these questions explicitly [2]. Philosophy of science analyzes the various steps of a
scientific investigation. Consequently, the philosophical approach tends to be
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abstract and idealistic, and the goal is to define an absolute and universal scientific
method that is valid for all disciplines and for all times.

In the application of the scientific method, the following properties are often
taken for granted:

e The data are previous to and independent from theory;
» The data constitute a firm and reliable base for scientific knowledge;
* The experimental data are obtained by impartial observation through the senses.

Philosophers have identified some problems with these assertions, such as theory
and subjectivity ladeness [3], confirmation and rejection of the theories [4, 5], and
how to evaluate scientific progress [1].

The American physicist and philosopher of science Thomas Kuhn (1922-
1996 AD) revolutionized the way in which scientific progress is perceived. Before
Kuhn, scientific progress was interpreted as a gradual process; it has been suggested
that our textbooks are to blame for reinforcing this view of a continuous accumula-
tion of ideas up to the current state of science, while Kuhn argues that scientific
achievements of the past need to be interpreted within the context of sociological
factors and scientific perspectives of the time in which they were developed [6]. It
appears that within each scientific specialty, prolonged periods of stability and con-
solidation precede short bursts of major conceptual revision, which Kuhn called
paradigm shifts [7]. A paradigm is a coherent set of theories and concepts that
guides interpretations, the choice of relevant experiments, and the development of
additional theories in a field of study. Examples of contrasting paradigms in physics
are: heliocentrism vs. geocentrism, Newtonian gravity as opposed to Einstein’s the-
ory of general relativity, and classical physics versus quantum mechanics. In medi-
cine, examples of paradigm shifts are the dissection of human cadavers as introduced
by Vesalius, the use of the microscope and the development of synthetic drugs.

Standard science works within the framework of an existing paradigm that guides
a field of research. In this case, almost all the research relates to the paradigm:
research is carried out according to a fixed scheme, and it is the paradigm that indi-
cates which topics for research are appropriate and worthwhile; theoretical and
experimental studies imply the collection of data to verify predictions of the para-
digm and consider also efforts to extend the paradigm in order to include apparent
problems or ambiguities. Research within an existing paradigm is sometimes
described in a pejorative way as “cleaning up”. In a new field, that is, a field in a
pre-paradigm state, no fixed scheme exists that indicates how experiments should be
done or how data should be interpreted. To draw an analogy: data collection within
the framework of an existing paradigm is like a hunter pursuing a prey, while with-
out the guidance of a paradigm it rather resembles going for fishing in a lake to see
what comes out [6]. In the absence of a paradigm, lots of data may be available but
they are extremely complicated to interpret, and the general pattern and the main
principles are vague; several currents of reasoning compete without agreement on
which phenomena are worth studying, and no single current of reasoning can offer
a more general view of the field.
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2.2 A Pragmatic Approach to the Scientific Method

In comparison with philosophers, working scientists are more realistic and con-
formist, and are satisfied with an approximated scientific method that in the first
place must be applicable to their daily research activities. The structure of the scien-
tific method, in its most basic form, can be summarized as successive repetitions of
the following sequence, see Fig. 2.1:

Observation—Taxonomy—Working Hypothesis— Prediction— Empirical
Verification

In the observation phase, relevant data about a natural phenomenon of interest
are recognized. The taxonomy stage detects and classifies regular patterns in the
data. The induction! phase enables the researcher to generalize and simplify these
patterns in one or more theoretical hypotheses to explain the phenomenon.
Abduction! is a type of logical inference that is used to select the most probable
hypothesis from a set of possible hypotheses to explain a given phenomenon.
Applying deductivel logic to the working hypothesis allows to derive predictions,
which can be verified with the results of carefully controlled experiments. A con-
trolled experiment is one where a certain (independent) variable is manipulated to
study the consequent changes in another (dependent) variable. It is preferable that

Set of possible
hypotheses

— ™ Most 7

probable Deduction

Induction hypothesis

Pattern identification \ j Empirical verification
Nature

Fig. 2.1 The process of scientific reasoning is iterative and alternates between deduction, induc-
tion and abduction. Induction generalizes observed patterns in nature in theoretical models.
Abduction selects the most probable working hypothesis from a set of hypotheses to explain an
observed phenomenon. Using deduction, predictions are made from the hypothesis to be verified
with data from controlled experiments, so that the hypothesis can be checked and corrected if
necessary



