Science in Mind: A Tutorial 

Learning Objectives 

To be able to:

1.
Explain the nature of science and how scientific knowledge differs from non-scientific knowledge.

2.
Outline the defining features of the scientific method.

3.
Describe the limitations of the scientific method

4.
Discuss the possible reasons for the widespread misunderstanding of science in society.

5.
Critically evaluate the scientific method in terms of other approaches to knowledge acquisition in psychology.

This tutorial considers the strengths and weaknesses of applying the ‘scientific method’ to understanding psychology in general and biological psychology in particular. There are many facets to be considered, including philosophical, practical, social and political issues. An appreciation of this literature is especially important in biological psychology, where philosophical issues (e.g., the role played by reductionism) loom large.

This tutorial tackles two interrelated issues: (a) What is science? and (b) Why science? The aim of this tutorial is to expose students to some points so as to stimulate an active engagement with the issues; the student should be encouraged to challenge points as they are raised and to consider alternative perspectives – this may be best achieved in relation to course-specific material (e.g., the relevance of the ‘scientific method’ to first-person subjective states). The learning outcome should be a more critical understanding of the role played by the scientific method in biological psychology.

WHAT IS SCIENCE?

The word science is often used rather loosely and without definition. In wider society, ‘science’ often refers to any body of knowledge or belief that needs a veneer of truth – what these days is not ‘scientifically proved’! Well, let us try to answer Chalmers’ (1982) question: ‘What is this thing called science?’

The answer to this question falls under the rubric of the philosophy of science (Couvalis, 1997), a branch of philosophy that deals with two main questions: (a) what characterizes scientific and non-scientific knowledge; and (b) by what procedures and practices do scientists gain knowledge about the world?

In general terms, science may be defined as the process by which knowledge of the world is acquired by empirical methods (i.e., observation, theory formulation, and experimental verification/refutation). Scientific knowledge is based not on tradition, custom, deference to one’s superiors, wishful thinking or superstition – or even the self-assumed wisdom of textbook writers! Rather, it is based upon objective procedures that allow hypotheses to be tested against the objective reality of the natural world. It is assumed that there exists a material reality independent of our observations, and that this objective reality is there to be discovered.1 Scientific theories are usually not direct representations of objective reality, but progressively more accurate approximations. One way of understanding scientific knowledge is to ask how it differs from other forms of knowledge. Put another way, what are the defining characteristics of the scientific method and theory? 

Churchland (1979) notes that all knowledge is theoretical, therefore it is not sensible to think of a realm of knowledge that exists outside theoretical frameworks. The important point is that all theoretical frameworks may be judged against the procedures of science: theories have to be based on sound assumptions, and contain hypotheses and predictions that are consistent with a verifiable objective reality. 

The way in which scientific theories develop has been the subject of much controversy, and no one philosophical position can be said to encapsulate all the features of science. However, science is said to be coherent, rational and logical – it emphasizes well-established principles, interrelated networks of empirically validated concepts within a system of thought that is internally (logically) consistent and externally valid (empirically verified). Defined in this way, there seems to be no alternative to science for the development of truthful knowledge about the world. But this conclusion is not universally accepted.

Karl Popper is perhaps the most influential philosopher of science. His position is that a good scientific theory is one of bold conjectures that are couched in such a way as to lead to tests of falsification. According to this theory, scientific knowledge develops via a process of theory development, falsification, and reformulation. Theories that are not easily open to attempts at falsification are seen as pseudo-scientific: they have the veneer of science but not its substance. 

Relativism

In stark contrast to the notion that science can achieve a truthful approximation to some external reality, in some social-science circles it is assumed that all knowledge is relative, and to speak of science as being ‘objective’ is to rarefy what is, essentially, a social process. Feyerabend (see Chalmers, 1982) popularized this position, and thought that scientific knowledge is no better, or worse, than voodoo or astrology. According to this view, science serves a similar function to religious dogma prevalent hundreds of years before. In contrast, Dunbar (1995) provides a robust defence of science, examining its historical, social, anthropological and economic basis. He states,

The real problem is that any fool can think up new ideas; the inconvenience of real life is that the key to progress lies in second-guessing how the world actually works, and that is an altogether much harder task. The scientist’s perennial problem is how to sift the handful of good ideas from the rest of the dross. (p. 30)

Dunbar is surely right in pointing out that theory without empirical support has limited value: simply, how would we ever know it is completely false? Can we intelligibly hold a belief without firm evidence? 

WHY SCIENCE?

What are the main reasons for choosing a scientific approach to knowledge and ‘truth’ over any other approach? 

The nature of science

What are the strengths of science? Here are some:

1. Science is objective, not subjective. Scientific knowledge reflects the objective reality of the external world (as far as there is one!); it does not derive its authority from conventional wisdom, subjective opinion, or belief. Mere belief is not a good enough basis for knowledge.
2. Scientific theory and method. It is sometimes said that the scientific method is only one way of gathering knowledge about the world. However, what is unique about science as a tool of knowledge acquisition is that the scientific method (the tools and procedures of experiments) is independent of particular hypotheses and theories.2 A proper scientific approach separates theory and method. The objective method of science does not care about the hypotheses being tested!

3. Science is not dogmatism. Science seeks to establish a truthful representation of the objective world. It seeks to develop theories that both describe and predict. Scientific theories can, and often are, heretical, going against the prevailing wisdom. Until recently, the notion that genetics was important in human psychology was viewed by many as self-evident nonsense; today, we know that genetics plays a fundamental role in health and disease processes. In 1949 Soviet Russia declared Mendelian genetics to be wrong (many scientists died in labour camps because of their adherence to this theory); only the starvation of millions forced the Soviet regime to realize their mistake. As Albert Einstein noted, 

Whoever undertakes to set himself up as judge in the field of truth and knowledge is shipwrecked by the laughter of the Gods.

4. Scientific knowledge is open to refutation. One of the main criteria of scientific knowledge is that scientific theories are formulated in such a way that, if they are incomplete or wrong, then they can be experimentally refuted. Scientific progress thus consists in the gradual refutation and reformulation of theories. Scientific theories are never correct is an absolute sense; they can only be the closest approximation we have to objective reality. Accordingly, science progresses by scientific theories being examined, criticized, modified and changed. Uncritical acceptance of scientific theories makes for bad science. Doubt is the hallmark of the scientist.

5. Science is logical and systematic. Scientific knowledge has a rational, theoretical basis which is internally logical, and the steps of empirical investigation, and the results that emerge at each stage of investigation, are structured in such a manner that any competent person can assess the adequacy of the procedures followed and the validity of the results reported. Scientific procedure is taught in every science programme in the world – the student need only learn the scientific method to be competent enough to engage in scientific activity. 

6. Science is quantitative. There is a precision in science that is lacking in other forms of knowledge. If a thing exists at all (i.e., in objective reality) then it must exist in some quantity and can, therefore, be measured. Measurement allows description and the formulation of theoretical models, and is fundamental for comparing and relating different aspects of objective reality (e.g., forces in physics).

I often say that when you can measure what you are speaking about, and express it in numbers, you know something about it; but when you cannot measure it, and when you cannot express it in numbers, your knowledge is of a meagre and unsatisfactory kind. (Lord Kelvin)

Psychological phenomena are intrinsically complex, and may require, especially at early stages of theory development, more qualitative approaches: however, the mark of scientific development of theory is quantification – we must question the value of theories that are so imprecise as to allow only verbal description.

7. Science is transparent and accessible. Scientific knowledge is published in the public domain and anyone with the requisite scientific training can access and understand experimental results. Other forms of knowledge require initiation and sometimes even divine revelation (i.e., only by accepting what is written is the real meaning revealed! – there is even a tendency for this type of thinking in some areas of psychology, which requires one to ‘buy into’ the underlying philosophy before the true importance of the approach is revealed). 

8. Scientific theories guide research. A good scientific theory is a starting point, not an end point, in research: good theories promote further research, highlighting new research questions and applications of existing knowledge. To serve this aim, theories must be formulated in such a way that they can be easily understood, criticized and tested to empirical destruction. A useful scientific theory does not necessarily have to be correct in all respects. A good example of this principle can be found in the work of the phrenologists who in the 1800s believed that the shape of the skull related to specific faculties of mind. We now see this theory as wrong, but it led others to think in terms of localization of function in the brain, and this line of thinking led eventually to neuropsychology. Other theories in biology that initially were regarded by many to be rather ridiculous – for example, Darwin’s theory of evolution by natural selection – have been repeatedly tested and have grown greatly in strength by their resistance to refutation. 

Truth in science can be defined as the working hypothesis best suited to open the way to the next better one. (Konrad Lorenz)

9. Science is replicable. Scientific theories are built upon experimental observations and data that can be reproduced by different scientists, in different laboratories, and in different countries of the world. This feature of scientific data protects against chance or false data being accepted in the scientific community.

10. Science is a self-correcting process. The continual refinement and testing of hypotheses leads to false results being overturned. The more remarkable the claim, the more attempts at refutation. Science is a highly competitive human enterprise (see below), and weak and false findings quickly go to the wall. As discussed by Konrad Lorenz (1965), it is sometimes though that ‘today’s truth was, after all, nothing but the error of tomorrow’; however, more to the point, ‘the truth of today is the special case of tomorrow!’ For example, Newton’s physics is now a special case of Einstein’s general theory of relativity.

11. Science is inclusive. Science provides critics with the tools required to investigate their alternative theoretical positions. Unlike many other forms of knowledge, to be admitted into the scientific community does not require a pledge of allegiance to some arbitrary belief system, only a willingness to acquire the straightforward skills required of the scientific method.

12. Science constrains interpretation. A tightly controlled experiment has an internal logic that constrains (i.e., limits) the number of viable interpretations of the data. The scientific method is designed to eliminate alternative explanations of observed data, by designing a restricted world of possibilities, therefore revealing what must (given the assumptions of the design and statistical analyses have not been violated) account for the experimental observation.

13. Science is parsimonious. Science emphasizes simplicity in explanation (Occam’s Razor). The fewer the number of assumptions on which a theory rests, the more elegant the theory; and the wider the range of phenomena to which the theory is applicable, the more powerful the theory. For example, Darwin’s theory of evolution by natural selection is impressive because: (a) the theoretical premises upon which it rests are few in number; and (b) the range of biological phenomena to which it relates is vast. 

Things should be made as simple as possible, but not any simpler. (Albert Einstein)

14. Science is open-minded. Being open-minded means being open to all data and scientific knowledge, including those that go against pet theories and one’s personal view of the universe. The accumulation of data over the years strongly argues against the existence of a number of phenomena which still hold sway in the public imagination (telepathy, psychokinesis, spiritualism, etc.). The role of the scientist is to present all known data and to draw conclusions – however unpalatable in some circles – regarding the most probable structure of the objective world. 

Those who have an excessive faith in their theories or in their ideas are not only poorly disposed to make discoveries, but also make very poor observations. (Claude Bernard, 1865)

15. Science is a creative process. Scientists are some of the most creative individuals in society. Not only do they have to formulate new theories, but they have to be able to collect experimental data that support their theories; and they are expected to develop approximations of objective reality that have tangible and measurable outcomes (e.g., modelling disease processes and developing effective therapies). It is not the case that doing science requires merely the rote learning of the scientific method – this is only a starting point to genuine scientific creativity, helping to distinguish truly creative imaginations from cognitive dross.

Finally, science is neither complete nor perfect:

One thing I have learned in a long life: that all our science, measured against reality, is primitive and childlike and yet it is the most precious thing we have. (Albert Einstein)

Limitations of science

However, there are other, less positive, aspects of science that also call for attention:

1. Scientific knowledge is amoral. Scientific knowledge has no morality: it merely serves to provide an approximate account of the nature of objective reality. Therefore, scientific knowledge, not being intrinsically good or bad, can be used for moral or immoral purposes. Quantum mechanics in physics represents an excellent approximation of objective reality, yet it has been used to develop atomic bombs. The way in which scientific knowledge is used is a political matter. Scientists merely deliver the message describing the nature of reality; society as a whole decides how this knowledge should be used. Can the understanding of our world ever be wrong, unethical, or immoral, in itself?

Science can only ascertain what is, but not what should be, and outside of its domain value judgements of all kinds are necessary. (Albert Einstein)

2. Science and technology. Science is concerned with discovering the true nature of objective reality; technology is concerned with inventing tools and machines that exploit (apply) scientific discovery. What we decide to do with scientific knowledge (i.e., technology) must be clearly separated from scientific knowledge itself: scientific knowledge is merely our closest approximation to objective reality: it does not stipulate how it should be exploited by human society.

3. Science and belief. Science challenges some of our most cherished beliefs. Indeed, in the view of the famous philosopher of science Karl Popper, science is all about the falsification of ideas. The last thing many people want is to have their beliefs challenged. As Dunbar (1995) notes, 

we have continued to hanker after the cosy certainties of our intellectual infancy when we were the focus of attention, the purpose for which God had created the universe, the centre around which this enormous edifice revolved.

4. The role of the scientist. Science itself may be objective, but individual scientists are motivated by the same things as non-scientists (ambition, need for recognition, greed, etc.). In fact, science is a highly competitive human enterprise, and the history of science reveals that even the very greatest of scientists (e.g., Sir Isaac Newton) were not immune to presenting their scientific data in ways that furthered their personal interests (Eysenck, 1995, gives a number of such examples). The scientific method and the practice of science by human beings must be clearly distinguished.

5. Science and politics. In the short term, ‘scientific facts’ can be, and sometimes are, exploited for political purposes, and official scientific statements can be used to support the political interests of groups in society. But once again, how scientific information is used (or misused) by society’s elected representatives logically stands apart from science per se. Although science may be objective, it is obvious that the everyday business of science takes place in a socio-political environment. Individual decisions of scientists as to what to study, and the decisions of governments as to which lines of research to prioritize for funding, can and do have an important influence on the direction of science. It would be naive to imagine otherwise!

6. Public and private science. Disquiet is often voiced concerning the privitization and commercialization of important medical technologies (e.g., pharmacology). There is no doubt that private companies are in the race for knowledge for commercial reasons; the race between the private company Celera, headed by Craig Venter, and the publicly funded Human Genome Project is one of the best examples (Watson, 2003). The use by Celera of high technology to sequence human DNA arguably forced the Human Genome Project to use similar technology, taking years off the time it was thought it would take to sequence the entire genome – ‘arguably’ because Celera’s founder, Craig Venter, and the Nobel Prize (2002) winner Sir John Sulston (of the Sanger Centre, Cambridge, UK) have been engaged in high-profile public debates concerning the influence of Celera on the development of the human genome project (Sulston & Ferry, 2002). However, it is also the case the progress is made when personal ambition is a powerful driving force (the discovery of the structure of DNA is the best example of the scientific fecundity of personal striving, passion and ambition; see Watson, 1968). Government money and committees do not make science: individual scientists, with all their virtues and vices, do.
The nurture of science
Given the virtues of science, we might reasonably ask why it is not accepted by everyone. A number of factors are relevant here:

1. Lack of education. There is a general lack of education concerning the nature of science, and there still exists a wide gulf between the ‘two cultures’, that is, between, on the one hand, science and, on the other hand, the humanities and arts. It is quite possible to go through life without knowing much about Darwin’s theory of evolution, or even taking satisfaction in complete ignorance of physics, but it would be a great social error to admit to ignorance of Shakespeare or Beethoven!

2. Mistrust of science. The term ‘science’ is often used to refer to technology and not science per se. and these practical applications often have a political aspect. The general public is thus often confused by pronouncements from scientists when these are seen to serve a political end – politicians rarely endorse the uncertainty and provisional nature of scientific theories, preferring instead to trade in certainties that can only remain an unfulfilled dream to the scientist.

3. Science vs. belief. All of us are socialized in a particular culture at a particular point in history; we thus hold beliefs and convictions that, although culturally conditioned, are highly personalized and often emotionally charged. But scientific knowledge often challenges these deeply held and cherished beliefs: this is bound to make us feel uneasy and prone to defensive reactions. Also, it is unsettling not to have absolute beliefs that explain everything, including the mysterious (doubt can be stressful and impair disease-fighting immune reactions).

4. The hard bed of science. Unlike most other belief systems, scientific answers are not feather-bedded: sometimes science reveals what we wish was not the case, and this knowledge can be discomfiting. We would sometimes prefer not to know the truth than have to deal with its implications. A popular cartoon at the time of the publication of Darwin’s The Origin of Species had a well-heeled couple lamenting that if Mr Darwin’s theory of evolution was true, then let us hope no one tells the servants! You and I will die one day: in all probability, the particular set of genes we acquired purely by chance (see chapter 2) will contribute (maybe even determine) the timing and nature of our death. This knowledge does not fill us with much joy; however, our feelings do not make this fact any less real!

5. Intellectual rigor of science. Putting aside the emotional obstacle to accepting scientific findings, it must be conceded that science is a difficult intellectual pursuit because it demands the adoption of a logical and structured framework of thought – reliance on one’s well-learned modes of thinking is often so much more appealing and feels more ‘natural’ and ‘intuitive’. Being required to think in a logical and structured manner is not easy and is a skill like any other that takes practice and patience. Science itself is a hard taskmaster, with one’s most clever and cherished theoretical hypotheses being cruelly destroyed by the callous hand of empirical data.

6. First- vs. third-person perspectives. As individuals we see the world from a first-person perspective, and we do not see the generalities that a scientific perspective permits; hence scientific knowledge often seems distant from our everyday experience. Marrying up these different perspectives is especially difficult in psychology, where the first-person perspective is so personal and intimate. In other disciplines, no such conflict arises (who really cares if water has two or three hydrogen atoms!). To appreciate the third-person perspective of science requires a suspension of belief in the importance attached to first-person experiences: this takes some doing! 

SUMMARY

Psychology is made up of many different fields, ranging from molecular genetics to social processes, and there is a plethora of research methods available to tackle psychological questions. Arguably the ‘science of the mind’ is no different to any other scientific disciplines (e.g., chemistry) and therefore should be amenable to standard scientific tools of investigation. However, some fundamental psychological problems (e.g., conscious awareness) do not lend themselves easily to a physics-based ‘scientific method’, and many researchers prefer to use ‘qualitative’ methods (e.g., conversation analysis) instead of the quantitative approach of the traditional ‘scientific method’. The merits of these different approaches are still debated.

The real challenge is to use tools of investigation that are applicable to the problem at hand, while at the same time being guided by the tenets of the scientific method (e.g., empirical verification and replication). An important question that begs for an answer: given the virtues of science as a way of thinking and investigating the world, are all other approaches and their resulting outputs simply self-indulgent wishful thinking or the product of social conditioning? If not, then why not? The hard problem: what is true knowledge and how is it achieved?

Learning Questions

1.
What are the advantages and disadvantages of the scientific method over other research approaches in psychology?

2.
Are all the defining features of the scientific method applicable to understanding psychological phenomena?

3.
How can the virtues of the scientific method be protected from the vices of the applications of science?

4.
Why do so many people still prefer to trust blind faith in the mysterious to rational judgement in the empirical?

5.
Is it conceivable that there may be valid means of knowledge acquisition that do not accord with the tenets of the scientific method?

Notes

1
One philosophical conundrum is that science is limited to the extent that there exists an objective reality independent of our observations. This problem is more apparent than real because, assuming that the ‘objective reality’ we experience is little more than an illusion (a possibility we cannot totally rule out), then how would we ever learn about this illusion? (If reality truly were an illusion, its mischievous creator could make us think whatever it wanted us to think!) However, science has been remarkably successful in showing that the world seems to be orderly, consisting of an objective reality that we can discover through the rigorous application of the scientific method. However, this form of philosophical ‘realism’ will never satisfy those philosophers/psychologists who persist in arguing for some non-objective reality. As there is little in the way of supporting evidence for the hypothesis of a non-objective reality, we may wish to adopt Sir Peter Medawar’s definition: ‘science is the art of the soluble’, not of what cannot be known! 

2
One of the greatest scientists who ever lived, Isaac Newton, was a deeply religious man who opposed Descartes’ notion of God – as the creator of the machine of the universe, who then let the machine run by itself; for Newton, God was omnipresent, and his purpose and influence could be discovered from revelations in the Holy Bible. Newton searched the bible throughout his life for the code to life (and decided that the world would end in 2060); he also performed countless experiments in alchemy, without success. (Alchemy has long been a discredited.) Although Newton had these profound religious beliefs – a reflection of a very active, inquiring and fertile mind – his major contribution to this world was his work in mathematics and knowledge derived through empirical methods (e.g., optics; see chapter 4). This is one of the best examples of the separation of theory and method: Newton’s contribution came from the application of the scientific method to test his theories, some of which were simply wrong. As Dunbar (1995) notes, theories are cheap, and only the scientific method allows us to separate theories that explain fundamental reality from deluded wishful thinking.
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