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The debate concerning the scientific method and the nature of theory in marketing raged in the 1980s and 1990s.  It was in part a battle between the realists versus the relativists in terms of how we do and should develop marketing theory.  Some have argued that the realists, led by Shelby Hunt, won the day and alternative versions of the realist position have been advocated (e.g. Easton in press).  This paper is not about advocating a particular vision of scientific method but about developing a framework for understanding and analysing alternative philosophies of scientific method.  Our contention is that there is no one scientific method or even one best method (although there are bad methods) but a plurality of approaches with different underlying assumptions about some of the fundamental issues confronting scientific endeavour in any arena.  This paper identifies some of the main issues underlying the debate concerning the nature of scientific method and develops them in terms of a general model of knowledge development and its basic elements.  Using this framework we are able to identify different approaches to scientific method in terms of the stance taken on various issues.

The framework has been developed and refined over a number of years as we have both taught advanced marketing theory subjects at various universities in Australia and elsewhere.  We have found the framework helpful in organising our own thinking about the subject and in communicating it more effectively to students.  Often the literature on scientific method is a confused assembly of different philosophical traditions presented in a historical framework or as a series of alternative approaches.  Chalmers’ book What is this thing Called Science is an exception in that it tries to describe the various philosophies of science in terms of a fairly straightforward framework.  As a result this small book has stood the test of time and become a world wide hit with academics and students alike and has now gone into its third edition (Chalmers 1976, 1982, 1999).  But even this book tends to obscure some of the fundamental issues and questions that differentiate different schools of thought because it does not separate the issues from the philosophies in a clear way.  This is the purpose of this paper.

We would like to acknowledge the successive waves of student that have taken this marketing theory subject with one or other of us - in particular at UWS, UTS and UNSW.  They have helped to clarify issues and have been instrumental is causing us to refine and modify the framework.  The paper is organised as follows.  First we describe our analytical framework for considering the nature of scientific method, which characterises science in terms of a process-taking place in an environment.  The nature of each component of the framework as well as the relations between them focus attention on various fundamental issues underlying the debate concerning scientific method.  These are illustrated and discussed in the next sections.  This is followed by a concluding section in which we focus on the future of the debate about scientific method and how it should be taught.

A Process Model of Science

Our model is depicted in Figure 1.  There are four basic elements of science and scientific method in our model: 

1. Reality 1, the reality or phenomena to be understood, explained or predicted by our theories

2. The observations we make through various kinds of interaction with “reality” including attempt to measure various aspects of reality

3. The theories, both formal and informal we hold about the nature of reality and how it works

4. The actions we take based on our theories in interacting with reality.  In fact observations are a special kind of action that we have separated out from other kinds of action because it plays such a central role in the debate concerning scientific method.

5. Reality 2, the reality that includes institutions of science and the scientific process as part of the reality.  Science is not separate from reality but part of it and can be the subject of theories as is the case with theories of scientific method.

Each of these elements is itself the subject of debate and controversy in the literature on scientific method.  But the inter-relations between the elements are central in the debate concerning the nature of science and scientific method.

The Elements of Science

Reality 1

The debate between the realists and relativists, whatever flavour they happen to be, focuses on the meaning of the term reality and how it is possible to “know” it.  To the realists there is a world “out there” to be known with pre-existing entities, patterns of behaviour and interactions together with “rules” governing behaviour and interaction that science attempts to discover.  The situation is the opposite of that of Conway’s Game of Life or indeed any of the artificial life worlds (Pounstone 1985).  We begin with the manifestations of the rules of the game and have to work back to infer the rules producing this outcome – the world and life as we know it.  And for marketing science, the world of marketing that exists and has existed.  The reality we are part of is perhaps one possible outcome of the rules of the game (including rules by which rules themselves change and evolve) and was “selected” because of a number of chance factors that entrained particular paths of evolution and development.  In short, history matters and reality is path dependent – or so realists have us believe.  If we could go back and start again we may not end up here with “our” reality and recent advances in the modelling of artificial worlds show how history matters in shaping how life and complex systems evolves – including life itself (e.g. Casti 1997, Langton 1996, Tesfatsion 1997).

If we believe there is a world out there to be discovered this does not mean it is easy to know it and this leads to all the other aspects science and scientific method we will refer to later.  

The relativists on the other hand, it seems, do not believe in any pre-existing reality to be discovered but that there are many “realities” that are created by researchers and indeed all of us as we go about our daily lives.  Science is a kind of privileged version of the created reality but even here it is not one version but many – as the relativists are quick to point out.  The worlds we create in our minds and theories are the reality and there is nothing else.  Personally, we have a hard time accepting such as extreme form of relativism (perhaps we cannot construct that reality!)  However, our ideas about reality do govern our behaviour rather than reality itself, although reality intervenes between our intentions and ideas and the outcomes.  We can believe it is not raining, dress accordingly, but we still get wet if it is raining.  Of course our minds are pretty good at dealing with inconvenient data like this.  We may just assume we are sweating a lot and hence got wet for example.  Such matters actually lie at the heart of deep issues concerning scientific method and we will return to them later.

Action

Action was a late addition to our model as it is really a special part of Reality1.  It refers to the actions (behaviour) taken as a result of or on the basis of scientific theories developed.  This includes management action, applied technology and theories in use in management action.  In the natural sciences action refers to the use made of scientific theory to transform and influence the world and is reflected in our material culture as well as in the behaviour and social institutions informed by science.  Through such action Reality1 is affected and even the rules governing behavior modified.  Theories about the rules governing behavior can affect actual behaviour in the humanities, business and social sciences.  Indeed the purpose of marketing theory is not only to describe, explain, predict and control marketing behaviour but also to prescribe behaviour i.e. normative theory.  But we suspect that the rules of chemistry, biology and physics are not influenced by the theories of chemists, biologists and physicists.  Atoms, molecules and biological entities largely ignore the theories of their behavior developed by humans and go about their business according their own rules.  A normative theory of chemistry, biology and physics makes no sense and atoms, molecules and animals do not attend class and argue with scientists about whether their theories are correct. Fortunately or unfortunately, in marketing they do.

Observations

There are many ways in which directly and indirectly we sense and measure reality (if we believe in it).  If we are a relativist we could just deal with the observations themselves and forget about whether they correspond to any pre-existing reality.  Science is largely about sensing and measuring reality in different ways.  For the natural sciences direct and indirect observations of the outcomes of phenomena are used together with experimental manipulations of various kinds to “ask question” of nature.  The social sciences can do this as well but they are in the strange situation of being the phenomena under study.  We don’t know for sure that molecules, atoms, flora and other fauna have there own science institutions but we suspect not.  We as humans are self-reflective and are capable of abstract thought and this puts us in a unique position as scientists, that both helps and hinders. Molecules, atoms, flora and other fauna do not offer their own theories of themselves and do not argue with scientists about whether they do understand how they behave – but people can and do.  

In marketing the issue of theory and practice, the issue of academic and practical models of markets focus on this issue.  Marketing academics can be marketing practitioners and they frequently are.  Indeed, we are all part of the marketing system, if only as consumers.  In addition the subject of study comes to the classroom to learn how they do and should behave.  This means we can make the reality behave according to our models - to some extent at least.  This partly explains some research results.  We teach people about the marketing concept and then go out and measure it in firms and find that respondents report it as existing and that it is correlated with performance (see Wilkinson forthcoming, for a review).  Introspection and direct experience of marketing phenomena informs and confuses our observations and understanding of marketing in ways that have no equivalent in the natural sciences.

Our limited sensing capabilities mean that we augment our observation methods by various types of indirect means.  In the natural sciences we develop various sophisticated machinery that costs lots of money to detect the otherwise undetectable; either because it is beyond our own senses ability to discriminate or it is in principle unobservable.  The former includes microscopic entities (e.g. electrons) and macroscopic entities (e.g. populations, price levels, the universe) and the latter include such things as growth rates, attitudes and causal structures.

There is a large body of theory about observations that we may call measurement theory that informs the way we undertake measurement and which purports to explain the way measures work.  It is a kind of super theory of science and is part of the theory of method that is scientific method(s).  As we will see there are at times conflicts between substantive and measurement theory that underlie some of the issues taken up in discussions of scientific method.

Theory

Theories are the stuff of science but scientists are not the only people who have theories. We are not sure about other animals but the self-reflexive nature of humans means they can and do develop mental models of their world.  These models are not necessarily well formulated, logical or accurate and are reflected in the attitudes and beliefs governing our behavior.  Of course, whether such things as attitudes and beliefs really exist depends on what kind of scientist you are - a positivist, relativist, logical empiricist etc. People may be assumed to have various schema (Gell-Mann 1995), mental models (Senge 1990, Huff, 1992), theories in use (Argyris and Schon 1978, Zaltman et al 1982), or everyday theories (Calder 1977)  that guide and interpret our action.  These schema are not always made explicit except in the form of formal marketing and business plans, and are not subject to the same kind of scrutiny as scientific theories.  Furthermore, their purpose is not the same.  Individual and firm schema (as we will call them) result from interactions in Realty1 over time that result in learning and adaptation.  They may have arisen as much to protect an individual or firm from reality as to provide an accurate interpretation.  Schema, or really the interacting units of thought or memes (Dawkins 1976, 1982) of which they are comprised, survive, reproduce and are spread from mind to mind and schema to schema depending on their survival value (Carley 2000, Welch and Wilkinson 2000).  In science a special type of environment for the survival of ideas has been created, one that we hope produces ideas and theories that have a greater probability of being true.  But more generally the environment is one that supposedly allows the overturn and replacement of ideas that do not stand up to scrutiny and “reality checks” – of which more later.

The schemas of people and organizations provide a special source of insight into the nature of human behaviour, one that has no parallel in the natural sciences.  This direct insight, of being the subject of study as well as the scientist doing the studying, is both a source of theory and is a type of theory of itself.  Social science is in a sense a theory about the theories of people and organizations.  In addition scientists can find out what other people and organisations’ schema are, by asking them directly or indirectly or by examining the manifestations of these schema in the writings and art of a people.  As far as we know atoms, molecules, plants and other animals don’t have such schema. If they do have such schema, they don’t seem to record them anywhere accessible – though perhaps work on communicating with gorillas and chimpanzees may reveal some misty views of their rudimentary schema.  What we can observe in the case of other animals are the traces of their past behavior as well their current behavior.  This is not the same as reading a novel or a diary. 

This privileged source of insight is not without its problems.  Just as it can aid our understanding it can also serve to obscure and protect us from gaining a fuller understanding.  Our naive theories of our own action are borne of our direct experience and are “real” but they are constructed from a limited set of sense organs and mental apparatus and therefore are biased. We also have our own interests at heart and may be accused of an inherent and deep conflict of interest in the pursuit of human knowledge. It would not stand up to scrutiny in a court of law and politicians would be dismissed for less.  Unfortunately there appears to be no one else to take our place.  Gorillas may be less likely to be biased in their approach (or perhaps biased against us!) but they are deficient in other respects.

Reality2

The final component of our model is the model itself.  Science is not separate from the reality it seeks to understand but a part of it.  The pursuit of science is part of the reality we need to explain and there have been many attempts to do so.  These comprise both positive, descriptive theories and normative theories.  Theories of the way scientists actually behave, including all their foibles are contained in the many case studies and other studies of the practice of science.  But often these ostensible attempts to develop positive theory become confused with normative theory ie how scientists should behave.  Implicit in these normative theories is an objective function and various assumptions about the theory production process.  The objective function of science is “truth”. 

Science developed in part as a better method of knowledge production than authority.  The word from on high, be that a god, a monarch, an emperor or master, is an efficient means of knowledge dissemination but it is deficient in the process of scrutiny and testing.  King Canute could command the sea to recede but it did not (a communication problem?) and the King of Sweden who ordered the battleship the Vassa to have another gun deck, assured his engineers that he knew best by the devine right of Kings (or maybe he just wanted to deliver an intact boat to the 20th century?).   

Science is a type of social institution that has emerged in society to fulfil certain functions.  A social institution “connotes a way of thought or action of some prevalence and permanence which is embedded in the habits of a group or the customs of a people … they constitute standards of conformity from which an individual may depart only at his peril” (Hamilton 1930 p. 84).  Marketing is also a social institution that is concerned with the provisioning of a society (Dixon, forthcoming).  Much of the discussion of scientific method can be understood as an attempt to understand and to characterise the habits of a particular group of people in society concerned with producing knowledge and to identify best practice.  As suggested above the production of knowledge is not limited to science and scientists but science has a privileged position in this regard.  As a social institution science develops and evolves in and of its own and in interaction with other social institutions.  Some have even speculated about the “End of Science,” when we finally discover ultimate truth and have no more to discover (Horgan 1997).  We suspect marketing and indeed most sciences still have a long way to go.  

But a more fundamental issue is whether we would know ultimate truth if it came knocking on our door.  There is no “truth umpire” in the sense of an independent third party that can inform us if we did our sums correctly.  We have to determine this from the “inside” as it were.  Some of a religious bent would have a God in mind when they think of ultimate truth – the original writer of the rules, including the rules for changing and evolving new rules. But this does not help guide us in our scientific endeavours even if it were true.  If you are not this way inclined there really is no ultimate truth because once it has been discovered we have a new world to understand that includes, as part of it, us knowing ultimate truth – so it is endless.  All this really says is that whether science progresses or not is problematic.  We assume that by following the precepts of a public, communicable, reproducible, criticiseable, testable sets of rules for behavior we will avoid going backwards.  But there may be many roads forward and science comes in many different flavours that see “progress” in different ways and who advocate different rules.  

We believe there is bad science but not that there is only one best way.  Depending on the phenomena to be understood, the nature of the explanation being sought, and the tools and resources available science may be undertaken in many ways.  What is “good” science is not the same as acceptable, rewarded or commonly undertaken science.  The judgement of good concerns the link between the type of knowledge production processes undertaken and the probability of knowledge advance.  

Such advances can be both small and large.  Really influential advances that give rise to potent new ways of knowing and knowledge get Nobel prizes.  Everyday casual observations and the experience of business are at the other end of the spectrum.  They are less subject to the scrutiny of others and maybe therefore less reliable.  They are far more narrowly focused, applicable and perishable.  In between these extremes are many types of actual and potential contributions.  From the normal science of tidying up and puzzle solving to the breakthrough and paradigm shifts that may eventually lead to Nobel Prizes (Kuhn 1962).  In marketing, the writings of Wroe Alderson and his colleagues in the 1950s may be an example of a type of paradigm shift in theory development (Dixon and Wilkinson 1989, Wilkinson, 2000).  

Interrelations Among the Elements of Science

The previous section has highlighted many of the fundamental issues confronting science and the pursuit of knowledge in terms of the basic elements of scientific process.  Also, we have touched upon various issues that concern the relationships between different elements, as it is impossible to separate them in any sharp manner.  In this section we examine the relations between the elements depicted in Figure 1 following the order given in the figure.

1.  Reality -> Observation

Measurement Theory

We have already mentioned several issues concerning this relationship.  The first is the limited capacity of humans to sense and interact with reality.  This limits the direct experiencing of reality through our sense modalities of sight, sound, touch, smell and taste.  Hence we do not live in the smell or sound world of dogs, we do not perceive all but a small part of the light spectrum and we cannot survive and hence experience all but a very narrow range of climates with attendant temperature, pressure, and level of luminescence.  As a result we construct indirect ways of sensing outside the range of our own sense organs.  And hereby emerges a major issue for science.  How do we know how a given indirect sensing of something, be it a mark on a piece of paper, the reading of an instrument, the answer to a question or an idea we have corresponds or not to the “piece” of reality we want to sense?  

The issues that arise here relate to that of measurement.  Correspondence rules refer to the relationship between the observed and the bit of reality it is mean to represent and measurement reliability and validity are the central issues.   The problem of measurement has given rise to a whole set of theories in their own right, which we may refer to as measurement theory.  And as we will see there are potential conflicts and tensions between our measurement theories and our substantive theories of phenomena.  If we test a particular theory by making direct or indirect observations and find that the observations do not match our theory, what do we do?  Do we change or throw out the substantive theory or the observations?  This will depend on the strength of the substantive theory versus the measurement theory.  If we believe the measurement theory is stronger we suspect our substantive theory, if the reverse we suspect our measures.  Usually it is a bit of both.   We will discuss these matters more below.

In addition to the problem of our limited abilities to directly sense reality is the problem of things that in principle cannot be directly observed.  Things like attitudes and beliefs, growth rates, network structure, inflation rates, market trends and so on.  Here we must infer the existence and attributes of that aspect of reality from things that are directly or indirectly observable.  So we ask people questions to determine attitudes and beliefs, we gather various measures of a firm, industry, market or network and construct measures of growth and structure.  Here too our theories play a role in how we interpret responses and construct measures based on them.  

The act of constructing such a measure, such as a score on a personality dimension presupposes the existence of a theory of personality and measurement.  Moreover, we are transforming the expression and representation of an aspect of reality from one form, the way it exists in reality, to another i.e. into numbers, words, pictures, ideas, graphs etc.   A person’s attitude or a personality is not a number or word but some complex interacting chemical, material and biological processes.  What we are doing is converting it from the medium of existence to the medium of expression and communication.  This allows us to recognise and “sense” it, to communicate it and to analyse it in various ways.  But in so doing we are assuming that the logic of say numbers applies to the logic of the medium in question.  The obvious examples are the use of mathematical and statistical analysis to analyse observations expressed in numbers, and the use of a rational logical calculus to analyse words and ideas.  We may even believe there is an emotional logic as well as a cognitive logic that allows us to manipulate and analyse ideas and emotions.  The advancement of mankind is testimony to the success of applying these methods – so maybe God is a mathematician.  But there is always the risk that our number models, our word models our thought models and our emotion models do not mirror exactly the way of all aspects of reality.

Measurement Reliability and Validity

There has been so much written on this subject in both marketing and other sciences that we will be brief here. Validity is the issue of whether a measure, be it a number, word, idea, mark on graph, reading on a dial or whatever, relates to the thing it is supposed to.  We do not measure attitudes by calibrating someone’s height.  There are variety of ways we may collect data or make observations about an aspect of reality that can be used to develop a measure of it.  We can ask questions of various kinds in various ways, we watch and record behaviour, we can subject people to various conditions or tests, and we can use various apparatus to measure physiological processes taking place.  The assumption is that if the bit of reality we are seeking to measure exists it manifests itself in various ways and hence we construct sensors to pick up these manifestations.  In marketing we often use questions (stimuli) and record the response as a way of sensing something about a person or organisation’s attitudes, beliefs or behaviour.  We try to determine whether a measure is valid or not by using various tests.  These tests are based on a theory about how a measure works and how the bit of reality is supposed to behave.  We cannot get away from theory.  If we test a measure by comparing it to a criterion measure that is assumed to be a better or more valid measure, our test is as good as our theory about how good the criterion measure is.  For example, we ask people to take a pencil and paper driving test and compare the results to an actual driving test.  We assume the driving test is a valid (and reliable) measure of driving ability.  But it is subject to error too.

Reliability refers to the consistency of a measure.  If I take the same measure in the same way in the same circumstances will I get the same answer?  The problem in social science as a wise person described it is that we are often using rubber rulers to measure complex dynamic phenomena.  

We are confronted with a number of possible sources of error in making our observations of reality.  These include:

· Existence error.  We assume the reality exists to be measured.  For example some have argued that attitudes do not pre-exist but are created through the questioning process i.e. an attitude is what I have when I am asked about by attitude.  Hence any measures are not measures of a reality that exists independent of the observer.

· Sampling error.  We use samples of observations in most cases in marketing to construct measures. These include samples of items included in a questionnaire, samples of behaviour being observed and samples of people, organisations, relations, industries and networks.  Representative sampling allows us to make inferences from sample results to the population – so long as we believe in sampling theory.  But in practice perfect sampling is impossible and errors and bias creep in.  In the natural sciences this problem is not as serious.  We tend to assume that one electron is pretty much like another; that one molecule of sodium chloride behaves pretty much like any other; one atom behaves like any other; the physiology of one human is like any other etc.   But in the social sciences we cannot make such assumptions.  People and markets are radically and inherently heterogeneous, and the greater the variance the large the sample needed to achieve a given level of precision i.e. sampling error.  Chemists can use a sample of one molecule of sodium chloride to measure its characteristics and behavior, biologists can find one fossil of a particular species and know something about the species as a whole. We cannot do the same.  We can use individuals and case studies to inform our theories and maybe to see some of the deep processes driving behavior, but in the main, we cannot generalise too readily.

· Measurement error.  This concerns the reliability and validity of the measures used, which may be in turn unpacked in terms of various sub-forms.  The sources of error are the random and systematic factors that can affect the results of a measurement exercise. Systematic error relates to validity and random errors to reliability and are discussed in all marketing research textbooks.  A mini revolution has taken place in recent years in measurement theory as the classical approaches typified by Churchill’s (1979) oft cited JMR paper has given way to item-response theory in which there is a function that links unobservable values to observed responses and draws on the pioneering work of Coombs (1964) and George Rasch (1960/1980), 

· Experimentation Error.  If some manipulation or intervention other than the measuring process is involved in observing reality additional sources of error arise that affect internal and external validity. Once again these are well discussed in most marketing research texts and the classic work is by Cook and Campbell (1979). 

Operationalism

An extreme perspective on the nature and role of observations is to ignore the link between the observations and reality entirely.  This in part reflects the relativists versus realists debate that we create reality through our observations and theories and that there is no pre-existing reality to discover. We discussed this above.  Here we want to introduce the approach to science associated with Bridgeman (1927), who argued that our theories are only about the relations between the operations we carry out to make our observations – “length” only is the way we measure length, for example.  The correspondence rules with an external reality are unknown and unknowable.  Instrumentalists are simular in that their models and theories are not meant to mirror reality in numbers, concepts and words but are merely an analytical convenience to derive testable predictions and hypotheses.  Reality is assumed to behave “as if” it was like the model, but no direct correspondence rules are envisaged between elements of the theory or model and elements of reality.

2.  Theory -> Observation

Theory Laden Observations

There are no such things as naïve pure observations.  An important debate in science is about the objectivity of observations.  Science generally seeks to make its processes public and open to scrutiny and capable of being confirmed or not by others.  At the heart of this is the issue of whether we can make observations to develop theories or whether our observations are already theory laden.  

From the foregoing we can see that all measurement pre-supposes a theory of measurement which concerns the relationship between the observation and what is being observed.  So in this sense all measurement is theory laden by definition.  And at times the link between what is observed and the assumed unobservable latent construct, i.e. bit of reality, is very indirect and complex.  But usually more is meant by this statement.  

Our substantive theories about reality, if only primitively formed and articulated guide where we look, how we look and how we interpret our observations. Scientists are supposed to be as objective as possible but they are not perfect, and in the social sciences it is even more difficult as we are the subjects of study as well.  Blatant attempts to “cook the books” by tampering with results or only reporting supportive results are frowned on and usually dealt with harshly – as they should be.  But there is an inescapable element of theory ladenness to all observations. 

The distinction between induction and deduction centers on this issue.  Inductivists believe theories emerge from the assembling of “facts” or observations. The opposite process is deduction in which our ideas and theories spawn other ideas and theories that may be later subject to empirical test.  In truth theory development involves both processes at the same time in an iterative, interactive process.

The literature on scientific method reflects various approaches to the issue of  how we develop our general theoretical or explanatory orientations.  Pepper (1942), in his classic work has described the root metaphors that underlie the way we attempt to conceive the world and how it works.  These include formism, mechanism, contextualism and organcism (see also Tsoukas 1994 for a discussion of the relevance of these metaphors to management).  In general, metaphors and analogies play an important role in science.  A metaphor is not just a dramatic and colorful means of expression, it is a way of seeing one thing in terms of another and thereby being able to make use of knowledge gains and understanding in one area in another. "The essence of a metaphor is understanding and experiencing one thing in terms of another" (Lakoff and Johnson 1980, p.5). Metaphors allow a synergy of thought through the application of the intuition and images derived in one context to another. Through metaphors the implicit knowledge (Polyanyi 1966) available in one context can be used to produce both implicit and explicit knowledge in other contexts and provide a basis for knowledge development (Nonaka 1994). Indeed, metaphors may be a primary means of thought (Zaltman 1997).

It is said that Einstein began his voyage to relativity theory by considering what it would be like to ride on a light wave or photon travelling at the speed of light.  This personification of light allowed insight that, in part, guided his theory development.  In marketing and business theory metaphors and analogies abound (e.g. Clancy 1989, Easton and Arujo 1993).  We have used analogies with war to develop ideas regarding competition, we discuss interfirm relations in terms of interpersonal relationships such as marriages or affairs (Levitt, 1986), friendships (Hogg et al 1993), or in terms of business dancing (Wilkinson and Young 1996).

More generally writers such as Kuhn (1962) and Lakatos (1970) have pointed to the paradigms and research programs that can dominate particular lines of enquiry, legitimizing or not particular methodologies and theoretical orientations.  As part of these paradigms, how and where scientists look at phenomena is circumscribed.  Rival paradigms and research programs compete and make take over from each other in occupying the dominant position.  The streams of research on power and conflict in interfirm relations in North America and Australia is an example, that eventually was challenged by other perspectives that saw the focus on power and conflict as a focus on sick rather than healthy relations.  The IMP group coming out of Europe and Industrial marketing also represented a different perspective and methodological approach that focus more on the value of cooperative long lasting relations – not the risks of dependency and opportunism and the adversarial nature of relations that dominate more mainstream American approaches to essentially the same phenomena.  Now we have relationship marketing offered as a new paradigm as the cooperative orientation on relations is extended into consumer marketing as well as business marketing and the channels area.

At the heart of scientific enterprise are people and consensus is an important arbiter of accepted scientific explanation.  As Pepper notes, there are two basic methods of corroboration in science – interpersonal and structural – fact based.  We emphasise the latter in discussions of scientific process but the practice of science necessarily includes the former as there are usually no means of totally refuting theories, especially in the domain of social science.  We can always wriggle away with subtle reinterpretations of concepts or even ad hoc embellishments or dismiss the data as irrelevant.  We shall return to the issue of confirmation and refutation of theory in the following section.  First we consider some other ways in which theory enters our observations.

Sampling

Sampling theory plays an important role in science in guiding the inferences we can draw from our observations. One way we sample is when we take repeated measures of something and average the results in order to eliminate random errors of measurement.  Another way we use samples is to draw inferences to the populations from which a sample is drawn.

In order to draw samples that represent in some way the piece of reality we want to observe we need some understanding or assumptions about the way the population of things of interest behaves and how this affects sample results (sampling distributions).  In particular the size of the population in relation to the sample and its variance matter in determining sample sizes with appropriate degrees of precision or sampling error.  

In the natural sciences they can get away with smaller samples than in marketing or other social sciences.  One atom or molecule of a given substance behaves pretty much like any other (i.e the variance in the population is low). Measures of the physical properties of a material object are generally quite precise given the environment in which the measure is taken.  Chemical experiments done with a particular batch of chemicals are assumed to give the same results if different batches of the same chemical are used – sodium carbonate is sodium carbonate no matter where you are – so long as the same conditions apply.  In biology and medicine we assume that one animal or person’s body functions much the same as others so an observation or test on one body or body part will give the same results on other bodies of the same animal.

But things are no so simple when it comes to human behavior.  Individuals are exposed to a variety of stimuli and not all have the same experience.  We also respond to similar stimuli in different ways depending on how we interpret them, based on our prior experience and the internal theories we use i.e. the schemas we have constructed for ourselves (see above).  If we can assume that a variety of independent stimuli are at work we can still use sampling theory to help guide our observations, making use of the central limit theorem.  By drawing our observations in a random or systematic way from a population we can make use of the sampling distribution of results that would arise if we took many such samples. From this, and knowledge of the central limit theorem, we can calculate sampling errors and confidence limits and use the whole apparatus of statistics to test hypotheses (kinds of observations) about the population of interest.

Of course in practice things go wrong and we have various forms of known and unkown biases and errors in our samples, in addition to the measurement errors we discussed above.  Some of these sampling errors are random and “wash out,” whereas others are more systematic and bias the results in particular directions that may undermine the validity or representativeness of our observations and analysis.  One of us remembers being an expert witness in a court case in which survey evidence was being presented.  In order to try to undermine the value of the results the detailed call sheets of the interviewers had been subpoenaed.  The court had to wrestle with the issues of sampling and the reporting of what people said by interviewers.  This was difficult enough but then an interviewer was called to the witness box and asked to go through the route she took for her interviews.  It turned out she had not followed instructions because she did not want to interview too far from the bus stop and had therefore altered her “randomly” selected starting point.

Anyone who has been involved in conducting sample surveys knows the problems involved.  Mail surveys are notorious for their low response rates which makes the inferences drawn from them limited.  Although we should be careful not to dismiss the results of any linkages found only how far we can generalise the result  (assuming, of course, that it is not just an artifact of the sampling or measurement process).

Another type of problem with sampling theory is that it assumes there is some representative sample statistic that conforms to some type of sampling distribution.  Familiar statistics are measures of central tendency (means, modes etc) and measures of association (correlation, regression).  Non-parametric statistics use inventive ways of developing sampling distributions to test hypotheses.  Problems arise when the distribution of the relevant parameter in the population of interest does not conform to expectations.  Bimodal distributions are a simple example of this problem when estimating means and modes.  A more fundamental issue arises when the central limit theorem does not apply, that is the larger the sample the greater the sampling error.  

Fractals and chaos have served to undermine traditional approaches to sampling and analysis of data as is shown  by Liebovitch and Scheurle (2000). First they consider fractal systems.  The normal distribution is the basis for much statistical analysis, with most values such as sample means or varianves close to the population value and a few that are more divergent. “In fact, much of nature is definitely not ‘normal.’  It consists of objects having an ever larger number of even smaller pieces.” (p. 35).  In these conditions an average has no meaning.  Examples are trees that have an ever-larger number of smaller branches, mountain ranges with ever larger numbers of smaller hills, and a archipelago that has an ever larger number of smaller islands.  The average diameter of branches, of height of hills or area of islands has no meaning.  These kinds of objects are called fractals and have only fairly recently come into scientific analysis, although there are hints of the problems they cause in earlier work in statistics.  

As we increase the size of our sample for such objects and calculate sample means, the sample mean does not approach a limiting value i.e. the population mean.  Instead the sample means will either increase or decrease. There is no single value that is “correct” because a population mean does not exist.  The sample means increase if there are a few very big values in the population that are included as the sample size increases, and they decrease if there are many small values in the population.  Such conditions apply to the distribution of firm sizes, cities and towns, and transactions and are thus directly relevant to marketing research.  They call for some rethinking of sampling methods in these conditions.  As Liebovitch and Scheurle (2000) note, scientific articles almost exclusively characterize data by a mean and a +/- variance and yet this may be misleading.  Instead, the fractal dimension may be the meaningful measure. They give examples of where this is so, such as in measuring times between heartbeats.  We suspect there may be more examples of this in marketing (e.g. Peters 1994). “We are about to witness a dramatic change in our most basic tools of descriptive statistics, which will change how we analyze and interpret experimental data.” (ibid p 39).  

In the same paper the authors go on to show how chaotic time series data undermines traditional time series analyses because the time series measured from each experiment or sample will be different and not a “real” invariant property of the system. Instead the properties of the attractor(s) of the times series need to be the focus of attention. The relevance of chaotic time series to marketing has already been noted in the literature (e.g. Hibbert and Wilkinson 1994).

3.)  Observation -> Theory

The essence of science is that of seeing the general in the particular - of using a limited number of observations to make generalisations about the way some part of the world behaves.  Our generalisations are our theories which tell us how one thing affects another and under what conditions this or that will happen.  We base our decisions, behaviour and forecasts on out theories, be they everyday schemas or formal scientific theories.

A central issue in the debate concerning scientific method is the role of observations in generating theory.  Induction is the process of developing theory from our of observations.  Deduction is the process of working from our theories to our observations and we have discussed this already.  Both processes become entwined in the relationship between observations and theory.

The more observations we make that conform to our theory the more we tend to believe our theory is correct.  But we can never prove a theory is true, only that it is false.  Karl Popper, one of the giants of scientific method, highlighted the role of observations in refuting theories not proving them.  He argued that we make various conjectures or theories about the way the world operates and we subject them to test by making observations.  If our observations do not refute our theory we can go on believing it and using it.  A theory is not verified by the observations only not refuted.  As the famous example goes no mater how many white swans we may observe they can never prove that all swans are white.  But it only takes one observation of a black swan to refute the conjecture. Following on from this line of reasoning it becomes important that theories or conjectures are refutable. This means that it is possible, in principle at least, to make observations that are not consonant with the theory.

Unfortunately science is not so simple.  First a theory is usually made up of many interrelated hypotheses and a single observation cannot address them all. Some may be apparently refuted and others not.  Some hypotheses or conjectures may be seen as part of the core of a theory and others as more peripheral and thus a test of a less important hypothesis may not refute the theory as a whole.  Second, if a theory is refuted what is it replaced with?  We may consider revising our theory in such a way as to take account of the new observation and, in many ways, this is precisely what science does.   However there is a danger here.  Ad hoc post hoc revisions of a theory to accommodate inconsistent observations may not be well founded.  The aim of science is to identify basic causal mechanisms or generating processes (Easton, forthcoming, Sayer 1992) and a series of ad hoc accommodations to refuting observations does not a systematic theory make.  But a note of caution is in order.  As Keynes, one of the founders of modern economics, is reputed to have pointed out, most theorising in social science is post hoc.   Why is an observation made before a hypothesis is advanced any less valuable than one made after the hypothesis is made?  Surely all of geology and biological evolution rely on observations already made in developing and refining their theories. Of course their theories may also predict  other types of things that may be observed and sometimes they are (e.g. intermediate species, species adapted to different habitats).
Usually, competing theories exist and the aim is to make observations or tests which are powerful in that they can discriminate between rival theories.  One result refutes one theory another refutes the other theory.  Out of this competition among alternative theories better performing theories hopefully emerge. However, as already noted, there is no independent truth umpire that can tell us whether we are making progress and getting closer to “ultimate truth” – whatever that is!

Unfortunately, powerful discriminating observations among theories are rare and theories have a way of resisting being refuted.  This is particularly so in the social sciences where a variety of theories can be consistent with a set of observations.  Each is sufficiently “flexible” to account for the observations in their own terms. This is partly because many of the observations we make in the social sciences are of non-directly observable constructs such as attitudes and beliefs.  As a result our observations may be capable of many interpretations.

The latter issue is of more general significance.  If an observation refutes a theory or conjecture we have two options.  Either we throw away the theory or the observation.  Much depends here on the strength of each.  As we have discussed above observations are derived from theory – measurement theory – and may be shaped by the substantive theories of those making the observations (theory laden).  So the choice of which to suspect the theory or the observation depends on the relative strength of each.  If a theory has stood the test of time and has accounted for a variety of observations we tend to say, these days, that its probability of being true is greater.  When such a theory is confronted by one inconsistent observation we may suspect the observation.  We may be wrong however.  Science is in part a social institution and the ideas and theories people believe in are in part reinforced by others in their scientific circle.  Thus it is difficult to find acceptance of observations which may undermine existing theories and ideas.  Galileo had this problem.  When chaotic dynamics was first encountered it was not easily accepted.

4.)  Observations -> Reality

The act of observation can affect the reality it is trying to observe.  In physics this is manifest in the uncertainty principle that says that you cannot know the location and direction of a particle at the same time.  This is because the act of bombarding a particle with photons (light) to observe its position interferes with the direction of movement.  

In social science the problem is more severe in that the subjects of observation can react to the act of being observed and change their behavior as a result.  This distorts results.  There are numerous examples of this.  The most famous is the Hawthorne or experimenter effect. In studies of a manufacturing operation researchers found that productivity seemed to improve no matter what they did.  They tried increasing the intensity of the lights, decreasing the intensity and so on.  What appeared to be happening is that workers were responding to the act of being studied.  Interest was being shown in them, their work environment became more interesting and they responded accordingly.  Inanimate objects, we presume, do not act this way.  Other creatures than man can respond to the act of observation or experimentation and begin to learn the game and what the experimenter wants.  There are classic examples of the emergence of “superstitious” behaviour among pigeons and other animals in classical conditioning studies in psychology.  What happens is that incidental features of the experiment become confounded with the intended stimulus and the pigeons learn to respond to them as well – hence their supertitions.

More seriously for marketing researchers is the effect of questioning and overt observations on behavior.  Diaries are sometimes used to record people’s behavior over time as in consumer panels and in measuring media habits.  It is usual to throw away the first few weeks of observations because it is known that they are likely to be distorted.  After a while people it is hoped revert to their usual behavior pattern.  In experiments, there are the potential errors associated with sensitizing people to particular stimuli when questions are asked before an experimental treatment, such as watching an advertisement. 

In surveys we must be careful to avoid leading questions that invite particular answers and we must be aware of question order effects on types of response.  More generally the existence of constructs such as attitudes and beliefs are called into question.  As already noted, some have even argued that many of the attitudes and beliefs measured in surveys do not exist until the question is actually asked!  Most people do not think about many of the issues, products or services they are questioned about in surveys but develop their attitudes and beliefs in the process of responding to the questions asked.  Hence those not yet surveyed in a sense do not have formed attitudes and beliefs – it is an artefact of the interview itself! 

5.)  Theory - > Theory

The interrelations among theories and ideas have been discussed under the section on the nature of theory.  Here we emphasise that ideas do not exist in isolation from other ideas.  They are brought together in theories, presumably with some underlying logic that connects them, that is independent to some extent of those who hold the ideas (Welch and Wilkinson 2000).  But ideas also come together in peoples’ minds, in the form of their everyday theories or schema, and are interlinked with the ideas of others with whom they interact (Carley 2000).  In this way social systems, cultures and subcultures of like-minded people emerge, including in the scientific community.  Kuhn’s (1962) concept of paradigms and Lakatos (1970) research programs mentioned above, are systems of interrelated ideas comprising a particular theoretical perspective.  This includes ideas about the world as well as about ways of knowing and observing the world and what these observations mean. These ideas are held by groups of scientists working under a particular paradigm or in a particular research program.  Of course, there will be variations among scientists as to the detail of their beliefs.  The ideas of such a group will be manifest in the way they do science, the methods they employ the types of scientific papers they write and accept and the journal and conferences they use as outlets for their research.

In marketing, writers such as  Arndt (1985) have commented on the dominance of the empiricist tradition in “mainstream” marketing and how this shapes the papers published and research undertaken.  The debate about scientific method in the 80s and 90s revealed at least two schools of thought – the realists and the relativists.  Attempts have also been made to describe the different paradigms that underlie approaches to marketing theory or part thereof e.g. Carman 1980,  Dixon and Wilkinson 1989.  The dominance of the management metaphor in modern marketing research and the focus on the “channel captain” is another orientation that has been commented on e.g. Arndt, 1985; Tucker, 1974.

Ideas and theories are related also to other ideas in the ferment of scientific debate.  Theories and ideas compete both in terms of  their explanations of reality as revealed by scientific testing and analysis as well as in the arena of scientific debate.  In the journals and at conferences and even on the public stage, theories compete for attention and acknowledgement (Davis, 1971).  This is more than an impassionate debate of scientific niceties but is also a social process in which people and programs are championed and the scientific community reaches consensus or divides about which theories and ideas to uphold at any given time and place.  As a result some theories and ideas are abondoned forever, not simply because they have been refuted by observations, but because they lack support from the scientific community. Alchemy and astrology are removed from proper scientific debate.  Other theories and approaches can lie dormant for considerable periods of time or remain championed in some quarter of the scientific community, only to be rediscovered at a later date when new methods or discoveries give them new life.  The recent upsurge in work on complexity, non-linear dynamics and agent based simulations, of  which chaos is a part, is an example of ideas that have been around for some time but that have been unable to be followed until computers became more widely used.

6.) Reality -> Reality

Following on from the previous comments we have to understand that science itself is part of the reality we seek to understand and is itself a special kind of social institution.  We have defined reality2 to be the reality that includes science and scientific endaevours as part of it.  Science progresses (we hope) through scientific methods, the comparing of our ideas against our observations, and through the social process of interaction and debate among scientists. But science also affects other parts of reality – the way we view our world and respond to it. 

The pursuit of science can have positive and negative spillover effects.  One result of interplanetary travel, a result the pursuit of science, has been to increase our sensitivity to the earth’s environment – to spaceship earth. The way animals may be used for the purposes of science has called forth social action.  Scientists, in general, are held in high regard in society to the extent that their views on anything may be given more credence than others.  Even if they are talking outside their domain of expertise. Of course within the scientific community there is also a pecking order with physicists apparently still at the top! 

Science is reality and has it own rules of behavior that we seek to understand.  The study of scientific method is partly an attempt to study how science works but it is also a normative theory of how science should work.  Science as noted is a social institution with certain patterns and rules of behavior that have emerged over time.  We who are scientists are aware of the rules that shape our everyday behaviour - how universities enable and constrain our research and other activities, how our particular research community values some modes of thought and research more than others, how sometimes science is hoodwinked by bogus science (deliberately or not) e.g. Andreski 1972, Mills 1959,  Sokal and Bricmont 1999.

7.)  Theory -> Action

Scientific theory informs action, not only scientific action but the action of others, which we may call applied science or technology.  But it is not only scientific theory that informs action.  All action is informed by theory – our theories in use (Zaltman et al 1982,  Schon 1983)– or what we have referred to as schema.  Scientific method is a theory of scientific action which is both normative (prescriptive) and positive (descriptive).  Our measurement and sampling theories guide the way we make observations to test our substantive theories.   And in everyday life our everyday theories in use, be we a manager, buyer, seller or consumer, shape our actions.  Some times our theories in use are informed by scientific theories – those we learned at school or during our MBA.   We each operate in our own world of truth, which is updated through experience and interaction with others.  

8.)  Action -> Reality

The application of science in industry and society has transformed our world and our views of it. The dominant machine of the age tends to be a metaphor for understanding everything else – it used to be the steam engine, then the telephone network now the computer.  

The material culture of the world, the world of man-made objects, of technology, has transformed the way we work, act, interact and think and thereby changed the reality of the social and economic systems we seek to understand. Management in part behaves the way it does because it has been taught to behave that way in business school.  In  the process we subtly change the very nature of the marketing systems and practices we seek to understand and perhaps try to control. 

We may interpret these impacts and changes as positive and negative.  The progress of science has brought forth great boons to mankind in the form of control of many diseases, the prolongation of life and the enrichment of life’s possibilities.  It has also damaged parts of the environment, undermined traditional cultures and ways of life, excluded some from the mainstream.  This is a necessary part of science that is reflected in scientists and others concern about ethics in science.  The development and use of the atomic bomb is a clear example of the dilemmas involved.  

In the social and business sciences the problems are no less severe and difficult.  Through our development of theories about the way the marketing system operates we can help improve firm performance and the quality of material life in the form of valued goods and services.  But to the extent marketing theories serve some sections of the community more than others and conflicts of interest arise, ethical issues emerge.  Nothing is going to change this but being aware of these issues allows us to address them more explicitly and hopefully handle them better.

Conclusions

We have portrayed science as a social process that seeks to better understand the way the world in which we exist behaves and, thereby, to provide a better basis for action and intervention in the world.  We have identified a number of central components of this process and, through our discussion of these components and the ways they interact, we have revealed the many issues that challenge science and scientists in their pursuit of knowledge.  No work of science can ever be perfect in that it has no errors or achieves everything it was planned to do.  We can do better or worse science and there is bad science.  But there is not only one way to advance our understanding, one scientific method, but many forms of science with valid roles to play. This plurality of science is, we believe, healthy and reflects the many different issues confronting our pursuit of knowledge and the way they are handled.  We do not believe in simple taxonomies of approaches to science. Instead we see scientists as problem solvers who seek to advance our knowledge in various ways by overcoming and handling the many issues discussed in this paper. 
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