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ABSTRACT 

The statistical significance test is the dominant data-testing methodology 
in psychology, yet has many limitations which cast doubt on the suitability of the 
test for this position. The aim of this thesis is to outline why the significance test 
has attained its dominant status in psychology, and why the test remains in this 
position even after numerous harsh criticisms. 

To this end, there is a consideration of the nature of psychology as a 

scientific discipline and the socio-historical processes which have shaped this 

science. It is shown how these forces created the framework within which 
significance testing could be easily incorporated into psychology, due to the 
nature of the positivist-based philosophy underlying psychology and significance 

tests. 
Once the general conditions allowing the incorporation of significance 

testing into psychology have been given, there is an outline of the limits of 
significance testing, illustrating the inadequacies of this method. The factors 

responsible for the continued dominance of the method in light of its 

inadequacies are then outlined, and this shows that numerous powerful social 

and historical processes acting on psychology serve to encourage the retention of 

the test. 

Results of an informal survey of the data-analytic practises of New 

Zealand academic psychologists are included, which asked questions on such 
things as the main methods used and reasons ·for use of the methods. The 

results show that significance tests are the dominant method used by the 

respondents, and suggest a limited understanding, or ignorance, of the problems 
of significance tests amongst the respondents. 

Finally, alternative conceptions of science which attempt to overcome 

the problems of the dominant positivist approach are outlined. The possibilities 

for psychology and significance testing under these different conceptions are 
considered. 
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CHAPTER ONE 

Introduction: The Case Against Statistical 
Significance Tests 

It has long been admitted that statistical hypothesis testing methods, or 

more specifically, significance tests, have numerous shortcomings (Nunnally, 

1960; Rozeboom, 1960; Bakan, 1966; Meehl, 1967, 1978; Lykken, 1968; Hogben, 

1970; Oakes, 1986). Clark (1963) provides a clear review of the early criticisms, 
while Morrison and Henkel (1970) present a number of the major arguments 

against tests of significance. More recently, Oakes (1986) has put forward an 

analysis of statistkal inference in the social sciences and Chow (1988) brings us 

up to date with current critiques of significance tests and their alternatives. 

While the majority of these authors make clear the many limitations and 
misapplications of significance tests, some issues relating to the use of these 
procedures have not been adequately addressed. These issues involve 

questions including that of why d1d psychology adopt a methodology such as 

significance testing. There must be definite historic and social reasons 

underlying the choice of tests of significance as methodological tools in 

psychology. By identifying and considering these reasons we may be in a 

position to explain why these procedures have been so dominant in orthodox 

social science research at the expense of other, perhaps more efficient, 

alternatives. 

Another important aspect of the use of significance tests relates to how they 

are used. It appears there is a general misunderstanding of and misuse of the 

significance test within psychology. For example, there are two separate 

theories of significance testing - the Fisherian theory and a later theory, that of 

Neyman and Pearson. The latter theory is generally thought to be the 
orthodox theory of significance testing for psychology (Oakes, 1986). However, 

the standard account of testing which dominates in practice falls somewhere 

between these two conceptualizations. So, that which is used is not that which 

is meant to be used; it is a hybrid of two theories. This implies a questionable 

validity of the research using this illegitimate offspring of the parent version. 

But, researchers are not aware of this issue, and continue to misuse the 

significance test. Of course, even if they did use the 'proper' test there are 

problems of validity, too. So, the question we must consider here is why the 

misunderstandings and misuse? A consideration of the historical and social 
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forces impinging on psychology may uncover some answers here. 

Even with the criticisms and suggestions of alternative methodologies to 
replace significance tests, there has been little move towards rejection of the 

method. A cursory glance at any of the major psychological journals will 

evidence this, there being a heavy emphasis on such data-analytic tools as 

MANOV A, ANOV A and t-tests, all of which clearly use significance tests. 

And, the significance test is still the dominant statistical hypothesis-testing 

method taught to students of psychology. Because current textbooks continue 

to emphasize significance testing, this method has attained a status sim~lar to 
Kuhn's (1970) exemplars or paradigms. Why, then, is significance testing so 

important to psychology when it has been so heavily criticised and has been 
given little justification for it's use? Again, historical and social factors 
rel a ting to the development of this method will be seen to hold some 

answers. 
Thus, the aim of this thesis is to provide· an understanding of the problems 

of significance tests, suggest some reasons for these problems, and attempt to 

account for the unjustified hegemony of significance testing in psychology. 

Hopefully I will show there is every reason to be critical of significance testing 

and that this method is of little value to the practice of psychology. 
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CHAPTER TWO 

The Relation of Psychology and Philosophy and 
its Implications for Significance Testing 

It is an almost undisputed fact that psychology has adopted as its 
dominant philosophy a view of science which has many similarities to 

positivism or more explicitly logical empiricism (see for example, Gergen, 
1979; Manicas & Secord, 1983). The philosophy underlying a science and 
guiding that science influences the technical components of that science - in 

this case the data testing methodologies of the science. For psychology one of 
the main data testing methodologies is statistical significance testing. It 

follows, then, that to understand these technical components and how they 
came to be used, one must consider the dominant philosophy of the science. 
As shall be shown, there is a certain ironic quality in the adoption of 

positivism by psychology, as thi~ adoption was partly a result of a move to 
divorce psychology from philosophy. First, however, a brief outline of the 

concept of science which dominates within psychology will be given, this 
dominant view being what Manicas and Secord (1983), following Scheffler 

(1967) call the standard view of science. Then it will be shown how this 

standard view relates to logical empiricism and positivism 

2.1 The Standard View of Science 

This standard view holds to a foundationist epistemology, where 
scientific propositions are seen as founded on data; the test of truth of 
propositions is the correspondence between theory and data where hypotheses 

are to be tested against the 'facts' of hard data. 
The dominant methodological approach, the hypothetico-deductive 

approach, presents research as basically hypothesis-testing. There is an 

avoidance of large-scale theorising; generally, most researchers prefer to test 

hypotheses related to variables closely tied to observations. The 
hypothetico-deductive approach to testing tends to involve attempts to 
directly validate an operationalised version of a test hypothesis or, 
alternatively, indirectly testing research hypotheses through the use of 

empirical statistical testing procedures (Haig, 1989). The hypothetico-deductive 
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system gives a place to the use of inferential statistical methods, such methods 

of analysis as significance tests are seen as particularly useful in theory testing. 

The hypothetico-deductive method is the dominant system of theory testing 
in psychology (Cattell, 1988), and hypothesis testing the major focus of 

research. Where hypothetical constructs are utilised in a theory they are 

allowed to be treated either as genuine theoretical entities or as being purely 
heuristic devices or 'fictions' to facilitate prediction. In other words, there is a 

degree of realism allowed in psychological theorising or hypothesis testing 

under the standard view. What is most important is that in both these two 

cases the hypotheses must have a highly successful predictive capacity to be 

valid. 

The standard view adheres to the Humean or regularity conception of 

causality. This theory states that causality is shown by regular contingent 
relations between events - i.e., events which are causally related must be 

temporally and spatially linked, one must precede the other in space and time, 

and there must be some functio~al relationship, or covariation between the 

two events. Sometimes, however, regular contingent relations between 

events cannot be obtained universally; here it is acceptable to rely on reliable 

regularities between independent and dependent variables, or relationships 
amongst variables that have a high degree of probability of occurring. 

The account of scientific explanation which characterises the standard 

view sees explanation as subsumption under law. This covering law account 
will be dealt with in some depth later, but basically it states that explanation 
involves showing that a phenomenon to be explained conforms to 
well-established scientific laws (Keat, 1979). Explanation and prediction are 
seen as equivalent under this view. An ideal explanation is one which is 
deductive-nomological, but, in research, one can usually only attain 
inductive-statistical explanation. 

2.2 The Standard View and Positivist Philosophy 

The standard view of science appears to be held (albeit implicitly) by the 
majority of scientists, especially in the social and behavioural spheres. As will 
be shown, this conception of science owes a lot to the logical empiricist 
philosophy of science. Logical empiricism grew out of the logical positivist 
movement of the early part of this century, as formulated by the members of 
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the Vienna Circle. The general over-riding principle or belief of the Vienna 
Circle was that all knowledge could be accounted for without needing to refer 

to metaphysics, relying instead on a scientific world-view (Smith, 1986). The 

circle was, in this respect, following the positivism of Mach, but logical 

positivism saw a greater role for mathematics and logic in science than earlier 

positivists had allowed: "It is the method of logical analysis that essentially 

distinguishes recent empiricism and positivism from the earlier version that 

was more biological-psychological in its orientation." (Neurath, Carnap & 

Hahn, cited in Smith, 1986, pp. 41-42). Through the use of logical and 

empirical science the logical positivists hoped to be able to understand and 

know the world l!lore successfully than would be possible through the use of 

other philosophical methods such as those invoking metaphysics. 

With time, however, changes began to occur in logical positivism, as it 

was realised that a lot of assumptions of this philosophy of science were 

problematic - they were too strict, or did not match the reality of science, for 

example. The changes that took. place involved a liberalization of logical 
positivism, and it grew into a less extreme form of positivism, known as 
logical empiricism. 

2.3 Positivism and it's Liberalization 

In outlining a logical empiricist view of science, Feigl (1956) argued that 

scientific theories have an essentially network-like character, and a given 

formula or sentence relating two or more concepts in the network may be 

either analytical (definitional) or synthetic (factual), depending on the 

interpretation of the rest of the system; i.e. there is a systematic 

interchangeability of the character of formulae in the theoretical network. 
The liberalized positivists saw that the traditional logical positivist idea 

of adjusting parts of a theoretical network in an effort to attain a better 

empirical fit with data did not do any justice to the actual practice of science. 

Instead, the way science should and did proceed, according to Feigl (1956), and 

the logical empiricists was through the successive confirmation of logically 

independent hypotheses. Feigl argued that what was of greatest importance 

for the progress of science was the successive testing and securing of parts of 

science. Thus, by moving beyond the formal logical positivist view that, in 

principle, a theory is adjustable in any of its parts, logical empiricism allowed 
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the hypothetico-deductive method to dominate in theory-creation. In this 
way, the use of the hypothetico-deductive method became one of the 
conditions of the standard view of science 

The empiricist criteria of meaning, or the ways in which scientific 
meaning is imparted to concepts, was seen as important for logical 

empiricism. There are three different meaning criteria, each with a place in 
theory-testing. In this regard it was important, Feig! argued, to distinguish the 
criterion of (1) factual meaningfulness from the principle of (2) formal 

simplicity and the principle of (3) inductive simplicity. This empiricist 

formulation of the meaning criterion for theory-testing moved beyond the 

narrow principles_ of the logical positivist position which required direct and 

complete verifiability of concepts if they were to be valid and scientific, and 

which called for adherence to nominalist formulations. Nominalism states 
we may not assume that any statement or theory formulated in general terms 
can refer to anything other than individual, concrete objects (Kolakowski, 
1972). Conceptual instruments, 9r terms for objects which don't exist in 
reality, were seen as valid by logical positivists as long as they were given a 
fictionalist interpretation. According to fictionalism 'unobservables' do not 

exist except as names or words used for the convenience of our calculations. 

The theoretical terms of a genuine science are to be understood as operational 

definitions, defined in statements making use of observational terms (Keat, 

1979). Logical empiricism recognised the problem with this narrower view 

was that the logical positivists ignored the fact that "There are many concepts 
at the growing edge,of scientific theorising whose meaning may be only very 
incompletely determined or very sketchily outlined. In this regard there is no 

sharp line of demarcation between science and inductive metaphysics ... " 
(Feigl, 1956, p. 15). The extreme logical positivist insistence on direct and 
complete verifiability would reject possibly valid inductive claims as 

metaphysical. Furthermore, logical positivists refused to call value judgment 

and normative statements knowledge. They rejected the assumption of 

values as characteristics of the world; values are not discoverable in the same 

way as real (objective knowledge consisting of facts) knowledge. Logical 
positivism argued that we must reject the assumption that beyond the visible 
world there exists a domain of values in themselves with which our 
evaluations are somehow linked. Positivists insisted that the only relevant 

test for the acceptance or rejection of scientific claims was whether or not 
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these claims were consistent with the empirical data or the body of facts 
established through the senses. This data must be theory-neutral and 
objective; in other words, intersubjective agreement must be possible for the 
data, and the type of data that best met this condition is quantitative. So, while 

the logical positivists rejected the possib.ility of metaphysical, a priori 
knowledge as being scientific, the logical empiricists, realizing the strictures 

this placed upon scientific research, were willing to allow some degree of 
metaphysics into their science. 

Under the logical empiricist meaning criterion, the principle of 
inductive simplicity (parsimony) was used in the type of situation where 

research dealt wit~ concepts at the 'growing edge' of science to decide on what 

was acceptable. Here, two theories under test get judged on their factual 
content, and that which is factually simplest is favoured. This strategy is part 
of standard hypothetico-deductive procedure. In relation to the principle of 

formal simplicity, this criterion was used to assess the meaningfulness of 

statements and make some judg~ent of preference when the factual content 
of two cognitive systems was invariant under purely analytic transformations; 

here logico-mathematical methods were used to test for meaningfulness. 

As for the factual meaningfulness criterion, this applied exclusively to 

transcendant metaphysics or· theology, or hypotheses which were 

unconfirmable in principle, involving concepts isolated from the observation 

base of science, or metaphysical concepts. This factual-meaningfulness 
criterion required confirmability-in-principle for statements and logical 
connectability with the terms of a defined observation basis for concepts as at 

least necessary conditions for scientific meaningfulness. Under this more 
liberal formulation of a meaning criterion there was still a rejection of 
extreme metaphysics or unknowable-in-principle questions as being scientific 
(such as questions on the existence of God, or of the existence of a soul). But 
logical empiricism admitted empirically testable, if essentially undefined, 
terms. Thus, logical empiricism is essentially a non-transcendental form of 

realism. Adoption of a . more libe~al meaning criterion permitted the 

abandonment of logical positivism's radical operationism and 
phenomenalism. Radical phenomenalism stated there is no real difference 
between essence and phenomena; only that which is actually manifested in 
experience is recordable. Phenomenalism stated that metaphysics and 
subjectivity must be rejected from scientific study; reference to accounts of 
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causes in terms of entities inaccessible to human inquiry was not allowed 
(Kolakowski, 1972). 

Under logical empiricist realism, a critical empirical realism, theoretical 

knowledge was regarded as a network of concepts and propositions which 

were connected to the data of immediate experience in only a few places. In 

the majority of cases knowledge involved free construction. This is the free, 

but tentative, positing of a language which has some particulars and 

universals corresponding to data and directly experiencible objects, but the 

majority of this language's particulars designate unobservables. Under logical 

positivism, it was held that the meaning of a statement consisted in its truth 

conditions; these ~ruth conditions were usually taken to be verifying data - so 

the meaning criterion was identified with the verifiability criterion. With the 

liberaiization of positivism, or the allowance of realism, it became clear that 

the strict meaning criterion could not work, as existential hypotheses could 

not be logically translated into statements about evidential data, these 

evidential types of statements ~eing necessary if a hypothesis was to be 

verified under logical positivism. Instead of the logical positivist meaning 

criterion, a network analysis of scientific concepts and laws was needed where 

the verifying evidence was to be viewed as causally related to evidenced 

theoretical entities. Observation was important as a criterion for a concept or 

statement's meaning or confirmation, but logical empiricists were willing to 

allow the existence of objects which manifest themselves through influencing 

other, observable, entities. But, importantly, the unobservable entity being 

postulated was not reduced to observation, only combined with other 

constructs in the network; the influence of the postulated construct was 

predicted and, on the basis of the observation, the prediction was seen as 
confirmed or disconfirmed; thus the construct was confirmed or disconfirmed 
(Cronbach & Meehl, 1956). The meaning of theoretical constructs is properly 
explained or given in terms of their locus in the nomological network (Feigl, 

1956). Logical empiricism saw laws as crucial to the formation of and meaning 

of concepts. 
One important consequence of the development of the empirical 

realism of the logical empiricists was that it led to a revision of the thesis of 

the unity of science, which held that all sciences could be reduced to a 

common base providing all necessary theoretical and methodological 

conditions for the practice of science. This thesis was one of the major aims of 
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logical positivism. The aim of unity was linked with a belief in the essential 
unity of scientific method, or the belief that methods for acquiring and 

outlining valid knowledge are basically the same in all spheres of experience 

(Kolakowski, 1972). Under positivism's conception of unity of science, 

physicalist language was to be the universal language of science. Through this 

physicalism it was considered possible to formulate a neutral intersubjective 

data base of knowledge, rather than attempt to make assertions about reality. 

The physicalist language was to provide an intersubjective empirical 
foundation of knowledge for the purpose of unity of science (Feigl, 1956). This 

unity of science, so important if science was to serve as the true way of 

knowing the wor!d, was a consequence of the thesis of the reducibility of the 

languages of all sciences to a unitary basis (the thesis of naturalism). The unity 

of science was to be arrived at through three processes, the first of these being 

the unity of scientific concepts, i.e. the idea that all concepts are reducible to 

the physicalist observation language; thus all scientific concepts would be 

assured of empirical significance .. The second type of unity was the unity of 

scientific laws. It was thought that certain laws could be shown to be logically 

derivable from others until the construction of one homogeneous system of 
laws for the whole of science was achieved. Unity of method was the third 
process necessary for the unity of science. This was based on the 
hypothetico-deductive method. It was maintained that all empirical sciences 

could and did use this method to test theories or hypotheses, thus making it a 

universal method. 
The logical empiricists' rejection of the possibility of the unity of science 

involved the rejection of the physicalistic language of logical positivism in 

favour of the empiricist view that the concepts and statements of factual 
science must be related to concepts designating the data of experience. With 
this change in the criterion of meaningfulness the possibility of the unity of 
science was no longer open, for it would not be possible to attain an 
intersubjective, empirical, foundation for knowledge. Rather, the ultimate 

aim of logical empiricism was an ideal unitary science that would utilise a 

unitary nomological network where the concepts designating observables 

were joined with the concepts designating unobservables by lawful 
connections. The actual achievements of science do not meet this ideal 
however, just as scientific explanation is not deductive-nomological in 

character but inductive-statistical. Feigl took the reality of science to be an 
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unfinished growing science. This science is understood by reference to 

partially interpreted postulate systems making use of the idea of coordinating 

definitions or semantic designation-rules. These link the concepts of the 

previously uninterpreted postulate system and the concepts of the 

observation language. The meanings of observation terms are either taken for 

granted on the basis of natural language formulations, or introduced through 

explicit or conditional definitions. However, it is not justified to assume a 

one-to-one correspondence between the concepts of the postulate system and 

the observation language. This is because there exist nuisance variables. In the 

process of theory confirmation these variables must be accepted, even if they 

cannot be dealt w:ith until more knowledge is gained. Thus, initial theoretical 

concepts may be sketchy because nuisance variables may be present which 

cannot be accounted for under the theoretical formulation. 

After giving the criteria of different forms of meaning for logical 

·empiricism, Feigl outlined the logical empiricist view on the presence of 
metaphysical presuppositions in. science. As has already been noted, the 
liberalized positivism of logical empiricism saw a justification for two types of 

metaphysics. These were the examination and explication of the basic 

concepts, methods and assumptions of science (or, more explicitly, philosophy 

of science), and inductive metaphysics. This latter form of metaphysics is 

" ... the highly extrapolative - and in this sense precariously speculative -

pursuits of the synthesis of a well-rounded world view." (Feigl, 1956, p. 22). 

The sort of metaphysics logical empiricism objected to were, as previously 

stated, the claims of transcendent realism, claims that were in principle 

untestable. Feigl argued that this type of metaphysics could only lead to 

disaster for science. Any assertion regarding nature was scientifically 
meaningful only if it was, in principle, confirmable or disconfirmable. This 

commitment can be seen in the standard view of science with its 

foundationalist epistemology and adherence to a hypothetico-deductive 

methodology. 
Feigl argued for the place and value of induction in science, arguing that 

the procedure of normal induction is the only methodological procedure that 

can be shown deductively to be able to disclose uniformities in the world. As 

well, the inductively established general postulate that our world contains a 

vast amount of independencies in addition to a limited amount of 

dependencies, is a precondition for all types of special causal and statistical 
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research. This is part of a set of postulates of science. These postulates of 
science are the basic assumptions making up the scientific theories 
themselves; they are not philosophical or metaphysical. Induction was 

regarded as of great importance for science by Feig!; he saw its justification as 
lying in its provision of the possibility of an increase in the predictability of 

empirical laws. 

This, then is an outline of some of the basic features of positivism and 

its later liberalized form, logical empiricism. In putting these features forward, 

Feigl was explicitly concerned with the criterion of factual meaningfulness 

under an empirical realism and the view that science requires metaphysical 

presuppositions. _However, in his discussion of these matters we can see 

features of a conception of science which closely correspond to that of the 
current standard view of science. 

2.4 The Nature of Psychology and Logical Empiricism 

Gergen (1979) outlined the way the positivist programme has been 
adopted within psychology. In his discussion he referred to social psychology, 

but his outline is relevant to psychology in general. In the process of research, 

observation and testing are to proceed on rigorous grounds, controlling for 
nuisance variables, and allowing for replication by those doubting the validity 
of the research (Gergen, 1979). This fits with the logical empiricist view 
outlined in relation to the unification of science. The aim of unification states 
that the concepts and statements of science must be related in some way to 
concepts designating the data of experience. In this way there can be reference 
to shared experiences, or shared observations, which can be used to validate 

research through replication. 
Logical empiricism rejected any sort of one-to-one correspondence 

between scientific concepts and the observation language of science; this 

realisation, and acceptance of, the place of nuisance variables and the rejection 
of a strong correspondence theory of truth is implied in the experimental 

method of psychology. As Gergen (1979) has shown, this method allows for a 
high degree of control, with the experimenter systematically examining the 
effects of single factors, alone or in selected combinations, while holding all 
other influences constant, in an attempt to eliminate nuisance varibles. This 

strategy also corresponds with the hypothetico-deductive system's allowance 
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of the successive testing and confirmation of logically independent 
hypotheses. 

The emphasis on testing individual hypotheses which was present in 

the logical empiricist programme is, as noted, an important component of 

psychology's standard view of science. Both psychology and logical 

empiricism state that the way research should, and does, proceed is through 

the successive confirmation of hypotheses making up the nomological 

network of science. 

Of course, the foundationist epistemology of the standard view of 

science was an obvious feature of logical empiricism, with its emphasis on 

testing hypothe~es against 'the facts'. Moving away from the strict 
phenomalism of logical positivism the empiricists realised that some degree 

of realism was needed in science if one was to be able to sucessfully 
understand the world. However, this acceptance stopped short of complete 

realism when it came to accepting transcendental realism; the posited entities 

had to be testable through obse~vation, even if indirectly. This empiricist, 

realist commitment to an understanding of hypothetical constructs as 

representing real mechanisms productive of predictive outcomes is seen in 

the standard view of science. 

While it was not explicitly stated in the preceding outline of logical 

empiricism, a key assumption of this philosophy was that causality involves a 

regularity theory of causality as outlined under the standard view of science 

(Harre and Madden, 1975; Sayer, 1984; Haig, 1989). As well, the logical 

empiricist rules for explanation are present in the standard view, with its 

adherence to the importance of laws for explanation, and the importance 

given in scientific research to the place of induction in explanation. 

Some other important conditions of the standard view of science which 

relate to empiricism should be outlined. For example, the logical empiricist 

conception of data used to test hypotheses and validate scientific studies (or 

the data that allows explanation) has two major characteristics (Keat, 1979). It 

must be theory neutral and it must be objective. Mathematics is seen as a 

valid language here, for it is precise and unambiguous and can extend our 

powers of deductive reasoning far beyond those of purely verbal methods; as 

with logic, the validity of mathematical meaning is seen as clear-cut and 

subject to internal, rather than empirical, checks (Sayer, 1984). Using 

mathematics one is able to calculate the degree of support given for various 
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competing theories by the available evidence and make a choice between 
them. In the standard view of science, statistics are seen as the best way of 

representing the data of science, with statistical hypothesis testing methods 

being the best way to gather support for one's hypotheses. This particular 
feature of science currently dominates research. 

Another aspect of psychology which results from an adherence to forms 

of positivism is the distinction and disjunction between the context of 
discovery and the context of justification. The distinction between the context 
of discovery and the context of justification was first outlined by Reichenbach 
(1938). The two contexts are dimensions of the process of scientific theorising, 

and involve a . distinction between epistemology and psychology. 
Epistemology, according to Reichenbach, has, as one of its tasks, the 

description of knowledge as it really is. Epistemology is concerned with 
internal relations; that is, relations which belong to the content of knowledge 
and which must be realised if we are to understand knowledge. Reichenbach 
notes that there is a large differe~ce between the definition of epistemology -
or the idea of a system of logical interconnections of thought - and 

psychology. Epistemology does not regard the processes of thinking in their 

actual occurrence; this is the task for psychology. Epistemology instead 

considers a logical substitute, or a rational reconstruction, of the processes of 

thinking. Rational reconstruction corresponds to the form in which thinking 

processes are communicated to other people rather than the form in which 

they are subjectively performed. 

The contrast here is between the context of justification and the context of 

discovery. Epistemology is only occupied in the construction of the context of 
justification: "We emphasised that epistemology cannot be concerned with 
the [context of discovery] but only with the [context of justification]; We 
showed that the analysis of science is not directed toward actual thinking 
processes but toward the rational reconstruction of knowledge" (Reichenbach, 

1938, p. 382). 

So, Reichenbach's distinction between the contexts of discovery and 

justification involved a distinction between psychology and epistemology. 
Psychology is concerned with the actual processes of thinking. Epistemology, 
being a rational reconstruction, is concerned with the construction of thinking 
processes in a way in which these processes ought to occur if they are to be 

ranged in a consistent system (Nickles, 1980). Reichenbach's distinction 
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between the context of justification and the context of discovery is a 

distinction between scientific activity itself and that activity as logically 
reconstructed (Curd, 1980; Nickles 1980). 

This distinction has since been interpreted to mean that the context of 

discovery can be of no concern to philosophy of science. This development of 

Reichenbach's distinction has arisen under logical positivism and its 

hypothetico-deductive account of method and is attributable to Popper and 

positivists such as Hempel. The hypothetico-deductive account is the 

standard theory of method in psychology (Cattell, 1988), and, according to one 

observer, has become the official methodology of science (Nickles, 1980). Thus, 

the rejection of th~ context of discovery has become near-universal in science. 

The hypothetico-deductive account of method saw theories and 

hypotheses as simply guesses, the manner in which they are generated being 

irrational and intuitive (Curd, 1980). Under this view it is of no concern to 

philosophy how the theory or hypothesis is generated; this is instead a 

psychological matter. The methodology of science under the 

hypothetico-deductive account was seen to be concerned only with the 

justification of scientific ideas, not their generation. This Popperian-positivist 

understanding saw the context of justification as the process of corroboration 

or confirmation of theories and hypotheses. The context of discovery was 

understood as the process of formulating or generating hypotheses, a process 

irrelevant to philosophy (Curd, 1980; Nickles, 1980). The Popperian-positivists 

rejected, along with the context of discovery, any logic of discovery. 
Justification is said to have a logic, but discovery is seen to be a non-rational 

process where logic is given no place (Curd, 1980; Gutting, 1980; Nickles, 1980). 

However, this Popperian-positivist distinction is not the same as that 
developed by Reichenbach (Curd, 1980; Nickles, 1980) - Reichenbach's 
distinction has been misinterpreted. Curd (1980) and Nickles (1980) argue that 

Reichenbach did not intend to draw a sharp disjunction between the contexts 

of discovery and justification: "[His] stated purpose in introducing the 

two-context distinction was simply to explain the relation between a rational 

reconstruction and what it was a rational reconstruction of" (Nickles, 1980, p. 

12). Furthermore, Reichenbach's distinction, as properly understood, allowed 

a logic of discovery. 
Under the standard view of the discovery /justification distinction, the 

distinction is regarded as a temporal distinction, so there is little philosophical 
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interest in what scientists do before they obtain their complete theories. The 

formulation of theories or hypotheses is seen to be an illogical, unintelligable 

process, often involving an instantaneous flash of insight or an ineliminable 

psychological element - in Curd's (1980) words, a eureka moment. Thus, the 

apparent impossibility of a logic of discovery under the hypothetico-deductive 

approach. However, if that which is of interest is not so much the actual 

psychological processes leading to the discovery but rather a rational 

reconstruction of these processes, a logic of discovery is possible. This logic 

will in fact be the rational reconstruction of the period of theory generation 

within the context of justification (Curd, 1980); meaning a logic of discovery is 

possible under _Reichenbach's formulation. Unfortunately, due to an 

adherence to a quasi-positivist philosophy (including the 

hypothetico-deductive method) the majority of psychologists ignore the 

context of discovery. 

One of the implications of the quasi-positivist rejection of the context of 

discovery from philosophy is t~at the methodology of science becomes 
concerned only with confirmation and corroboration and not with the 

generation of scientific ideas (Nickles, 1980). This has resulted in a distorted 

conception of scientific activity. A related problem is as long as there is a 

rejection of the context of discovery there will be an ignorance of, or rejection, 

of the role of the scientist's values, beliefs and presuppositions in the process 

of science. This means science will continue to be seen as a value-free 

enterprise, and the methodologies which dominate in science will be those 

apparently value-free methodologies like significance testing. 

2.5 Summary 

As should be obvious, the standard view of science is closely tied to the 
logical empiricist view of science, and the dominant scientific practises and 

presuppositions of most psychologists are those prescribed by logical 
empiricism; there is nothing new in this idea (For example, see Cattell, 1966, 

1988; Toulmin, 1978; Gergen, 1979; Manicas & Secord, 1983; Sullivan, 1984; 

Manicas, 1987). And, the methodologies used by these adherents to the 

standard view of science are, in the main, statistical hypothesis testing 
techniques, with a heavy reliance on statistical significance tests. Later, I will 

show that significance tests are laden with positivist theory, and as a result of 
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this, these tests are, in the words of one commentator, "the most widely-used 

technique of inferential statistics in the social sciences." (Spielman, 1974, p. 
211). 

Psychology, then, adheres to a standard view of science based on a 
quasi-positivist conception of the nature of science, with the actual research 

practices of psychologists closely tied with this positivist conception. The 
reason for the development of positivism as psychology's guiding structure 
will be illustrated through a brief outline of psychology's hi~tory. One 
implication of the outcome of this history is that the new methods taken up 

by psychologists - i.e. various forms of statistical data analysis - were ensured a 

non-challenged ~ominance, because psychologists were keen to avoid any 

forms of philosophy or theoretical discussions about the nature of psychology. 

This will be followed by a discussion as to the theory-laden nature of 

psychology. 
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CHAPTER THREE 

The Role of History: Psychology's 
Growth into a science 

Unfortunately, accounts of the beginnings of psychology are steeped in a 

certain degree of controversy. It appears to be the case that historians of 

psychology· have tended to distort things somewhat to suit their beliefs or 

approaches to psychology. For example, Boring's (1950) "A History Of 

Experimental Psychology" is often criticised as being one-sided due to the 

author's positivist orientation. In the same way historical studies by authors 

like Danziger (1979) and Leary (1978, 1979) reflect their anti-positivist stance, so 
different emphases are placed on the role of different figures in the history of 
psychology. 

One thing that is clear is that psychology developed out of philosophy, 
and late in the nineteenth century broke away from phi-losophy to become an 

autonomous science. 

3.1 Psychology's Beginnings 

Historically, while psychology's roots stretch back to such thinkers as 
Aristotle and Plato, the classic Greek tradition, it is probably most convenient to 
locate the beginnings of psychology as a scientific discipline around the time of 

Gottfried Leibniz (1646-1716) and John Locke (1632-1704); that is, at the 

beginning of the Enlightenment. 
These figures, and numerous others that followed, laid the groundwork for 

psychology, formulating ideas and theories that made it possible for later 

philosophers, scientists, and psychologists to develop and formalize a scientific 

psychology. This took place within the context of the ideas developing from the 

new sciences of the Enlightenment. 

Descartes, Newton and Galileo had already started to conceive of science 

as a quantitative mathematical undertaking which meant that the objects of 
science had to be easily measurable. This necessitated a concentration on 

primary qualities - the sensory qualities which can be measured with little 

trouble, as opposed to the more subjective secondary qualities. Descartes's 
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mechanistic world-view, which conceived of the world as a complex machine 

obeying deterministic mathematical laws knowable to the mind, was 

formalised and systematized by Newton's physics into the basic guiding 

principles of the new science. Mirroring Descartes' world-view was his 

mechanistic psychology, which advocated mind-body dualism where the 

physical (body) is seen to interact with the mental (mind). The body was seen by 

Descartes as a machine and materialist, mechanistic scientific concepts were 

used to explain the processes of the mind and how it interacted with the body. 

The body was held to exist in the material world, the world of primary 

properties, while the mind was located in the subjective world of consciousness 

(the area of secondary qualities) - hence the need for a mind-body dualism. In 

terms of knowing or understanding the secondary world of human 

consciousness, Descartes proposed the need for introspection. The primary, 

objective, mechanical-material world was seen as knowable through science, 

which could also uncover the actual mental processes of the mind, as opposed 

to understanding consciousness. 

Locke, in his philosophy, took the important step of concentrating on 

how the mind works rather than on what it knows; he wanted to show what 

could be empirically known about the human mind, moving away from 

Cartesian forms of metaphysical speculation on questions of what is knowable 

(Leahey, 1987). Locke felt that all our ideas and knowledge are derivable from 

experience alone, his philosophy being at the base of the British Empiricist 
tradition (Herrnstein & Boring, 1966). Locke differed from Descartes in how he 
went about studying the mind. Descartes saw the possibility of using pure 
reason to find the nature of the mind, while Locke was in favour of empirical 
methods, believing there to be limits to human reasoning. Locke's thinking 

was important in relation to a scientific psychology in that it first outlined the 

possibility of a purely empirical psychology, a conception which has reappeared 

continuously throughout the development of the discipline. Descartes' method 

of reasoning involved the discovery by reason of intuitively obvious truths 

and the deduction from these of other truths. This was a rationalistic method 

emphasising the role of introspection in philosophical activity (Robinson, 1982; 

Leahey, 1987). Descartes saw the way to absolute truth as being through reason 

rather than perception. In this way he differed from the empiricist tradition 

developed from Newton and Locke, and, as we shall see, varieties of Descartes' 
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rationalism with ifs emphasis on reason tended to dominate in German 

thought, especially nineteenth century German idealism. Important in the 

growth of this German tradition is the influence of Leibniz. 

3.2 The German Tradition 

The ideas of Leibnizean thought related to questions of what the 

metaphysical basis of the universe might be. Leibniz wanted to answer this 

question through his philosophy. He believed that nothing exists or occurs 

without there being a sufficient reason as to why it should exist or occur; there 

must be some sort' of cause powerful enough to account for the occurrence of 

every event or existence of every object. This cause was identified by Leibniz as 

God; no object or event can be explained in terms of itself. Following from this 

was the belief that knowledge cannot be derived solely from sensory 
experience. Thus he rejected the empiricist ideas of those who followed from 
Newton in favour of the view that' the mind is structured in certain ways from 

birth which helps determine what we know. The way we were to understand 

these structures was through the use of metaphysical speculation and 

philosophical analysis. Included here was the use of logic; indeed, as Leary 

(1980) notes, Leibniz was one of the first to advocate the application of 

mathematics to the processes of human thinking. He believed in the possibility 

of developing a mathematical logic of decision making which could be used 

when evidence for, and outcomes of, decisions were probable rather than 

certain. Leibniz attempted to show the possibility, and necessity, of 

mathematical analysis for philosophy. This was at a time when important 
developments were taking place in relation to probability theory, especially in 
the sphere of social and moral issues - quantification was beginning to 
dominate in most spheres of intellectual- activity (Todhunter, 1865; Maistrov, 

1974; Hacking, 1975). 

Many of Leibniz's ideas were brought to the attention of the German 

academic world by Christian Wolff (1679-1745) (Leary, 1980a). Wolff was 

influential in reasserting the importance of Leibnizean rationalist metaphysics 

in German philosophy (Leahey, 1987), systematizing and popularising various 

of Leibniz's ideas, and the metaphysical philosophy put forward by Wolff 

dominated German thinking for years, blocking the way of the empiricist 
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tradition developing out of Lockean thought. 

Kant (1724-1804) came into contact with Leibnizean thought through 

Wolff, being one of Wolff's students, and as a result a follower of Leibniz. After 

exposure to Hume's empiricist philosophy Kant moved outside of his 
'Leibnizean dogmatism' and started to formulate his own philosophy, as he 

_saw Hume's anti-metaphysical, mechanistic positivism threatening to the 

possibility of finding certain knowledge. But, both the Leibnizean and 

Newtonian philosophies influenced Kant, he was unable to " ... rid himself of 

the age-old quest for the transcendent universal, the absolute and the necessary, 

though simultaneously he was a strict Newtonian scientist" (Kantor, 1969, p. 

207). This is more than evident in Kant's conception of natural science which 

has one part based on a priori principles and a part based on empirical 

principles. That based on empirical principles is not a genuine natural science, 

as, to be genuine, natural science necessarily needs a knowledge of its system 

through reason. The part of science based on a priori principles, the rational 

part, is the only part that is properly labelled natural science, argued Kant. 

The empirical part of a particular natural science provides particular or 

empirical laws, these laws can only be discovered through experience. 

Empirical laws are confirmed or refuted through observation, experimentation 

and mathematics. These laws are only comparative, they cannot contain the 

universality of the a priori principles of the rational parts of science. 

The pure and empirical parts of a natural science are joined through 

reason, and it is only because of the idea of the application of the principle of 

pure reason to bridge the gap between the empirical and pure parts of science 

that we can actually carry out science (Gouaux, 1972). This all-too-brief outline 

of Kant's views on science is extremely relevant to his conception of the nature 

of psychology, as we will now see. 
In fact, if it were up to Kant, there would be no scientific psychology - he 

denied the possibility of a scientific study of human nature ( Leary, 1978, 1979, 

1980a; Robinson, 1982, 1985; Leahey, 1987). 

3.3 Kant and Psychology 

Kant had, in his Critique of Pure Reason taken as one aim the attempt 

to critique the rational psycho\ogy of the time, the psychology that had 
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developed through Leibniz and Wolff. This rational psychology was that which 

attempted to ascertain the nature of the thinking subject by means of rational 

analysis; the definition of this rational psychology had been made by Wolff 

who stated rational psychology was the metaphysical science of all that is 
possible to the human soul. 

Kant argued (here I follow Leary, 1978, 1979, 1980a; Robinson, 1982 and 
Leahey, 1987) that there can be no purely rational knowledge of the soul. We 

can only comprehend the nature of the soul through empirical propositions of 

the nature of 'I think', propositions based upon a posteriori experience rather 

than a priori knowledge. Experience, argued Kant, could not provide a basis for 

a rational and certain proof of the nature of the soul. Nothing necessarily 

follows from our awareness of the 'I', and even if there does exist a noumenal 

'I' accounting for the a priori possibility of knowledge, it is not possible to 

validly predict any attribute besides existence from this T. 
Rational psychology was impossible for Kant; we can only study our 

'souls' under the guidance of experience (Leary, 1978). Psychology could only be 

an empirical science for Kant. This science would provide a natural description 

of the soul but was unable to become a natural science proper nr give any sort 

of demonstrative knowledge of the soul, for the reason that psychology could 

not be based on a priori principles. The empirical data of psychology was 

limited in that it lacked a spatial dimension, existing only in the dimension of 

time. Psychology's data were purely mental phenomena, which meant 

psychology could not be studied through mathematics. Like Leibniz, Kant saw 

mathematics as important to science, mathematics providing science with ifs 

rational foundation. Mathematics provided the necessary means for the a 
priori construction of concepts by providing the inherently rational 
relationships between any empirical data statements gained through 
knowledge. There was no way any rational relationships between the empirical 

data statements of psychology could be shown. From this it followed that there 

was no certain or a priori knowledge for psychology, only empirical knowledge. 

The knowledge or data of psychology could only be collected through inductive 

or a posteriori means; contrary to any Leibnizean arguments, psychology could 

not be mathematized. 

Psychology could not be experimental, either, argued Kant, as there is no 

way of controlling mental phenomena and because the observations of mental 
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phenomena gained by psychology thr6ugh introspection are distorted and 
restricted. This distortion is due to the fact that only introspection of one's own 
mental phenomena is possible, which may not be accurate; the actual process of 
observing one's mental phenomena may distort them. 

So, for Kant, psychology could not become a rational science based on 

mathematics and yielding necessary truths, nor could it become experimental. 

The only possibility Kant did see for psychology was that of improving ifs 
standing as an empirical (as opposed to real) science. This would be through the 

use of anthropological methodology; psychology would have to abandon ifs 

introspective orientation, instead studying people in the world as they behave 
and interact with one another. The aim of this empirical psychology would be 
to understand people's actions, behaviours and knowledge through the study 
of different cultural groups using history, biography and cultural artifacts such 
as literature, art, and other creations of the society. Kant argued for the 

possibility of a natural-historical psychology, a vision of psychology that was to 

reappear with Wundfs social psychology. But Kant argued psychology could 

never become a true (i.e. a mathematical and experimental) science. 

3.4 Reactions To Kant: Scientific Psychology Is Possible 

It took the efforts of a number of post-Kantian philosophers and 
psychologists to develop the possibility of a scientific psychology. While Wundt 
is seen as the 'father' of experimental, scientific psychology, he is not the figure 

wholly responsible for psychology's scientization. It seems in fact that it is 

largely a result of reactions to Kant's views of psychology and science that 

psychology became scientific (Leary, 1978, 1980a, 1980b). 
So, on one hand we have Leibniz's espousal of mathematical 

psychology, or more directly, a mathematical human science, part of a wider 

belief in the importance of and necessity of mathematics for philosophy. Wolff 
also emphasized the possibility of using mathematics in psychology. The role 
he saw for mathematics was to aid in studying the interrelations of mental 
phenomena. The possibility of a mathematical (and thus scientific) psychology 
had, then, been put forward but was refuted by Kant. This was during the 
period from the scientific revolution to the Enlightenment, where the general 

intellectual framework favoured the application of mathematics to intellectual 
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activity of all sorts. Mathematics was being applied to numerous sciences with 
great success and the major thinkers of this period were praising the 

mathematical sciences. The implications for those philosophers interested in 

the study of human knowledge was clear: if psychology was to be a valid 
intellectual enterprise it had to be scientific. 

At least, this was the implication for those philosophers who followed 

the empiricist, mechanistic, naturalistic tradition. Naturalism "proclaimed the 
authority of immediate experience and insisted that the final test of every 
factual allegation is conducted in the moral arena of every man's mind .. .In the 

end, all such allegations can carry no more weight than a certain probability of 
truth, a degree of plausibility which may be enhanced or diminished by further 

and different experiences." (Robinson, 1982, p. 23). 
Naturalism was organised and grew from Descartes, Newton and Locke. 

Naturalist ideas dominated the thought of the leading figures of the 

Enlightenment and were promoted and emphasised through the 

Enlightenment, especially in French and British thinking. With their 

empiricist, associationistic, mechanistic ideas on human· behaviour and 
thought, the Enlightenment philosophers' beliefs are at the base of our current 
scientific psychology. With the Enlightenment, psychology began to replace 

metaphysics as the main philosophical method. The philosophers of the 

Enlightenment turned to psychology to give. answers as to the nature of human 
knowledge. David Hume (1711-1776) for example, carried on Locke's attempts 

to replace metaphysics with psychology as the foundation for the other sciences 

(Leahey, 1987), because he thought science was a human enterprise. Hume 

regarded our perceptual experiences as the most important element of scientific 
study, with 'ideas' being relegated to a lesser status. For Hume, all ideas had to 
be traceable to a perceived impression to be worthy of scientific study. Any ideas 
which were not traceable to an impression had no empirical content; these 
sorts of metaphysical ideas were worthless to Hume and his philosophy. At the 
base of all complex perceptions were simple perceptions, the latter combining 
to give the complex perceptions. This is· the law of association and was a major 
part of Hume's psychology. Hume believed complex human experiences or 
complex ideas are reducible to simple ideas derived from impressions, the link 
between the complex and simple being through association. Three laws of 
association determi;ned whether ideas are linked: contiguity, resemblance and 
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cause and effect. So two ideas will be associated if they are temporally close or 
contiguous and if they are similar. The mind will regard as a cause any event 

which reliably precedes and is always conjoined with another event, the latter, 

conjoined event being perceived as the effect of the cause. In fact, cause and 

effect is reducible to the contiguity of two events closely linked in time. With 

Hume, we see the beginnings of many of the assumptions about science that 
are influential in contemporary psychology. 

Independently of Hume, David Hartley (1705-1757) was developing his 
important theory of associationism for the human mind and behaviour. This 
was similar at heart to Hume's theory. Hartly stated that we experience an 
impression through perception which gives rise to a sensation in the mind, 

after which the mind will copy this sensation, giving an idea of a sensation 

which may be compounded through association to form complex ideas. 

The various French Enlightenment leaders, the philosophes, held to a 
faith in the ability of science to establish the precise connection between the 
mind and body and felt that any answers to the nature of this connection were 

beyond metaphysics. Newton provided the inspiration for the philosophes, 
who believed that his physics was applicable to all spheres of existence. The 

philosophes also adopted Locke's psychology for its naturalism, and under the 

influence of Descartes adopted and formulated materialist ideas 

So, the Enlightenment promoted the scientific world-view as the only 

valid way of gaining knowledge, and this version of science was mechanistic, 
materialist, empiricist and associationist. Those who adhered to this view of 
science saw that psychology could only be a valid enterprise if it was scientific 
in Enlightenment terms. 

Not everyone placed the same interpretation upon science. As noted, 
the situation in Germany was one where Wolff's metaphysical philosophy and 
Kant's contributions blocked the development of the Lockean tradition, with 
the result that very different philosophical ideas came to dominate there. 

3.5 Psychology and Post-Kantian German Thought 

The post-Kantian German tradition can best be described as one of 
romantic idealism. This idea had started with Leibniz and Kant and continued 

in the writings of such figures as Hegel and Wundt. This German idealism 
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purported to offer evidence that human existence in all ifs higher forms was 

not subordinate to the laws governing the lower parts of existence. While it 

may be possible to illuminate human existence through physiological or 

naturalistic inquiry, these forms of inquiry could not explain existence. Reason 

is needed to understand one's actions and intentions argued the idealists. What 

makes humans essentially knowable is unknowable through the methods of 
the natural sciences (Robinson, 1982). 

While Kant had not been totally opposed ~o the Lockean, or naturalistic 
views on science, we see, with Kant's intellectual successors, the major move 

away from the value of the scientific method. The idealists (or Rationalists) like 

Hegel and Fichte believed that the orthodox sciences dominating at the time 

were limited in that they were based upon understanding rather than reason. 

The natural sciences relied upon categories of understanding like causality and 

substantiality which were limited in that they were nonhistorical and static, 

and unable to reveal the fullness of the objects they described (Leary, 1980b). 

The idealists saw that the path to a· higher level of understanding of the nature 
of reality lay in subjecting empirical data, and the categories of understanding 
themselves, to critical and dialectical analysis. 

Natural science was not totally rejected by the German idealists like 

Hegel. They did not think it was 'wrong', but merely insufficient; it failed to 

use the critical capacities of reason to move beyond the obvious empirical level 

to the more essential level where the true nature of objects and their relations 

to other things or objects is seen (Leary, 1980b). 

Mathematics and experimentation, as used by the natural sciences, were 

also criticised by Hegel, Fichte, Schelling and their followers (Leary, 1980b). The 

idealists felt that mathematics did not go beyond the surface of things, being 
unable to expose the qualitative essence of objects of study. Experimentation 
was limited as it provided nothing more than a collection of facts or reports on 

what happens under either natural or artificially-produced conditions. If 

experimentation was to go beyond this it had to be supplemented and 

transformed by scientific reasoning, that is, critical and dialectical reasoning. 

The German idealists also rejected psychology as it existed at the time 

(Leary, 1980b). For one thing, the idealists adhered to anti-individu'alism, and 

psychology tended to investigate the particular individual. On top of this, 

psychology investigated the individual in concrete form only. For the idealists, 
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Hegel in particular, the concrete is only the starting point for an understanding 

of humankind. If one is to understand human reality the idealists felt one had 

to move beyond the concrete psychology and study the spirit in the absolute as 

reflected in art, religion and philosophy. 

In keeping with Kant's strictures on psychology, the German idealism of 
the nineteenth century served to block the development of scientific 

psychology in Germany. The idealists were opposed to a psychology which had 
links to the natural sciences. And, the fact that idealism dominated in Germany 
during the first half of the nineteenth century meant that those philosophers 

who held opposing views - for example, favouring natural science - were 

given little opportunity to popularize their philosopies (Leary, 1980b). A crucial 

part of the idealist philosophy was its naturphilosophie (roughly: natural 
philosophy), the task of which was to move beyond and replace natural science 
as the system of gaining knowledge of the world. Through this philosophy it 
would be possible to discover among the facts reported by natural scientists the 
teleological patterns in nature. During the time of idealism's intellectual 

dominance this naturphilosophie was extremely popular, and prevailed over 
natural science in the majority of universities, resulting in much antagonism 

between philosophers and scientists (Leary, 1980b). 
Kant had divided the world into the phenomenal realm of purely 

subjective experience and the unobservable world of true, objective, noumenal 
being - of objects as they really are. From this developed the idealist argument 

that the natural sciences could not show the world as it really was, but the 
noumenal realm could be uncovered through metaphysical speculation by the 
artist or the philosopher using intuition and genius (Robinson, 1982). Kant 
saw transcendental aesthetics as the science of the nature of things in 
themselves, the way to understand objects' hidden essences or the principles 
discovered when experience is stripped of it's cognitive and sensory overlay. 

Aesthetics was the way to understand things as they truly exist. The idealists 

and romantics following Kant felt that one had to go beyond reason and sense 

to find noumenal reality (Robinson, 1982). Here was an extreme metaphysics 

rejecting the natural sciences and their methods. This was especially the case 

with the romantic artists who rejected the scientific method in favour of 
intuitive genius as a more valid way of knowing the world (Robinson, 1982). 
The romantic and idealist thinkers, seeing art and metaphysical speculation as 
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better able to show truth than the methods of the sciences, were a potential 

threat to the livelihood and standing of scientists; and science reacted by 

rejecting the romantic and idealist interpretations of Kant as irrational. It is 

easy to see, then, how a difference between science and philosophy and science 

and art could be accentuated, for the development of Kantian metaphysics was 
along lines which were alienating to scientists. 

While idealism dominated in Germany until around the 
mid-nineteenth century, and blocked the development of scientific psychology 

to that time, there were philosophers and scientists of different orientations 

carrying out important work in relation to psychology. For example, three 
neo-Kantians, Fries~ Herbart, and Beneke were developing the scientific, rather 

than metaphysical, side of Kant's philosophy, and applying their developments 
in attempts to formulate a scientific psychology. While at the time these three 
were opposed and censured by the idealist establishment (Leary, 1980b), they 
still made important contributions to the possibility of the development of a 
scientific psychology. 

Rather ironically, argues Leary (1978), it was partly a result of Kant's 
rejection of the possibility of a scientific psychology that eventually led to the 

development of scientific psychology, for his philosophy demonstrated how 
psychology had to develop if it was to be a science. 

Jakob Fries, Johann Herbart and Friedrich Beneke were anti-idealist 

post-Kantians, more interested in the methodological basis of Kant's 

philosophy than the metaphysics as developed by the idealists (Leary, 1978, 

1980b). Fries, for example, thought it possible to discover the critical basis of 

knowledge, relying on analytical, descriptive and deductive methods. Through 

a critique of Kant, Fries attempted to show not only that psychologists could 
discover a truly rational basis for their discipline, but also that psychological 
observations could provide the basis of all knowledge. Psychology could 
become as scientific as the natural sciences, according to Fries' argument. 

Herbart, the 'founder' of mathematical psychology, rejected Fries' 

attempts to base philosophy on psychology. By contrast, he insisted that 
philosophy had to provide the rational basis for psychology, with psychology 

being a rational branch of metaphysics. Herbart agreed with Fries that 

psychology could be scientific; he felt it was possible for psychology to be both 

empirical and mathematical - a possibility Kant had denied. What Herbart 
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attempted to do was show that psychology could in fact meet the conditions 

Kant had identified as necessary if it was to become a science, and he went as 

far as to mathematize psychology, although only to a limited degree. 

Herbart's mathematization of psychology occurred in an 

idealist-oriented world where his particular brand of ideas were not favoured. 

But, Herbart's own particular philosophy lay in a general intellectual context 

favouring the application of mathematics to intellectual endeavours of all 

kinds. Leibniz had advocated the application of mathematics to the processes of 
human thinking and had attempted to develop mathematical logic; Kant had 
pointed out the importance and necessity of mathematics to science. While 
natural science and mathematics were not given a particularly sympathetic 
treatment by Herbart's contemporaries in Germany (Leary, 1980a), mathematics 
was seen as important and science respected in the other major academic 
centres like France and England. Here the scientific side of Kant's philosophy 
was emphasised, taking its place somewhere within the Cartesian, Newtonian, 

Lockean lineage and fitting with the general adulation of science characteristic 

of post-Enlightenment times. Part of this Enlightenment orientation was a 

search for a scientific study of the mind, needed to replace metaphysics, and 
Herbart was one of the first to show that the possibility of a scientific study of 
the mind did exist. While his particular psychology was not very successful and 
has had little, if any, lasting impact in direct terms (Leary, 1980a; Leahey, 1987), 

it was nevertheless important because it showed that a scientific psychology 

might in fact be possible. Herbart inspired the further evolution of scientific, 

mathematical psychology (Leary, 1980a, 1978), with his most direct follower 

being Beneke. 
Beneke was one of those who saw the limitations of Herbart's psychology, 

but Beneke, too, was in favour of the possibility of mathematical psychology. 
He accepted Kant's views on the importance of mathematics to science, and felt 
mathematics could not be used in psychology until the latter had available 
more accurate empirical observation, more adequate theories and more reliable 
means of measurement. Following Kant, Beneke also saw experimentation as 

important to science, but Beneke thought that psychology could, and had to, 
become experimental. By following these desiderata, Beneke thought 

psychology could become a natural science. 

The next figure of concern to us in respect to the development of 



29 

scientific psychology and the relationship between philosophy and psychology 

is Wilhelm Wundt (1832-1902). By the time of Wundt, the foundations for 

scientific psychology had been laid by Fechner, following the tradition of 

Herbart and the 'scientific' psychologists. Science was generally becoming more 

popular, being promoted by factors such as Darwin's contributions and the 

success of various physiological researchers in solving the problems of their 
studies; while biological research was uncovering links between the 

physiological and psychological. Helmholtz, for example, felt his experimental 
work in sensory physiology was important for the psychology of his time, 

because it provided an empirical basis for epistemology (Leary, 1987). While 

working in the German intellectual context Helmholtz rejected the idealist 

tradition (Hearnshaw, 1987), as did Fechner, facilitated no doubt by the waning 

of the idealist's influence in general. Helmholtz preferred to work within the 

empiricist, Lockean tradition which had developed separately from the idealist 

lineage. 

Paralleling the various dev·elopments of German psychology was the 

increasing mechanisation and naturalism of English psychology which had 

mo;ved away from metaphysical philosophy and towards empiricism and 

positivism under the influence of philosophers like John Stuart Mill 

(Robinson, 1982). The 'pro-science' elements of the Germans and English all 

came together in Wundt, " ... the first man who without reservation is properly 

called a psychologist" (Boring, 1950, p. 316). It is these elements of Wundfs 

psychology, or at least his belief in the possibility of experimental, empirical 

scientific psychology, which led Wundt to open the first psychological 

laboratory and thus become enshrined in history as the founder of scientific, 

experimental psychology. 

But, Wundt was only the founder of scientific psychology in the weakest 

possible sense. The context provided by· his predecessors was the legacy of 

thought that informed and influenced his innovations in psychology and 

indeed, made them possible. 
With Wundt we find the actualization of the idea of scientific 

psychology, an idea which was considered by Descartes, Leibniz, Locke and 

Kant, although their considerations were not necessarily sympathetic in 

nature. It was the associationist, mechanistic, positivist side of the British 

empiricist tradition, the naturalism of the French philosophes, the naturalistic, 
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mechanistic views of Wundfs psychological predecessors Fechner and 

Helmholtz, and the work of Fries, Herbart and Beneke that provided the 

context within which the possibility of scientific psychology could become 

reality. All these various philosophers or scientists believed it was possible to 

have a science of the human mind but they were unable to take the step of 

making psychology into a science. It was up to Wundt to realise this vision, but, 

to repeat, it was only because of the historical context within which he was 

located that this could happen. 

However, as Danziger (1979a) points out, there were two postulated 

models of scientific psychology in Wundfs time. One model saw the possibility 

of psychology as wholly a natural science, following the empiricist, positivist 

tradition that had started with Newton and Locke. Wundfs psychology was 

influenced by this tradition, but only to a limited extent, for it was broader than 

the natural science model. In fact Wundfs psychology is the second model of 

psychology Danziger (1979a) identifies, and it had a philosophical, idealist side, 

a side which would not have been ·acceptable to the natural science proponents 

(Blumenthal, 1980; Robinson, 1982; Hearnshaw, 1987). The rationalist and 

idealist influences on Wundt were most obvious in his social and cultural 

psychology, and he did not think the Lockean, empiricist tradition could play 

the major role some of his predecessors (and followers) ascribed to it. For 

example: 

"On every side, psychological investigations lead us into metaphysical 
problems. However, the empirical facts and laws that are brought 
together as the outcome of such investigations form only a part of 
wnat is needed for the solution of these problems. The philosophy of 
nature and the critique of knowledge must provide the rest. The 
concepts of inner experience are co-determinea with those of outer 
experience, and the testing of their origin and their validity must be 
done jointly." (Wundt, cited in: Diamond, 1980, p. 172). 

Psychology was to Wundt the fundamental science, being at the base of 

the natural sciences, the social sciences, and philosophy (Leary, 1979). The 

division between the experimental and social sides of psychology was 

important to Wundt, with the subject matter of the two differing and the field 

of psychology consisting of two complementary halves, the individual and the 

social (Wundt, 1910). Experimentation had no place in Wundfs social 
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psychology or Volkerpsychologie, but it was important for individual 
psychology, being a useful tool for investigating the simpler psychological 
processes. Indeed, the only place where Wundt saw the natural sciences as 
useful to psychology was in this use of the natural sciences' experimental 

method (Koch, 1985), though the role Wundt saw for experimentation 

diverged from the way natural science used it. While he wished to create 

controlled conditions so as to make experimentation possible, the objects of 

experimentation, or context of application, were to be consciousness or 
metaphysical processes, studied by introspection (Koch, 1985). 

As is obvious from this view of psychology, Wundt did not conceive of 

the subject as simply a laboratory science or as only a branch of the natural 
sciences: "Psychology has to investigate that which we call internal experience -
i.e. our own sensation and feeling, our thought and volition - in contradiction 
to the objects of external experience, which form the subject matter of natural 

science." (Wundt, 1896, p. 1). 

Wundt recognised that a· scientific psychology which was purely 

experimental and empirical could not work because it ignored the important 

innovations and insights of Kant and the metaphysical idealists like Fichte, 

Hegel, and Schelling. Experimental psychology may have been suitable for 

understanding one part of humanity - the basic perceptual processes and 
external behaviours which could be studied through introspection in the 
laboratory, but if one wanted to understand the social or cultural world, more 
was needed. This is where the rationalist, 'philosophical' side of psychology is 

necessary. Wundt, then, had two distinct psychologys, reflecting two distinct 
forms of post-Enlightenment thought. Wundfs understanding of psychology 
seems, in turn, a result of the nature of German thought, Kant for example, 

recognising the value of science but not to the detriment of metaphysics. 

3.6 Tlte Move to a More Rigorous Scientific Psychology 

During the last decade of the nineteenth century there was a move away 
from Wundtian psychology by younger members of the discipline in Germany 
towards the natural science model of psychology. The first clear sign of this was 
from Oswald Kulpe, one of Wundfs students. Kulpe rejected Wundfs ideas of 

the possibility of scientific psychology taking subjective capacities and processes 
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of the mind as possible objects of study. For Kulpe, the proper object of 
psychological research was the biological or physiological individual (Danziger, 

1979a; Hearnshaw, 1987), a subject matter that could be quantified and analysed 

in empiricist, positivist terms. Kulpe followed the ideas of Richard Avenarius 

and Ernst Mach, two prominent figures in the mainstream of positivist 

psychology at the time. Their ideas were important in relation to Kulpe's desire 

to concentrate on the study of the biological, corporeal individual and his 

intention to quantify psychological study so as to lead the way for psychology to 
become a natural science (Danziger, 1979a). 

While Danziger (1979a) argues Kulpe placed more emphasis on 
A venarius, overall ·Mach seems to have played a greater role in relation to the 

development of the psychologist's conception of science (Smith, 1986). The aim 

of all science for Mach was to provide descriptions of. the functional 

dependencies amongst phenomena or the determination of the relations 

between all elements of sensation. Sensations were all we could possibly know, 

therefore to describe the world involved correctly understanding relations 

between sensations (Oldroyd, 1986; Smith, 1986). The sensations or elements 

which are related in the descriptive laws of science are pure experience, and 
these sensations are neutral givens, so are not analysable themselves. These 
sensations or elements of science are the same across all sciences - they underlie 
all knowledge, and the various sciences are differentiated only in terms of how 
they organize experience. All scientific concepts were, for Mach, ultimately 
traceable back to particular sensations, all sciences aim to provide descriptions 

of experience (Oldroyd, 1986; Smith, 1986). 
In fact, description is all that is possible or allowable for science; any 

attempts at explanation were seen by Mach to be metaphysical speculation. 
Mach was suggesting a unified science, and this unified science was possible 
only under empiricism (Smith, 1986). He rejected the idealist tendencies of the 
German tradition (Oldroyd, 1986) and instead favoured the empiricist and 
positivist philosophy running from Locke through the eighteenth and 

nineteenth century positivists like Hume and Auguste Comte. 



33 

3.7 Positivism i1t Psychology 

As stated, Kulpe's psychology was influenced by the work of Mach as 

well as Avenarius, and with this positivist turn in his psychology, Kulpe 

started developing certain ideas in relation to experimentation. Wundt had 

seen only a limited place for experimentation in psychology; it could not be 

applied to the mental or cognitive realm, only to more straightforward 

behaviours (Danziger, 1979a; Hearnshaw, 1987). Wundt had held to the 

Machian view that experience was the primary 'given' from which the 

different natural sciences arrive at their respective subject matters by various 

distinctive modes of abstraction. But, unlike those who saw natural science as 

the ideal for science (those who would concentrate on the study of experience) 

Wundt argued for a non-reductionist psychology (Toulmin & Leary, 1985). 

Wundt rejected the type of positivism that arose in Kulpe's thinking as well as 

the possibility of one method for the study of all behaviour and all 

phenomena. Kulpe's positivism, however, or perhaps it should be said Kulpe's 

rejection of the idealist orientation of Wundt, resulted in the view that there 

was only one possible type of psychology and only one type of knowledge - that 

which is directly observable. Valid scientific knowledge about behaviour as 

Kulpe conceived of it was gained through the use of the experimental methods 
of the natural sciences. Following Kulpe there was an increase in the number 

of German psychologists who took a positivist orientation and who rejected 
Wundtian psychology (Boring, 1950; Danziger, 1979a; Hearnshaw, 1987). 

Hermann Ebbinghaus, for example, advocated a scientific psychology based ·on 

Machian concepts, and argued that the subject-matter of psychology is the 

biological organism (Danziger, 1979a). He chose to ignore the relationship of 

the individual to his or her cultural or social context and applied the 

experimental method to the higher mental processes (Boring, 1950; Smith, 
1986; Hearnshaw, 1987) based on a belief in the universality of the experimental 
method (Danziger, 1979a). Already, elements of the current standard view of 

science are visible in the new scientific psychology. 

Edward Titchener, a student of Wundfs, also adopted a positivist 

conception of psychological study, and held the opinion that the subject of 

study for psychology has to be the biological organism (Danziger, 1979a). For 

Titchener felt that whatever came into science must be observable; he was 
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heavily influenced by Mach and Avenarius (Boring, 1950) and rejected the 
idealist elements of Wundfs psychology (Titchener, 1893, 1899; Leahey, 1981). 

Under Titchener there came a move to recast Wundtian thought in ways more 

compatible with the Lockean tradition which dominated in America where 

Titchener was working. 

This reflects a common trend in the work of the psychologists who came 
after Wundt. Both his students, and others developing their psychological 

formulations independently of Wundfs system, tended to concentrate on only 

one aspect of experience or 'behaviour', rejecting the speculative, metaphysical, 
idealist, component in favour of a 'scientific' empirical formulation. This form 

of psychology em·phasised such features as objectivity, the elimination of 

values or prior beliefs, and the importance of observa'tion. It is probably 
incorrect to say that philosophy was banned from psychology. But the trend 
towards 'the scientific' associated with the development of psychology along 
lines similar to the type of positivism outlined by Mach gave no place for 
consideration of traditionally philosophical questions; the aim came to be to 
understand psychology through the development of descriptive systems which 
would account for a person's actions. This was especially the case in American 

psychology. And as American psychology soon developed into the dominant 
psychology, this anti-philosophical trend became near-universal. 

Hearnshaw (1987) points out that while the centre of the new scientific 
psychology remained in Germany until around the first decade of the twentieth 

century, there were major developments in America in respect of psychology 
and ifs relation to philosophy. Although Hearnshaw argues that the original 

impetus for a transformation from a philosophical to scientific discipline was 

Wundtian, it is more likely that Wundfs followers, reacting to a long line of 
scientific and philosophical thought, provided this impetus. It must be 

remembered that no one individual has determined psychology's future 
nature. At any one time the state of psychology has been a product of an 

ongoing process of transformation, with the various practitioners modifying 
and transforming the parent discipline while psychology as an institution or 

practice serves at the same time to modify and transform the ideas, theories 

and beliefs of the practitoners subsumed by this discipline. 

So, major developments in the growth of scientific psychology were 

taking place in America, and here the important psychologists who were 
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influential in its development had been trained by, or associated with, Wundt 
(Hearnshaw, 1987). Experimental psychology remained in the Wundtian mode 

at first, but soon moved into more diversified, although mainly empiricist, and 

anti-philosophical areas. The advent of behavio~rism with Watson's famous 

1913 paper Psychology as the Behaviourist Views it, saw increasing 

divergencies from what remained of Wundtian psychology, and following the 

first World War, America supplanted Germany as the leading psychological 
nation (Hearnshaw, 1987). 

Blumenthal (1980) is another commentator to make the point that 

Anglo-American psychology owes a lot to the empiricist positivist Lockean 
tradition and he argues this culminated in psychology's relations with the 
philosophy of the American pragmatists, " ... a wholly American prescription 
that allowed that men (sic) should manipulate and reorient the environment 
according to their needs and desires" (Blumenthal, 1980, p. 128). This particular 
orientation can be seen historically in much of American psychology. 
Blumenthal sees Titchener as respbnsible for the emphasis on the Lockean or 

empiricist tradition in the United States which paved the way for psychology's 
acceptance of pragmatism, while Toulmin & Leary (1985) state that Titchener's 

contribution involved rendering Wundfs psychology in positivist terms, 

leaving open the possibility of ifs distortion into reductionist (although 
introspective) empiricism. 

Thus, when Wundfs psychology was transferred to America it was 
separated from the philosophical context in which it had developed, which 

made it easier to eliminate ifs metaphysical, idealist side. Also, the dominant 

American pragmatism was not receptive of overt philosophical approaches, the 
pragmatists tending to discourage or disguise 'philosophising' in psychology 

(Toulmin & Leary, 1985). 

3.8 James 's Ro le 

The pragmatist William James,· as part of an overall rejection of the 
idealist German tradition, rejected the possibility of studying any form of 
transcendental consciousness. He claimed instead that, if psychology was to 
study consciousness, this consciousness had to be defined in functional terms. 

While James rejected idealism, he also rejected most of the ideas of the British 
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empiricists (James, 1981). His psychology favoured radical empiricism, or real 
experience, but he rejected the British empiricist's associationistic, materialistic 

ideas which removed the self from psychology and depersonalized it. James 

saw the need for some form of self, but not the idealist, transcendental 

conceptions. His belief was that one can study the self through empirical 
phenomena, in that it is irreducible to simpler ideas or facts. The idea, or the 

fact, of the self was an elementary fact of experience in James' psychology, and 

the elementary facts of psychology are the basic, irreducible data of a scientific 
psychology. 

James rejected the ideas of the British empiricists because he felt their 
acceptance would -cause problems for a scientific psychology; the empiricists' 

views were too shallow and artifical to validly apply to psychology (James, 

1981). However, the reasons for James' rejection of the Hegelian, idealist trend 

from psychology, or his anti-metaphysical tendencies, ran deeper than this. 
Basically, this relates to the political power the idealists held. In James's time 

the British idealists held a number·of dominant positions in the universities of 

the United Kingdom. The universities were powerful in relation to politics, 
what they taught could well effect government decision-making and policy, 
directly through graduates entering government and also in terms of an 
advisory capacity (Robinson, 1982). If there was a dominant trend in the 

universities, this would very likely appear in government policy as well as 
being diffused through in a general manner to the 'great unwashed'. James, 

aware of this fact, and regarding Idealism as a philosophy based on incorrect, 

and perhaps even dangerous, beliefs, was keen to stop any possible domination 

of idealism in the American universities. Thus his rejection of the overtly 
'philosophical' idealism (Robinson, 1982). With James' dominant position in 
the American academic hierarchy, and in the philosophical and psychological 
world, he was influential in blocking the development of idealist tendencies 
within the growing mental sciences. As it was American psychology which 
developed into the dominant psychological system, we have here part of the 

reason for the separation of psychology and philosophy. 
It would be simplistic to see James as solely responsible for the divorce of 

psychology and philosophy and the growth of scientific psychology in the 
United States. He has been an influential figure in terms of these aspects of 

psychology's history, but his contributions would have counted for little if they 
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had not taken place within a social and political climate sympathetic to his 

general philosophical leanings. It was important that the general American 

scientific world was interested in an experimental, scientific psychology and 

that business and political concerns also held an interest in this area (Danziger, 

1979b; Toulmin & Leary, 1985). Indeed all the various figures responsible for 

the scientization of psychology once it arrived in America - Titchener and the 

post-Wundtians and James, for example - could only work effectively towards 
this goal because there was a need for a science of human behaviour at this 

time. Related to this is the transferral of the dominant base of psychology from 

Germany to the United States, this transferral playing an important part in 

determining how psychology was to develop, and what the aims and interests 

of the psychological practitioners were to become. 

3.9 The Americanization of Psychology 

I have argued that scientific psychology has its base in nineteenth 

century Germany. An important reason for this is that it is a product of the 

modern university system, and this modern university system was first 

established in Germany (Hearnshaw, 1987). Due to state support from early in 

the nineteenth century, the German universities developed quickly into 

respectable, open, liberal institutions which taught a diverse range of topics 

and provided a sound grounding in the sciences and philosophy. This was part 

of a general trend in the dominance of the German intellectual world, taking 

place before other western nations started to develop comparable forms of 

university systems. 
England's university system, for example, faced barriers imposed by a 

lack of state funding and a conservative, established university hierarchy. This 
took a religious or theological orientation, generally suspicious of new 

disciplines, blocking the growth of scientific psychology which in England 

followed materialist, associationist lines. 

American psychologists faced similar problems to those confronting the 

new scientific psychologists in Britian, but at an earlier time. Before the 

modification and revitalisation of the American university system in the 

1880's, colleges and universities taught traditional mental and moral 

philosophy, including the old philosophicc;1lly based psychology (Leary, 1987). 
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The opening of Johns Hopkins university in 1875 however saw the beginnings 

of an American university system which was similar in many respects to that 

of the scientific, broad-minded German university system (Hearnshaw, 1987), 

and which included a move towards the higher study of scientific psychology 

based on the German model. Johns Hopkins fast became a pioneer in the 

development of American psychology, and similar developments followed at 

Harvard, Yale, Colombia, Princeton and other universities, as well as the 

founding of psychological institutions, academic journals (Hearnshaw, 1987) 

and other trappings that serve to validate an organisation or group. All this 

took place in the space of a few decades. Furthermore, the fact that so many of 

those advocating the study of scientific psychology had received training in 

Germany or at least had been associated with the German academic system 

gave these advocates a special credibility in relation to their prospects for 

employment under the new American system (Leary, 1987): "German 

scholarship had become such a 'fetich' (sic) that even a brief stay in Germany, 

with no real training, could confer a 'distinct advantage in the professional race 
at home' [America]" (p. 319). 

While the base of scientific psychology was located in the German 

university system, the centre of scientific psychology soon became America. 

This was a product of the development of the new American university system 

as well as numerous social forces operating in the United States at the time. It 

also had a lot to do with the established, traditional hierarchies of the German 

university system. German scientific psychologists needed the recognition of 

their interests as a scientific discipline if they were to develop these interests to 

any extent. But, because of the established order of the German universities, 
German scientists interested in scientific psychology had to justify themselves 
and their interests to the existing academic establishment (Danziger, 1979b). 
The German psychologists were working· under various different disciplines -

mainly philosophy and psychology - yet wanted to attain autonomy for their 
scientific psychology. However, if they attempted to put forward arguments in 

favour of this autonomy they faced resistance from established academic 

influences; this resistance had to be dealt with in terms acceptable to the 

established academia. For the developing psychology, with close links to 

philosophy, acceptability meant showing psychology was philosophically sound 

and could exist in the university system without compromising or challenging 
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the status of its parent discipline, philosophy. But, as a result of this situation, 
psychology in Germany was never able to achieve autonomy, although it did 

develop philosophical interests to a greater extent than American psychology 
(Danziger, 1979b). 

So, the German psychologists had to fit into and accommodate the 

interests of the established order if these psychologists were to be allowed to 

pursue their interests within this order. With the American situation 

however, things were slightly different. The move towards formation of a 

scientific psychology coincided with the development of a new university 

system favourable to science in general. For the American scientific 

psychologists, the important step would be to actually gain positions in the new 

university system (Danziger, 1979b). The developing universities, professional 

opportunities, and funding in the United States, all of which psychology 

needed to utilise if it was to develop as a successful science, were controlled by 
business and political interests (Danziger, 1979b). These groups had to be 

convinced that scientific psychology deserved a place in the university 
hierarchy. Religious interests, a powerful force at the time, also had to be 

convinced that psychology would fit with their world-view (Leary, 1987). So the 
new scientific psychologists, if they were to ensure a place for themselves 
before the power elite, had to show how scientific psychology could serve the 

interests of this elite while at the same time not threaten or challenge 
conservative traditions like religion (Danziger, 1979b; Leary, 1987). Basically, 
American psychologists had to show how they could provide solutions to the 
problems arising from the large-scale modernization of American society, 
problems that may have threatened those in controlling and· dominant 
positions (Danziger, 1979b). Philosophers were seen as little value here for they 
could not provide obvious practical solutions. The new scientific American 
psychologists purportedly offered instead an experimental psychology that 

would supply the fundamental principles governing all human activity, 

irrespective of context; psychology was presented as the dominant science to 

which all other sciences of society Were reducible, and a way by which 
behaviou! could be understood, predicted and controlled. This fitted with the 

aims of the American power elite, almost guaranteeing psychology a place in 

the university hierarchy (Danziger, 1979b). American psychology, as a result of 
efforts to ensure its place within the American academic system, was co-opted 
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into justifying capitalist society, providing, for example, through its use of an 

experimental method based on a manipulative, controlling mentality, 

information on how people act under systems of alienation and exploitation. 

Its concerns were with overt actions and behaviours of people for this is what 

was important in relation to social control; subjective experience being of 

concern only insofar as it was necessary to take this into account in order to 

effectively manipulate external activity. American psychology divorced human 
activity from its social context (Danziger, 1979b) as part of a rejection of 

philosophical concerns. Human activity becomes simply behaviour, and 

psychology concentrates on the individual, in keeping with the nation's liberal, 

capitalist ideologies. In Germany, meanwhile, as noted earlier, psychology had 

to show it would not threaten the livelihood of philosophers if the new science 

and ifs practitioners were to have any place in the German university system. 
Both German and American psychologists had to justify themselves to vested 

interests, but the difference between these interests had a lot to do with the way 

the two psychologies developed. 

3.10 The Move From Philosophy 

Under this particular conception of the growth of American psychology 

it becomes clear why the scientific psychologists in America had to move away 

from the traditional philosophically-oriented psychology to a new scientific 

psychology. If psychologists were to ensure themselves a place under the new 

university sys-tern, and open the possibilities for the acceptance of their new 

psychology, they had to show that the old psychology was unsuited to meet the 

needs of the policymakers, business people, religious groups and so on. This 
was partially achieved through arguing that the language and methods of the 

new psychology, based on a natural science method, quantification, and 

references to basic physiological and psychological processes, was able to explain 

behaviour better than the old psychology and its philosophical basis. Leary 

(1987) notes " ... as [the new psychologists] became more conversant with the 

language of modern science, many of the 'old psychologists' themselves found 
the new psychology more convincing" (p. 320). With the rejection of 

philosophy and the adoption of experimental psychology came results which 

were regarded as justifying the change of focus (Smith, 1981), and these 
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reinforced the desire to stay away from philosophy. And, where necessary, the 
new psychologists were willing to discredit the philosophical psychologists or 

appropriate certain of their ideas or concepts for their scientific psychology 

(Leary, 1987), so as to ensure an advancement of their cause. 

Another development which also arose as psychology was striving for 

its independence was related to university politics. This involved philosophers 

entering into the debate over the separation of psychology and philosophy 
(Leary, 1979; Toulmin & Leary, 1985) and occurred in both America and 
Germany. This was partly due to economic reasons; there were not enough 
chairs of psychology to go around, and the philosophers thought the members 

of their departments working on psychological problems were getting too many 

of them. Both psychologists and philosophers were striving for independent 
psychological institutions; and this eventually developed as a result of a large 

combination of forces. 
With the general arguments for the disassociation of psychology and 

philosophy at the beginning of this· century, psychology began turning toward a 
more biological/natural science orientation. The early part of the twentieth 
century saw a banning from psychology of any form of idealist speculative 
philosophy (Leary, 1979). This did not mean psychology was totally separated 

from any form of philosophy. The banning of philosophy related to what was 

studied by psychologists and how this was studied, but these concerns were 

defined by a specific philosophy of science, a positivist-based philosophy, 

which underlay the practices and interests of psychology. 

While the separation of philosophy and psychology probably culminates 
with the publication in 1913 of Watson's be:haviouist manifesto, the argument 

being presented here is not the common argument that behaviourism 

dominated American psychology once scientific psychology was established in 
the United States. As Lovie (1983) shows this was not the case at all, for a large 
body of cognitive work was carried out during the early twentieth century. It is 
too simplistic to say that the anti-philosophical or anti-metaphysical trend of 

psychology involved a total rejection of ideas like consciousness or attention 

(Smith, 1986). What the anti-philosophical trend did entail was a concentration 

on empirical, experimental psychology - a movement away from theoretical, 

philosophical analysis towards atheoretical quantitative experimental research, 

be it behavioural, cognitive or otherwise. With the movement away from 
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philosophical concerns by psychologists came a change in how psychologists 
studied their subject matter; this inevitably meant some change in what 

psychologists studied, but it did not mean a rejection of cognitive or mentalistic 
factors. 

3.11 The Influence of Logia[ Positivism 

So far, we have given little attention to the role of logical positivism and 

logical empiricism on psy~hology's development. We have already noted that 
Machian positivism played an important role in the development of an 
experimental, scientific psychology, and in fact, Danziger (1979b) states that 

"The important role played by Machian positivism at the period when 
psychology formed its self-conception as an independent discipline 
also explains the susceptibility of psychology to subsequent infusions 
of :positivist philosophy in the form of operationism and logical 
pos1tivism ... no other science has started off by defining its aims in a 
framework of positivist philosophy" (p. 224). · 

While it may be that Machian positivism has had an important 

influence on psychology's development (and there is a strong case in support of 

this, namely, the influence of Mach on the founders of scientific psychology), it 
must be remembered that this is not the only or major influence. Instead, the 
orientation towards Machian positivism, along with other factors, some of 
which have been outlined above, were all influential in the development of 
psychology into the form we see it in today. One of these factors is the 
relationship of logical positivism and logical empiricism to psychology; a 
relationship which, as we shall see, is particularly important in terms of the 

development of significance-testing· methodologies in psychology. 
It is often argued that logical positivism has been extremely influential 

in psychology in that it was the philosophy that underlay behaviourist 

thinking in the early part of this century. This type of argument also holds that 

behaviourism was the dominant psychological force and has since defined to a 

large extent the nature of psychology. Versions of this view can be found in 
Boring (1950) Mackenzie (1977) or Leahey, (1980) (although Leahey (1987) has 

modified his views). However, as Smith (1981, 1986) and Lovie (1983) show, 

this is not the case at all. Behaviourism and ifs off-shoot neobehaviourism did 
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not dominate psychology during the first part of this century, and 

behaviourism/neobehaviourism is not the psychologicial embodiment of 

logical positivism. Logical positivism did influence neobehaviourism, but 

overall the neobehaviourists were influenced by a large and diverse number of 

forces, with the intellectual influences all sharing a commitment to empiricism 

(Smith, 1986). More generally, psychology as a whole has been influenced by 

logical positivism, this particular philosophy in its more liberal form of logical 

empiricism coming to play an important part in the definition of psychology's 
standard philosophical basis (Manicas and Secord, 1983). Again the empiricist 
orientation of scientific psychology in general meant that when psychology 
became aware of logical positivist forms of thinking, they were judged to fit 
quite well with the general empiricist psychological framework. 

Here, for example, it is relevant that some comparisions can be drawn 

between pragmatism and logical positivism. While the pragmatists did not 
identify themselves with positivism, the basic philosophy of pragmatism, 
relating to the practical, empirical testing of ideas shares common features with 

positivist formulations (Oldroyd, 1986). Similarities between pragmatism and 

positivism include a mutual rejection of metaphysics, while Smith (1986) notes 

that the logical positivists saw in their formulations of verifiability and 
empirical definition some affinity with pragmatic accounts of the testing of 
ideas. Feigl (1969) also makes the point that pragmatism and positivism had 

some shared commitments. 

Where the relationship of pragmatism and logical positivism is most 

important is with the operationism of Percy Bridgman (Oldroyd, 1986; Smith, 

1986). Operationism had grown out of pragmatist ideas and in itself was close to 
the positivism of Mach and shared common features with empiricism. The 
basic doctrine of operationism was " ... we mean by any concept nothing more 
than a set of operations: the concept is synonymous with the corresponding set 
of operations" (Bridgman, cited in Oldroyd, 1986, p. 276), and this doctrine was 
recognised by logical positivists as close to their own beliefs. 

Another unlikely alliance with positivism involved a dimension of 

Leibniz's thought. While it was earlier argued that the Leibnizean system had 

been rejected by the empirical psychologists following Wundt, this is not totally 

true; some aspects of Leibniz which were of use to the positivist orientation of 

psychology remained, but this residue was filtered through the work of 
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logicians and precursors to positivism like Gottleib Frege and Bertrand Russell 
(Oldroyd, 1986; Smith, 1986; Hearnshaw, 1987). Leibniz's aim to formulate an 

ideal language to facilitate all reasoning and provide a basis with which to 

assess all knowledge re-emerged in the work of Frege, who aimed to formalize 

mathematics in a manner which was rigourous enough to eliminate the need 

to appeal to intuition in mathematical proofs (Smith, 1986). Frege was aiming 
for a general language for mathematics, but this aim was modified by Russell, 
and later by logical positivists such as Rudolph Carnap, into the aim of 
attaining a universal calculus or form of unity of thought - that is, a language 
base for the aim of the unity of science. This revised tradition of Leibnizean 

thought influenced·psychology in as much as the ideas of unification and unity 
of science are present in psychology's standard philosophy of science, and more 
directly, it emerged in areas like Hull's neobehaviourism (Smith, 1986). 

The early development of psychology in America, by now the dominant 

centre of psychology, had been influenced by both Machian and logical forms of 
positivism, as well as neo-pragmatic, and operationist tendencies all of which 

seem to have predisposed later psychologists, including influential figures like 
Boring, Stevens, and the major neo-behaviourists such as Hull and Tolman, 
towards a specific philosophy of science. This philosophy of science which 
underlay the operations of psychology took certain aspects of positivism, 
especially that of Mach with its allowance of 'psychologisms', leading to a 

neo-realist tendency that reappeared in later logical empiricism. Also present 

were aspects of pragmatism, such as a reliance on hypothesis testing. In respect 

to this latter feature, positivists and pragmatists were in agreement on the 

necessity of the experimental testing of hypotheses, although there were 

divergencies in terms of how hypotheses were tested (Oldroyd, 1986). 

Hypothesis testing under the hypothetico-deductive method is now the norm 
in psychology; part of the reason for this dominance is attributable to the work 
of Clark Hull, who regarded hypothetico-deductive systems of theorizing as the 
supreme goal of psychological science (Toulmin & Leary, 1985; Smith, 1986). 

Newton's views on science had been strongly influential on Hull, and 
provided support for Hull's advocacy of the hypothetico-deductive system. 

Also influencing Hull and his eventual emphasis on deductive methods were 

Hume and the British empiricist and associationist tradition, and the 

pragmatism of James and Dewey (Smith, 1986). These were s1milar influences 
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to those that had influenced the logical positivists, resulting in similarities in 

the philosophy of science held by Hull and the logical positivists, such as a 

shared commitment to the hypothetico-deductive method (Smith, 1986). But, 

while Hull accepted the logical positivist views on hypothetico-deductive 

systems, it was because of the corroboration of personal philosophies between 

Hull and the logical positivists, not because Hull identified himself as, or is 

identifiable as, a logical positivist (Toulmin & Leary, 1985; Smith, 1986). 

Hull, then, was strongly in favour of the hypothetico-deductive system, 

and due to his influential role within the academic hierarchy his views came to 

be widely accepted within psychology (Toulmin & Leary, 1985); it is probably 

safe to conclude that part of the dominance of the hypothetico-deductive 

method can be drawn from Hull's contributions to psychology. 

Returning to the general philosophy defining the interests of psychology 

however, we can recap on the various traditions that served to underlie this 

philosophy. Important to psychology was Bridgman's operationism (Scriven, 

1969) with its combination of Machian positivism and pragmatism. There was 

also the influence of elements of the Leibnizean tradition which ran through 

Kant and the non-idealist neo-Kantians to Wundt and the post- Wundtians 

like Titchener, and finally, the influence of the British empiricists. All these 
various traditions and influences, sharing common features such as a certain 

commitment to empiricism served to make psychologists amenable to a certain 

way of looking at the world and gave psychology a general perspective or 
orientation regarding how it was to function as a science. This was tempered by 

social forces demanding that psychology should be practical and should provide 

'useful' results which could be applied to real-world settings. The outcome of 

all these influences has been a philosophy of psychology which justifies an 

experimental, empiricist scientific psychology concerned with the study of 

behaviour but which is still suspicious of idealist metaphysics or a priori 

transcendental phenomena. 
Many of the forces influencing the development of psychology also 

played an important part in philosophy's growth during the twentieth century, 
especially that of logical positivism and logical empiricism (Feigl, 1969; 
Toulmin, 1969; Smith, 1986). For this reason there is a certain symmetry 

between psychology and the logical positivist (and later logical empiricist) ways 

of thinking. This has resulted in the mistaken view that certain specific forms 
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of psychology owe more to logical positivism and logical empiricism than is 
historically valid (Smith 1986). But, it is certainly the case that the current 

standard view of science in psychology operates in ways which are in accord 

with certain features of logical empiricism (Manicas & Secord, 1983). As I have 

attempted to demonstrate, this is a consequence of the similarities of the 

precursors of psychology and logical empiricist philosophy. 

3.12 The Reconciliation of Psychology and Philosophy 

During the 1930's, psychologists began to reaccept the value of 

philosophy for psychology. That is, they actually began to deal with 

philosophical issues relating to the practice of psychology, instead of making 

claims relating to the independence of psychology from other areas of thought 
(Smith, 1981). This realignment of psychology and philosophy was in terms of a 

move on behalf of certain psychologists to justify the use of certain methods for 
the practice of science as dictated by logical empiricism (Smith, 1981). The 
realignment involved positivism borrowing from psychology as well as 
psychology turning back to positivism. 

This realignment seems to have played an important part in the 

continuation and development of psychology's standard view of science. For 

psychology turned to a type of positivism (logical empiricism) which was more 

liberal than that of the earlier logical positivism, and which gave greater 
credibility to certain psychological concepts and 'psychologising' than had 

logical positivism, which was formalised during the early years of scientific 
psychology. So, psychology and philosophy were now in a better position to 
exchange ideas. 

The realignment of psychology and philosophy was seen , as necessary 
because psychology could use important developments in philosophy, 
specifically, developments in logical positivism which could offer psychology 
much in terms of logic and methodology (Smith, 1981). When psychologists 

decided to return to aspects of philosophy for aid the move was not very far 
and not particularly problematic for psychology (Smith, 1981) as both scientific 

psychology and logical positivism had grown from similar sources. 

Even though a realignment occurred, psychology had already developed 

and utilised certain ideas from positivist philosophy that would come to 
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dominate in the practice of psycho~ogy. These ideas included belief in the unity 

of science and the related possibility of a unified method of science. While 

philosophy may have been rejected by psychology, certain philosophies defined 

the way psychology operated. These philosophies, or the philosophy of 

psychology, provided the justification for psychology carrying out 

experimentation, relying on a hypothetico-deductive system and striving for 

objectivity in research, features of psychology which have been present since 

ifs inception as a science. And it is the justification provided by the philosophy 

of psychology that disposed psychology to wholeheartedly embrace significance 

testing when its existence became known. Here was the perfect aid to help 

psychologists, it fitted with their philosophy and promised to help in the 

achievement of the goals necessary for American psychology to ensure its 

continued domination and acceptance by the power elite. 
In fact, as I will outline in the next chapter, the statistical methods that 

psychologists came to rely on, including significance testing, were developed 

within a positivist tradition. This• means that statistical significance testing 

methodologies embody certain positivist assumptions that were incorporated 

during their their inital formulation. That is to say, it can be shown that the 

methods of significance testing are inextricably linked with the philosophical 

ideas and assumptions of the founders of these methods. This has meant that 

these methods have been easily adopted by psychology for the purpose of data 

analysis because the philosophy underlying significance testing and psychology 

is basically identical. 
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CHAPTER FOUR 

The Philosophy Of Statistical Significance Testing 

The founders of significance testing methodology were heavily 

influenced by the British empiricist tradition and by other lines of positivist 

thought, like Machian positivism. This meant that certain basic ideas 

underlay the methods the statisticians developed, which served to justify 

these methods in positivist terms and validated their usage in certain 

situations. These were mainly situations where scientific research proceded 

along positivist lines. 

4.1 The Thought of the Founders 

The founders of the dominating significance-testing methodologies 

such as ANOVA and chi-square·tests include such statistician/scientists as 

Ronald Fisher, Francis Galton and Karl Pearson, all of whom were strongly 

influenced by positivist philosophy. 

For example, Galton, who made major contributions to statistics in 

relation to regression and correlation, was formulating his ideas at a time 

when biological and evolutionary ideas - especially Darwinism - were coming 

to dominate in the social sciences. In fact, Darwin was of crucial relevance to 

Galton (Galton, 1883, 1892; see also Cowan, 1977; Hamilton, 1980; Stigler, 1986). 

Darwinian evolutionary theory demonstrated that it was possible to develop a 

rigorous, exact science of human nature using scientific methods adopted 

from the natural sciences. Furthermore, Darwin's contributions involved a 

change in scientific focus, away from the previously-dominant physics and 

theologically-based biology. Another important aspect of Darwin's work was 

his utilization of an eclectic data base in the study of man and animals, 

legitimising the use of this sort of data through the conclusions he eventually 

made. It seemed the potential of science could be increased through the use of 

Darwinian methods (Mackenzie, 1976). Indeed, through Darwin's methods 

and research, the groundwork was laid for new developments in science. 

Following Darwinist philosophy, Galton believed in the possibilities of 

naturalism. He felt that a rigorous, exact science of human nature was 

possible, using scientific methods adopted from the natural sciences. Galton 
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aimed to create and develop a science which denied the supernatural and 

metaphysical, a science where vaHd knowledge was gained by reducing the 

universe to that which is knowable through observation and phenomenal 

experience; in other words, a positivist, empiricist science. Statistics were 

valuable here, in fact they were of great importance to Galton (Galton 1883, 

1892, 1909; Mackenzie, 1976; Cowan, 1977; Mackenzie, 1981; Stigler, 1986). 

The ideas on statistics which Galton advanced were adopted by Karl 
Pearson, who recognised the value of the Galtonian methods in terms of 
formulating a positivist, phenomenalist criterion of knowledge (Mackenzie, 

1981). Pearson made his contributions to probability theory in the areas of 
correlation, with ·his formulation of Pearson's product-moment coefficient, 

and curve fitting. His developments in relation to curve-fitting were 

transformed into the theory of significance testing by Fisher. 

Pearson aimed to develop a theory of evolution which would serve as 

the key political and social theory, aiming to provide a scientific basis for 
social intervention in the form of eugenics. 'Scientific' for Pearson meant 
'positivist' and 'quantitative' (Pearson, 1896). Pearson wanted to give 
Darwin's concepts an exact mathematical basis, which is how most of his 
statistical theory came about (Pearson, 1896; Mackenzie, 1981). 

Pearson developed the methods of correlation and curve-fitting to help 
obtain and analyse objective, phenomenally verifiable, quantifiable data - data 

he saw as necessary to support his theories. Statistics, he thought, would give 

his theories a scientific basis, and he rejected metaphysics or subjectivity from 
his theories (Pearson 1896, 1911). He came to realise that statistical methods 
would be useful to his positivist and phenomenalist criterion of valid 
knowledge, and could be used to give his theories or arguments plausability 
and validity through objective quantitative facts. This type of data was 
important if he was to argue against critiques of natual selection from 
religiously-motivated quarters, with their metaphysically based arguments 

(Mackenzie, 1981). So, for Pearson, only that which was based on 

sense-impressions was acceptable as scientific knowledge (Pearson, 1911) and 

scientific knowledge was the sole determinant of what was moral and 'right'. 
Pearson adhered to a naturalist world-view, which was reflected in the way he 
took and modified statistical techniques from other natural sciences such as 

physics, in the belief that statistics gave the other natural sciences their 

scientific status (Pearson, 1911). These techniques were to be co-opted into the 
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service of eugenics, the science Pearson saw as being able to provide a true 

understanding of humanity. Pearson thought the methods developed for 

eugenics would be valid for all sciences, reflecting again his naturalist, 

reductionist philosophy. 

Furthermore, while Pearson's main interest was in terms of genetic and 

evolutionary concerns, he was also interested in the study of economics, social 

issues and politics, all of which he saw as relevant to eugenics, and analysable 

in a similar fashion. As Frogget & Norton (1971) note, " ... [Pearson] sought 

obedience of all phenomena to 'statistical laws' whose existence his rationalist 

philosophy decreed." (p. 12) 

Pearson was a positivist through and through. Harldane (1957) believed 

Pearson to be " ... one of the founders of the important school of logical 
positivism" (p. 230), while Lenin (1960) subjected Pearson to a scathing 

criticism due to the latter's reactionary, positivist beliefs. A reading of Pearson 

(1911) is more than enough to show the justification for the positivist label. 

Pearson's positivism was important in his initial utilisation of statistical 

methods, the importance he placed upon these methods, and the belief that 

the methods could serve as a universal scientific method. 

Pearson was really carrying on Gallon's line of work; Galton had wanted 

to make certain personality traits measurable by scientific methods, so he used 

and developed techniques that would validate his studies of eugenics as a 

scientific approach (Boring, 1961). Pearson, too, desired to give his ideas and 

theories a scientific basis. He did so by turning to mathematics and statistics, 

which were features of other sciences judged as important determinants in 

their status as science (Pearson, 1896, 1911). 

Ronald Fisher, building on the innovations of Galton and Pearson 

developed the basic version of the modern significance test (Fisher, 1925). 

Fisher saw statistics as a crucial part of. any science: "Statistical methods are 

essential to social studies, and it is principally by the aid of such methods that 

these studies may be raised to the rank of sciences" (Fisher, 1934, p. 2). He was, 

needless to say, another adherent to positivism (see, for example, Fisher, 

1974). 

It was while working in an area related to biology that Fisher made his 

major, or at least, best-known, contribution to statistical theory. This was the 

publication of the first text devoted to tests of significance, produced while 

Fisher was employed at Rothamsted Experimental Station, an agricultural 
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research station where Fisher worked on field trials of crop yields and such 

like. This text, Statistical Methods For Research Methods outlined Fisher's 

theory of analysis of variance, which was originally developed in 1918 in 

relation to eugenics research, but which was more clearly outlined and 

utilised during his time at Rothamsted. 

Fisher developed and modified the work of Galton, Pearson and others 

because he shared their interest in eugenics. When his interests changed to 

agricultural concerns, as a result of career necessities, he continued using 

these methods. They were, after all, suitable for biological-based eugenics, so 

there was no reason not to use them for agriculture to account for crop 

variations, rather" than variations in human populations. 

Fisher, Pearson and Galton all exhibit positivist ideas in their thinking. 

What is important is that these positivist ideas are reflected in the statistical 

methods developed by the three statisticians. One could resist this point by 

noting that statistics are just objective numbers and can carry no theory in 

themselves, that statistical methods cannot be theory-laden. But, in fact it is 

the assumptions relating to the use of these methods and the ways in which 

these methods are actually used which is of importance (c.f. Oakes, 1986). It is 

in these areas of assumption and use that the positivist tendency of Galton, et 

al. are apparent. 

The fact that the various figures under consideration were interested or 

concerned with the use of statistics for scientific explanation and actually 

went to the lengths of developing special statistical tools to aid in explaining 

the phenomena they studied itself suggests a positivist orientation to their 

thought. 

4.2 Explanation Under Positivism and Significance Testing 

Positivist conceptions of explanation adhere to a covering-law account 

of explanation (Hempel, 1962; Scriven, 1962). This covering-law view states 

that the occurrence of an event is subsumed under or covered by a law of 

nature. Putting it simply, the covering-law account sees an event as having 

being explained when it is shown to have occured in accordance with some 

general regularity of nature. Every explanation under the covering-law 

account must invoke some general law of nature (Kim, 1967). 

Deductive explanations are seen as the ideal type of explanation under 
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the covering-law. These deductive, or deductive-nomological, explanations 

make use of universal laws which hold in the case of every instance of the 

occurrence of an event, F, under conditions E (Kim, 1967). A 

deductive-nomological explantion is seen as causal because it will explain an 

event's occurrence by reference to universal laws, and these universal laws 

will also be able to predict the outcome of the event F under conditions E in 

future instances of the presence of E because the laws are universal laws 

(Hempel, 1962). It follows from this that deductive-nomological laws are 

symmetrical in that explanation and prediction share identical logical 

structures. However, universal laws rarely hold in nature, or to put if another 

way, it is not possible to assume that closed systems exist in all cases. 

Therefore, in the cases where closure is not possible one has to revert to the 

use of statistical explanations, or probability statements, which assign some 

degree of probability to an event Fs occurrence under condition E (Kim, 

1967). Statistical explanations are those scientific hypotheses and theoretical 

premises which assert that certain phenomenon or objects are associated, not 

universally, but with a specified long-run frequency (Hempel, 1962). 

Deductive-nomological explanations are seen as causal due to their 

ability to explain an event and predict future occurrences of said event. 

Statistical explanations may not necessarily be causal. Statistical explanations 

make a universal claim but they do not make use of universal laws - i.e. 

statistical explanations are not universal (Hempel, 1962; Kim, 1967). There is 

an ambiguity to statistical explanations or statistical predictions because 

statistical explanations are only probable explanations and they do not account 

for all possible outcomes of event F under conditions E, for there is a 

probability that the outcome under condition E may be F ' (Hempel, 1962). 

This difficulty is absent in nomological systematizations because of the closed 

nature of the explanatory system, or the fact that a deductiy-e-nomological 

explanation involves universal laws. The ambiguity of statistical explanations 

implies that a probability statement is unsuitable as an explanation and 

cannot serve as a prediction; however 'this problem can be dealt with through 

the requirement of total evidence (Hempel, 1962). This requirement states that 

the explanans must include all the available evidence that is inductively 

relevant to the explanandum, namely, all the available evidence that affects 

the probability of the explanandum (Kim, 1967). Basically, as Hempel (1962) 

outlines, rationality demands that an investigator has to take into account all 
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the available relevant evidence. When trying to decide on the credibility of an 
empirical hypothesis, this requirement of total evidence is a maxim for the 

application of inductive logic or statistical explanation. In the case of 

deductive-nomological explanations, this requirement is automatically 

satisfied (Hempel, 1962). Thus, if statistical explanations adhere to the 

requirement of total evidence then they can be seen to serve an explanatory, 

and thus predictive, function. This belief in the explanatory or causal nature 

of statistical laws is present in the thinking of the founders of statistical 

methodologies like significance testing. Fisher for example, felt that using 

significance tests to analyse data would explain the patterns in the data and aid 

in prediction of later cases of similar data, thus implying that statistics would 

uncover causal relations. Because the statisticians who developed the new 

statistical methods adhered to positivist philosophy they saw that statistical 

explanations were all that were necessary for explanation of events. But by 

putting forward these methods as aids in explanatory and causal analysis they 

reinforced the positivist belief· that statistical explanation was a valid, 

powerful form of scientific analysis. 

4.3 Why the Covering-law Account Doesn't Work 

Scriven (1962) points out some faults with the covering-law account of 

explanation. He notes that the criterion given by Hempel and others for 

explanation under the covering-law account shows that many explanations 

are really only descriptions of the event or phenomena to be explained. This 

does not necessarily mean no explanation is given, as it may be possible for a 

description to serve as a form of explanation, but there are other implications 

Scriven (1962) identifies which question the covering-law account. 

To begin with, the symmetry between explanation and prediction is 
questioned. Scriven (1962) notes that often it is possible to predict an event but 
not be able to explain it, and that explanation involves more than prediction: 
" ... whereas an understanding of a phenomenon often enables us to forecast it, 

the ability to forecast it does not constitute an understanding of a 

phenomenon" (Scriven, 1962, p. 177). The. forecasting or prediction. of an 

event is in fact no more than giving a description of an event prior to an 

event's occurrence, referring to a future time. An explanation, on the other 

hand, has to do more than just describe those identifiying features of the 
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thing to be explained - thus it is more than a description. An explanation has 

to refer to more than the identifying features of the object or event or 

phenomena and it must refer to previous concurrent events or laws or ways 

in which the thing to be explained is linked to other events or things. None of 

this is required of a prediction which suggests there is an asymmetry between 

explanation and prediction. Furthermore, the grounds for explanation and 

prediction are not necessarily the same; prediction can be inferred from a 

correlation or by statistical means, but more than this is needed if an 

explanation is to be successful. 

Scriven (1962) shows, quite clearly, that explanation and prediction are 

in fact not symmetrical, that a prediction will not serve as an explanation or 

vice versa. Basically, predictions are too simplistic in many cases to serve as an 

explanation. As well, predictions will often be extremely vague and 

uninformative. For example, the statement 'if a car drives into a wall at high 

speed it will be damaged' is a prediction, but it does not offer any form of deep 

causal explanation, and is such a vague prediction that it is almost of no use. 

To put it bluntly, a prediction states when something will happen or 

what will happen, while a (causal) explanation must state what made 

something happen (Scriven, 1962). These two conditions are obviously not 

the same, so the empiricist assurances of the similarity of prediction and 

explanation hold little weight. 
Scriven (1962) also points out that the deductive-nomological account of 

explanation seems to be based on a faulty view of explanation. He states that 

"Explanation is not 'reduction to the familiar', partly because the familiar is 

often not understood ... and partly because we may understand the unfamiliar 

perfectly well" (p. 225). There is more to scientific explanation than deductive 
subsumption under a true generalization. Sometimes this may be all we can 
get in explaining an event, but "understanding requires knowing the relations 

that exist, it is not confined to cases where one of these relations is 

subsumption under a higher level generalization; it may only involve 

subsuming ... not subsumption, but it will be the less for that" (p. 226). 
So explanation and prediction are not symmetrical, one does not 

necessarily provide the basis for the oth~r, and this is the case in both 

deductive-nomological accounts and statistical-inductive accounts. It would 

appear that the covering-law model of explanation does not provide a 

particularly valid account of scientific explanation. Explanation under the 
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covering-law is not causal, it tends to be merely descriptive and predictive. As 

the covering-law account is a general outline of explanation under logical 

positivism and logical empiricism, this suggests positivistic forms of 

explanation are limited. And, as has been noted, the methods that Fisher, 

Pearson and the other early statisticians developed for the purpose of scientific 

explanation fall under the covering-law account of scientific explanation. 

For it is certainly the case that the positivist criterion of explanation are 

reflected in the use of inferential statistics where significance testing is 

dominant. Here the emphasis is on searching for empirical associations, these 

associations or empirical laws are then used in the prediction of a 

phenomenon or· the explanation of the occurrence of a phenomenon 

(Morrison & Henkel, 1969; Oakes, 1986). These methods were initially 

developed to help in the uncovering of data with which to formulate 

empirical laws. 

4.4 More Commonalities 

Morrison & Henkel (1970) identify another condition of significance 

testing which is mirrored in positivist science. This is that significance testing 

is a method used to infer knowledge about a population on the basis of a 

statistic gained from a sample. This reflects a belief of positivist, empiricist 

science that it is possible to arrive at a hypothesis as to some collective 

property of an institution or nation or group through some kind of mass 

survey or by drawing knowledge from a group: 

"A large number of limited but representative views of the society are 
found, and when assembled form a mosaic, from which a collective 

property will emerge as a kind of Gestalt ... this mosaic is assumed to be 

an adequate model of the society from which the limited views have 

been drawn." (Harre, 1979, pp. 112-113). 

This type of thinking is clearly evident in Fisher's (1934) work; for 

example he points out that statistics is the s,tudy of populations or aggregates 

of individuals, and states that statistics are useful in that they serve a practical 

function of reducing the bulk of given data to a representative statistical 

value. The assumption of Fisher was that it would be possible to reduce to 
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simple numerical form the main issues which the investigator has in view, 

in so far as the data will actually give valid information on these views. 

Statistical procedures would, according to Fisher, exclude any irrelevant 

information in the process of data-reduction and isolate the relevant 

information contained in the data. 

The physicalism or naturalistic beliefs of the innovators of statistical 

methods was crucial in relation to the relevance of those methods to science. 

As is often pointed out (Meehl, 1978; Harre, 1980; Oakes, 1986; for example) the 

statistical methods used in the social sciences may be appropriate for use in 

the physical sciences because of the subject matter of the physical sciences, but 

should not, or cannot, justifiably be used in the social sciences. However, 

Fisher and statisticans coming after him who advocated the statistical study of 

society, believed their methods could be used in all sciences if they worked for 

one. This reflects the mistaken view that all sciences are reducable to a basic 
science or method, that is, these various methodologists hold to a positivist 
naturalism. While the discovery o'f empirical laws may have led to the ability 

to explain, predict and uncover causality in the natural sciences like biology, 

where, for example, Fisher's significance test was first applied, this possibility 

is not open to the social sciences. For the subject-matter of the social sciences, 

namely, people, are social actors. People attribute meaning to their actions, 

and react in certain situations in ways which vary, depending on the 

meanings and interpretations the social actors bring to bear on the situation 

(Harre, 1980). Human behaviour is not regular and constant and is not 

predictable from looking at simple observable empirical data or laws. One has 

to study and understand more than just the overt manifestations of 
meaningful behaviour (Harre, 1980). Unfortunately, overt, empirical data is 

all the positivist scientists felt was necessary to explain or understand 

behaviour. Furthermore, the fact that individuals interact with both one 

another and the social situation they find themselves in means studying 

more than just the individual if one is to make any sense of behaviour 

(Bhaskar, 1978; Harre, 1980). However, standard (positivist) social science does 

not take this particular social orientation; instead there is an emphasis on 

averaging or abstracting individual data to generate an attribute of the 

individual. This attribute or property is seen as ascribable to some large group 

of persons taken as a super-individual or collective. The property is thought 
to be representative of the structural properties of the collective or group, and 
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by reference to this representation which is created by collecting together 
partial fragmented individual properties or understandings, it is thought that 

behaviour can be explained or accounted for (Harre, 1980). Averaging or 

summating individual views, and taking overt, empirical data, such as 

responses on a questionnaire or time to react to a visual stimulus as valid 

explanatory data are both features of positivist science. Both these features are 

closely related to the statistical methods used in the study of people's 
behaviour or social interactions. This is because those who developed the 
statistical methods saw these two features as important for science. Later 
scientists, who also thought these features of positivism were crucial to 
science, started using the statistical methods because they enabled science to be 
carried out in ways which fitted with the positivist beliefs. 

4.5 PsychologtJ And Significance Testing 

It is probably more than jusf coincidence that psychologists started using 

significance tests in the 1940s, both in America and in England, where the 

developers of this methodology were based. For at this time logical positivism 

was becoming increasingly popular in England under the influence of A.J. 

Ayer (Ayer, 1978). It was also popular in the United States, especially in 

relation to psychology. The science of psychology in these two countries, 
working under a common set of positivist assumptions, could easily justify 

the widescale use of a method like significance testing which adhered to these 

same assumptions. 

Thus, I would argue that the re-alignment of psychology and philosophy 
meant psychologists became more self-conscious about the methods of and 
the analysis of, psychology. Significance tests would have appeared to be a 
method that offered much to the scientist working under positivist 
philosophy, for they are custom-made for the testing of hypotheses, a 
procedure that was becoming popular in psychology due to the influence of 
such figures as Clark Hull. The increasing philosophical awareness of 
psychology, or, the increased emphasis of logical positivism/logical 
empiricism on psychology was an important factor in psychology's adoption 

of the significance testing methodology. 

Another important aspect of the relationship between psychology and 
philosophy relates to the original separation from the idealist, German 
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philosophical tradition. This divorce of psychology from philosophy has 

encouraged the retention of significance testing in that it has reduced the 

critical function of psychology. When this separation became complete, 

psychologists were not interested in issues relating to the nature of psychology 

as a science; they were more concerned with practicing the science. 

Psychologists were practicing their science in ways which seemed successful; 

the methods they were using seemed to work and gave them useful results. 

This outcome would have reinforced the anti-philosophical trend: why 

bother with epistemological and methodological debate when psychology 

could and did function without it? When psychology and philosophy were 

reconciled, the re-concilation involved logical positivism, a philosophy which 

does not encourage theory-formulation in the science, but instead stresses 

hypothesis-testing. In psychology the influence of logical positivism and its 

anti-theory orientation has spread further than just the methodological level. 

It has led to a rejection of any sort of theorizing about the nature of 

psychology, or rejection of any critical philosophy of psychology. As 

Mackenzie (1977) also argues, positivism's extension throughout psycholgy 

has led to a lack of any critical component in psychology. 

There seems to be more to the matter than this, though. It seems there 

existed some sort of egocentric attitude towards psychology on the part of the 

'new psychologists' of the late nineteenth - early twentieth centuries who 

wanted psychology to be a new, independent science, not related to ifs 

original philosophical roots. For really, there appears to be no clear reason 

why the two disciplines should have been separated. Continuing with this 

argument, as psychology was developing as an autonomous science, the 

physical and natural sciences were going through many revolutionary and 

exciting changes, actually making concrete discoveries and extending their 

powers, as it were. Philosophy meanwhile was not exhibiting the same sort of 

ability to obtain concrete findings; so it seems reasonable to postulate that 

psychology, needing to prove itself as a new science, should concentrate on 

the experimental, following the model set by such sciences as physics and 

biology at the expense of its theoretical and philosophical needs. This meant 

that when psychologists realised the need to return to philosophy for 

methodological advice in the late 1930s, early 1940s (Smith, 1981), they would 

turn to a philosophy that would justify psychology's adherence to the natural 

science model. It is no coincidence that this philosophy would be available to 
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psychology, for both logical positivism and the scientific psychology had 

developed under similar cultural, historical, and social conditions - a 

post-scientific-revolution in a technological and capitalist world. 

4.6 Psychology Today 

As a consequence of the realignment between psychology and 

philosophy, the current standard view of science, as Manicas and Secord (1983) 

indicate, is still basically atheoretical; most psychologists being unconcerned 

with the development of large-scale theories, working on a micro- as opposed 

to macro-scale. It· is fairly clear how this restriction to a micro-orientation in 

terms of research could lead to an avoidance of any sort of theoretical 

discussions as to the nature of psychology and its methods. Psychologists see 

their task as researchers uncovering data, working to predict and control, not 

engaging in discussions or considerations of the philosophy underlying 

psychology - that is a job for the philosophers. Unfortunately, when the 

philosophers point out limitations in psychology's methods, they are basically 

ignored. The dominant argument in favour of the retention of such 

techniques as significance tests in fact seems to be "these methods have 
worked in the past and still seem to give good results, so why discard them?" 

4.7 Psyc1wlogtJ and the Liberal View 

Sullivan (1984) forwards an explanation to account for the non-critical 

basis of psychology. This is basically that psychology is the embodiment of 
liberal ideology in the social sciences. Liberalism adheres to the belief that the 

individual is an autonomous social unit, that the individual's well-being is 
the ultimate point of social synthesis and that the individual can be studied as 
relatively independent of the social structure. Liberalism places the individual 

over the community: 

"Psychology, as a discipline, represents the overarching belief that the 
study of individual and microsocial units is possible and desirable ... A 
distinct discipline called psychology is truly a symbol of the liberal 
tradition, since it is the professional embodiment of the individual as 
a totality or unit. Psychology as a discipline is truly an expression of 
liberal individualism." (Suliivan, 1984, p. 54). 

Bhaskar (1978, 1979, 1986) also makes the point that psychology (as part 
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of the social sciences) restricts itself to a world-view that can be best summed 

up as methodological individualism, which asserts that facts about society are 

to be explained in terms of principles governing the behaviour of the 

participating individuals. Liberalism is very much a product of capitalist 

democracy, and it is not at all surprising that the liberal view dominates in 

psychology. For, as outlined, psychology holds to a positivist-based conception 

of science, and positivism is the capitalist way of looking at or understanding 
the world (Marcuse, 1964; Habermas, 1971). 

Sullivan's argument is that this liberal tradition has meant psychology 

has restricted its studies to the individual and ignored social structures. As a 

result it is not in any sort of position to critique power relations in society and 

serve an emancipatory purpose. If this argument is accepted, and there seems 

much to recommend it, including much of the information just put forward 

in relation to the development of American psychology, then it is possible to 

utilise this conception of psychology as a liberal discipline for the argument 

outlined above, and use it to support the assertion that psychology takes a 

micro-orientation in its research. In other words, the liberal tradition in 

psychology, which is closely tied to the standard view of science in psychology, 

blocks any large-scale critical thought, and any large-scale theorizing, both in 

terms of its subject matter and in relation to psychology as a science. The 

liberal tradition is helped by the perceived value-neutrality of psychology; 

and as long as the forces outlined above (specifically, the dominant 

philosophy and methodology of psychology and those factors considered by 

Sullivan (1984) ) work to block theoretical or philosophical discussion as to 

the nature of psychology and critique of psychology, there will be little change. 
Sullivan (1984) argues that what is needed is a critical psychology, one that 
discards claims to value-neutrality; a psychology that has a critical-interpretive 
function after the fashion of the critical theorists such as Jurgen Habermas. 

This critical psychology is required if there is to be any possibility of 
psychological research leading to large-scale social change, or of challenging 

the status-quo rather than reinforcing it and its inherent discriminations. 
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4.8 Significance Tests Are Theory-Laden 

To conclude then, because empirical statistical methods like significance 

testing are closely linked with positivist philosophy, due to the development 

of these methods by positivist scientists, the statistical methods were regarded 

as being applicable to areas where positivist beliefs and philosophy dominate, 

like psychology for example, with ifs standard scientific world-view based on 

positivist ideas. The nature of positivism is such that a series of 

interconnecting ideas justified the development of significance-testing 
methods, as well as other inferential statistical techniques, and justified the 
extension of these techniques to a broader field than they had been developed 
for with little or no change in the assumptions underlying the methods. The 
statistical methods fit with the meaning criterion of logical positivism and 
logical empiricism, whereby the validity of scientific claims is related to the 

consistency of these claims with empirical data (Feigl, 1956); this data must be 

theory-neutral and objective. As well, the data must secure intersubjective 

argeement, of which the best type is quantitative data gained from statistical 
analysis. Basically significance testing as an inferential statistical technique, is 
theory-laden with positivism. This theory-laden nature of significance testing 
should be enough in itself to validate the rejection of significance-testing from 
psychology, as positivism has been shown to be a limited, distorted and 
unfeasible philosophy of science (for example, see Scriven, 1962; Harre & 

Madden, 1975; Keat & Urry, 1975; Harre, 1979; Koch, 1985; Bhaskar, 1986). But, 

for numerous reasons psychology still adheres to the use of the significance 

test. One of these reasons has already been identified - the uncritical nature of 
psychology - and more reasons will be presented throughout this thesis. 
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CHAPTER FIVE 

The Limits of Statistical Significance Tests 

I argued in the preceding chapter that significance tests should be rejected 

from psychology because of their positivist nature. This rejection would be 

part of an overall rejection of positivist science in favour of a more realistic 

approach to science. But, if this argument is not accepted, there is still the fact 

that significance ~ests themselves have numerous limitations. These alone are 

enough to cast doubt on the validity of the statistical significance test. 

Significance tests have been in use in psychology since the late 1930s 

(Yates, 1951; see also Giere, 1972), their use becoming widespread during the 

1940s. Discussions of issues concerning the proper technique for use of these 

tests in psychology have been taking place since the tests became popular 

(Morrision and Henkel, 1970). This suggests significance tests have been 

misunderstood from the time they were adopted as a method in psychology. It 

was not until the beginnings of the 1960s, however, that the value of this 

particular method of data-analysis began to be critically questioned. (Morrision 

and Henkel, 1970). 

The first psychological discussions to deal with this issue were from 

Rozeboom (1960) and Nunnally (1960). Following this there appeared a 

multitude of papers including those from Grant (1962), Binder (1963), Wilson 

and Miller, (1964), Edwards (1965), Bakan (1967), Meehl (1967), Wilson, Miller 

and Lower (1967), and Lykken (1968). The orientation of the various 

discussions varied, some were against significance testing, others were in 

favour of this method. This debate has continued on to the present day, with 

recent papers by Dar (1987) for example, and Oakes' (1986) far-reaching critique 

of signi~icance tests; while a recent paper by Chow (1988) defends significance 

tests against various criticisms and alternative methods. 

What follows is an outline of the main points in the significance test 

debate. The general conclusion that should appear obvious after a reading of 
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these points, regardless of any preceding arguments, is that there is really no 

good reason why significance tests should continue to dominate psychological 

research. 

5.1 The Problem of Inappropriateness 

Rozeboom (1960) makes the point that the way a significance test leads us 

to think or act has no relation to how we actually think or act in the research 

process. What Rozeboom argues is that after a significance test is carried out, 

the test results demand we should accept or reject a hypothesis. This in itself is 

reasonably unproblematic. What is of concern is that the researcher does not 

act this way. Instead, in the course of experimentation, the researcher will use 

the results of a significance test to support a hypothesis under study. Data 

confer on one's conclusions an appropriate degree of belief and the researcher 

must decide on the basis of this the extent of belief he or she is willing to place 

on the hypotheses being tested, not to accept or reject them out of hand. Part of 

the reason for this problem is attributable to an incomplete understanding of 

the significance test by psychologists. This is a result of ambiguity in the test's 

formulation and lack of statistical training in psychology. But it could also be 

argued that the reason for the problem as identified is Rozeboom's particular 

conception of the task of the scientist in theory-building, which is related to 

testing beliefs or opinion rather than decision-making. Rozeboom's argument 

is only totally successful if one shares similar views of the nature of science, 

but this is not to say that he did not identify real issues related to significance 

testing. 

One of these points was that it is possible, depending upon how the 

researcher identifies his or her (substantive) theory with the null or 

alternative hypothesis, to gain either support for or against the theory. This 

means, in effect, that the outcome of a significance test is partly a function of 

the personal choice or theoretical predisposition of the reseacher. His or her 

particular belief in a theory will play a part in determining the outcome of a 
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test. The significance test is certainly not a value-neutral statistical method; its 

use serves to introduce bias into the research process. 

5.2 The Falsity of the Null Hypothesis, and Other Problems 

At about the same time as Rozeboom's paper there was a discussion of 

significance tests by Nunnally (1960). This outlined some of the issues which 

are now recognised as major limitations of the significance test procedure. One 

of the most important points made by Nunnally is that the null hypothesis is 

almost never true in the real world (see also Grant (1962); Edwards, et al. 

(1963); Bakan (1967); Meehl (1967) and Lykken (1968) for similar discussions). 

Therefore, it follows from this that using a large enough sample in an 

experiment will always lead to rejection of the null hypothesis, and if a null 

hypothesis is not rejected it is pecause the sample is too small. The basic 

rationale for this argument is that no two samples (of psychological variables) 

can ever be exactly the same, they will differ on some variable or variables, but 

not necessarily the ones under test (Bakan, 1967; Meehl, 1967, 1978). This 

means there is only limited reason to believe a significant result shows the 

presence of the effect being tested for. 

Nunnally (1960) also made the important point that although finding 

significance is usually the first step in research, it is not often that the 

researcher goes beyond this. That is, upon finding a significant result, the 

researcher usually acts as if something has been 'proven'. One implication of 

this is that more weight will be placed on significant findings than 

non-significant findings (for the latter will not be seen to prove anything), and 

the former will be seen as more important, this type of attitude leads to the 

problem of Type I errors (finding . an effect when no true effect exists) 

dominating the psychological publications, as outlined by Bakan (1967) and 

Greenwald (1975). 

The small n fallacy is another problem Nunnally (1960) recognises. This · 

is the notion that only enough subjects should be used in psychological 
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experiments to obtain significant results; the consequence of this is that 

researchers are encouraged to be content with imprecise estimates of effects. 

This point is especially emphasised by Oakes (1986). A statistical test is often 

compromised by a small sample size, as the test depends on assumptions such 

as homogenity of variance, assumptions that will not be fulfilled by a small 

sample. 

Another assumption that is often broken in the use of significance tests 

which may adversely effect results is that sampling is not random in many 

experiments (Nunnally, 1960; Bakan, 1967). The significance test being applied 

is based on statistical sampling theory, and it (theoretically) holds only when 

individuals are randomly or systematically drawn from the defined 

population. This point is at the basis of the common argument that it is fine to 

use a (random) sample of first- year psychology students in an experiment as 

long as any conclusions are not g_eneralised beyond this particular population 

(c.f. Oakes, 1986, esp. ch. 7). 

5.3 Two Types of Significance 

The problems Nunnally (1960) outlines have repeatedly been raised by 

other critics of the significance test. For example, the point that researchers do 

not go beyond a statistically significant finding can be related to the work of 

Bakan (1967). He argues an operationalist orientation prevails in psychology, 

leading to tests of significance being seen as analytic analogues of inductive 

inference. This Bakan blames on Fisher, who basically stated that the methods 

he was developing for statistical analysis constituted a relatively complete 

specification of the process of induction. As Nunnally points out, the outcome 

of this is that the researcher does not go beyond a significant finding, or as 

Bakan puts it, the test of significance and its results have to bear the entire 

weight of the conclusions drawn from it. 

All the test of significance shows is that the measures of central tendency 

of the aggregates differ in the population. Thus it is possible to infer from 
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sample to population on the basis of a test of significance. But, the test says 

nothing about the behaviour being tested for, or that behaviour which 

characterises each member of the population under test; therefore it is not 

possible to infer from the inference concerning the population to the 

hypothesis concerning the behaviour under study. So, for example, you may 

have justifiably inferred that the means of all schizophrenics differ from the 

means of all normals in relation to behaviour x in the populations from 

which the random samples have been drawn. But on the basis of this 

induction to the aggregate you may not then infer "that schizophrenics differ 

from normals in .such-and-such a way ... " - this conclusion follows from the 

researcher's inference concerning the aggregate to the researcher's hypothesis 

concerning the nature of schizophrenia (it is induction to the general) and is 

not allowed on the basis of the result of a significance test. Both induction to 

the aggregate and induction to th~ general are important parts of research, but 

induction to the general requires more than just a significance test. Again, it 

seems researchers are allowing the significance tests to do all the work for 

them, treating a low associated probability as a measure of validity for all 

inductions, and again, it seems that this is partly Fisher's fault for suggesting 

his methods were so powerful (Bakan, 1967). 

Bakan's general argument is in relation to the confounding of types of 

significance, and it seems he has a strong case against the significance test. 

Similarly, Lykken (1968) points out that support for a statistical theory in the 

form of a significant result is seen as showing substantive significance. Related 

to this is the belief amongst psychologists that a significant result gives a 

degree of confidence in the general proposition under test which is 

proportional to the degree of statistical significance obtained. The consequence 

of this is a high confidence in replications of experiments if a significant result 

is large, even when this confidence is not justified (see also Carver, 1978). As 

Lykken makes clear, and should become obvious throughout the following 

pages, just because a statistically significant result is obtained is no reason to 

conclude an experiment is a good experiment, and it is never sufficient to 
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allow the conclusion that a theory has been corroborated or a useful empirical 

fact established with reasonable confidence. 

Two points Bakan (1967) makes in relation to the use of tests of 

significance have caused some controversy. The first of these is in relation to 

researchers computing a test statistic - for example, a t-score - and then looking 

up the significance in a table, taking the associated probability as a function oft 

and thereby a measure of significance. This, Bakan points out, violates the 

inference model, because under this model one should initially adopt a level 

of significance as the specification of the probability of the null hypothesis. 

That is, one should use preset alpha levels. Oakes (1986), however, does not 

believe researchers should use preset alpha levels. Part of the reason behind 

Oakes' rationale is (as other critics such as Rozeboom (1960) have pointed out) 

that setting alpha levels in advance is untenable and impossible, and in fact is 

not normal practice in research .. Presetting alpha levels promotes the sort of 

disjunctive situation where one result - say, a test statistic of 2.3 - is on one side 

of the alpha level and implies acceptance of a hypothesis, while another result 

- say a test statistic of 2.4 - is on the other side of the alpha level and means 

reject the hypothesis. Common sense suggests that the distinction between a 

test being present and not being present would not be so sharp, and Oakes 

(1986) makes the valid point that not presetting alpha levels helps avoid this 

problem. So alpha levels should be ignored in favour of computing the 

associated probability; following Bakan 's line of reasoning may lead to an 

unnatural discontinuity in results. However, in his criticism of Bakan (1967) 

Oakes seems to miss the point that Bakan is referring to the ideal testing 

situation - where the Neyman-Pearson theory of testing is orthodox. Bakan's 

point is that if one is to use this test, and indeed, it is supposed to be used in 

psychology under orthodox conceptions, then one should use it properly, 

otherwise the test is violated. The Neyman-Pearson theory of testing states 

that the experimenter must preset alpha levels, so on this recommendation 

Bakan's approach is justified. What Oakes (1986) is referring to in his criticism 

of Bakan is the reality of research, and he takes a position which is justified by 
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the Fisherian test, which says nothing about presetting alpha. In this respect 

Oakes's argument is valid too, but not his criticism of Bakan. Bakan does not 

say that using the significance test properly will make it a good inferential aid; 

he is quite critical of it (as is Oakes). What Bakan is saying is that the test is not 

properly understood, and this has consequences for its proper use. Presetting 

the rejection or acceptance criterion is supposedly one way of ensuring 

significance tests are an objective method, and their results will not be 

coloured by the researcher's beliefs. As soon as this condition is broken, the 

assumption of objectivity of research is threatened, and the role of statistical 

methods begins to look questionable, as it becomes obvious that the researcher 

is not just a disinterested observer but actually has an influence on 'how the 

facts come ou f. 

5.4 Meehl and the _Falsity of the Null 

An important contribution to the significance test debate came from 

Meehl (1967) and subsequently in (1978) and (1986). Meehl's major point 

related to the null hypothesis never being true and the implications of this, for 

example, increasing an experiment's power, and thereby improving its 

precision, yields a high probability of corroborating a substantive theory with a 

significance test. This is the case even if the theory is totally without merit, 

because the consequence of increasing an experiment's precision by increasing 

sample size is an increase in the likelihood of a significant result, as Nunnally 

(1960) and Bakan (1967) point out. 

Meehl in fact believes that increased power will yield a prior probability 

approaching 0.5 of corroborating the substantive theory by a significance test 

(although the null will always be rejected by a powerful-enough significance 

test, it could be in the wrong direction approximately half the time). The 

obvious point of this is that a significance test provides extremely weak 

corroboration of a substantive theory in psychological research, and 'failing' a 

significance test is of much more value to the substantive theory than 
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'passing' it. This is because if the theory had merit in the first place, the 

probability of a non-significant result approaches zero. Unfortunately, when 

the average psychological journal reader is looking at evidence in relation to a 

theory, the reader commonly counts the number of 'positive' (significant) and 

'negative' (non-significant) results and weighs them equally, so more 

'positive' results than 'negative' are seen as support for the theory, which 

Meehl shows is not justified. The test of significance is asymmetrical, but 

researchers do not seem to realise this, and in fact a non-significant result is 

the strongest information a significance test can give us (Meehl, 1967, 1978). 

Oakes (1986) outlines an associated problem: because traditional 

alternative hypotheses have a high prior probability of being true, the 

substantive theory giving rise to them need not be very sophisticated. This 

ease of theoretical formulation is undesirable, because it hampers the 

development of explanatory syste~s with any degree of complexity or realism. 

The crucial distinction between substantive and statistical theory is in fact 

collapsed, and substantive theory becomes redundant, being replaced by 

statistical theory. This would appear to be a very real problem, for there is a 

definite lack of powerful, realistic explanatory theory in psychology. 

The problem with the low corroborative value of a significant result in 

psychology arises because the experimenter or researcher's theory is identified 

with the alternative hypothesis, and is thus corroborated when the null is 

rejected - an event that is common because the null hypothesis is never true. 

This identification of the experimenter's theory with the alternative 

hypothesis is a condition of both Fisherian and the Neyman-Pearson theory, 

so the problem is not just due to the researcher's personal choice of how to 

carry out the test; it is an inevitable consequence of the test used. 

Some criticisms of Meehl have been put forward; for example Serlin and 

Lapsley (1985) attempted to resolve issues dealt with by Meehl (1967, 1978) by 

putting forward arguments based on a Lakatosian perspective to justify the use 

of significance tests in psychology. However, Dar (1987) put forward a 

refutation of this conclusion, suggesting Serlin and Lapsley misinterpreted the 
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ideas of Lakatos and pointing out that in fact Lakatosian philosophy leads to 

the rejection of significance tests and other types of arbitrary automatic 

decision rules. 

Oakes (1975) has a reasonably strong case against Meehl. He argues that in 

some experimental designs the falsity of the null hypothesis assumption is not 

valid. These particular designs are what Oakes (1975) labels as true designs, 

where the experimenter assigns the levels of the independent variable to the 

subjects at will as opposed to self-selected designs, where the level of the 

independent variable assigned to the subject is determined for each subject by 

his or her own characteristics (eg sex, age, race) and so must be taken by the 

experimenter as they are found. In the self-selected designs the null hypothesis 

may in fact be false, but not in the true designs, so in these latter cases the 

significance test can be used. 

However, the problem with .Oakes' (1975) case is that Meehl is basically 

making the same point as Oakes makes. Meehl (1967) admits the acceptance of 

the falsity of the null assumption in the case of true experiments is not a 

necessary condition for the support of his argument; the fact that the 

significance test is extremely unsuited to one particular design which 

characterises a large amount of psychological research is evidence enough for 

its rejection. Meehl tightened up this distinction in his 1978 paper, by making 

more explicit the fact that his argument was most relevant to the 'soff areas of 

psychology like the social, clinical and personological where experiments are 

(not always, but often) of the self-selected design. It must be remembered too 

that Meehl (1967) uses the qualifier that the null hypothesis is '[quasi]-always' 

false, which is basically accepting that in some conditions his argument may 

not apply. Oakes' (1975) paper is really little more than a weakened form of 

Meehl's argument, except he feels the .significance test is a valid data-analytic 

technique, which Meehl does not. Moreover, Oakes' (1975) stance does not 

seem very convincing on the basis of the arguments of those like Bakan, 

Nunnally and Rozeboom. 
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5.5 The Asymmetry Argument 

As noted above, Meehl (1967) discussed the asymmetry of the 

significance test; that how the researcher relates theory to the statistical 

hypotheses can have a marked influence on the outcome of the test. This issue 

has been dealt with by a number of others, specifically, Grant (1962), Binder 

(1963), Wilson and Miller (1964), Edwards (1965) and Wilson et al. (1967). The 

basic argument revolved around whether the experimenter, in carrying out a 

test of significance, should take acceptance of the null hypothesis as support for 

a theory or rejection of the null hypothesis as support for theory. Grant (1962) 

was in favour of the Fisherian stance where acceptance of the null cannot be 

support for a theory, because under Fisher one cannot accept the null, only 

possibly disprove it. Additionally, as the null hypothesis is never true, the 

absence of a significant result ~s an indication of a poor experiment, so 

acceptance of the null as support simply indicates a poor experiment has been 

performed. Grant (1962) was not actually very favourable about the use of 

significance tests, but conceded that if they must be used, rejection of the null 

as support for the theory under test should be used. 

Binder (1963) responded with an argument based on Neyman and 

Pearson; namely, that the rejection of one hypothesis implies acceptance of the 

other, so acceptance and rejection are complementary. The most acceptable 

criterion for Binder is to identify with the null hypothesis that empirical 

hypothesis for which the error of erroneous rejection is more serious than the 

error of erroneous acceptance. For this reason he saw Grant's position as 

unjustified. Binder (1963) though, holds · a different conception of significance 

testing than Grant (1962) and it seems it is on this basis that Binder rejects the 

latter's position. 

Rejection of the null as support for the theory under test was seen by 

Wilson and Miller (1964) as the safest approach for the researcher to use, as it 

minimised the risk of error. While they shared this particular conclusion with 

Grant (1962), they did not share Grant's anti-significance test orientation. 
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Subsequently, Edwards (1965) offered some insights from a Bayesian 

perspective, namely that classical procedures for statistical significance are 

always biased against the null hyp.othesis, so much so that evidence in favour 

of the null may lead to the null's rejection by a properly-applied test. Thus, a 

theory is likely be supported if its prediction is associated with the alternative 

hypothesis (which is, of course, Meehl's (1967) point); really, either stance will 

bias the theory. A further problem is that the alternative hypothesis is 

essentially undefined, so there is no standard by which to judge the 

correspondence between data and null hypothesis; and there is little regard 

given to the possible alternative values of the alternative hypothesis, only that 

which fits with the researcher's theory (Edwards, 1965; Oakes, 1986). Edwards, 

as a Bayesian, is opposed to the use of significance tests because he saw them as 

inadequate. 

Wilson, Miller and Lower (~967), responding to Edwards, reiterated the 

earlier conclusion of Wilson and Miller (1964), that the conservative and safest 

approach was the rejection of the null hypothesis as support. This was because 

the probability of accepting the null hypothesis wrongly varies with the power 

of the test, meaning there will be a bias in favour of the null hypothesis and 

any theories identified with it. They felt that Edwards (1965) had used faulty 

reasoning in his argument and objected to his Bayesian commitment. Wilson 

et al. (1967) felt that significance testing procedures were the only type of 

inferential data analysis technique that could be successfully used in 

psychology. 

From this debate on the asymmetry of significance tests there arose a lot 

of contradiction and misunderstanding, as well as some valid points. The 

dominant trend that emerged was that people seemed to be in favour of 

rejection of the null hypothesis as theory support (i.e., identifying one's theory 

with alternative hypothesis). While this may be the approach that is most 

conservative, the approach dictated by the conditions of the theory behind 

significance testing, it is also an approach Meehl (1967, 1978) demonstrates to 

be adverse to the progress of theory construction in psychology. 
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The fact that the various authors put forward and justified some stance 

on the basis of their particular theoretical dispositions with little agreement on 

which specific approach to take does raise some questions about the adequacy 

of the significance test. How can it support contradictory positions? If this is 

only because of faulty reasoning on behalf of the various authors in this debate 

on asymmetry of the test, it implies that other psychologists will almost 

certainly not understand the tests either, as the various articles all appeared in 

reputable journals. 

5.6 Further Criticisms: The Neyman-Pearson Test and its Problems 

Another problem with the significance test which has not yet been 

considered relates to the nature of the Neyman-Pearson theory of testing. This 

theory is the orthodox significanc;e-testing theory of the social sciences, but 

there appears to be a limitation with it which relates to the nature of the test 

situation, making the Neyman-Pearson test unsuitable for its intended role. 

Firstly, however, it must be pointed out that the criticisms to be outlined 

do not really apply to the actual significance testing procedures used in the 

social sciences. The significance testing procedure which dominates in 

research practice is in fact a hybrid version of the Neyman-Pearson and the 

Fisherian theories of testing, and owes more to Fisher than to Neyman and 

Pearson (Spielman, 1974; Oakes, 1986). The problems or difficulties that arise 

as a consequence of the use of the Neyman-Pearson theory of testing do not 

occur as a result of using Fisher's test of significance. Therefore, the criticisms 

to follow could be seen as invalid in relation to the actual research practises of 

social scientists. But this point can be countered by noting that these criticisms 

show the Neyman-Pearson theory of t~sting, in its pure form, was unsuitable 

for adoption as the orthodox method of significance testing in the social 

sciences. 

The Neyman-Pearson theory of testing (hereafter NPT) states a 

significance test should be viewed as an aid in decision-making. Testing for 
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the NPT involves two possible courses of action, one of which is the best 

approach to take if some statistical hypothesis H0 is true, the other being the 

best to take if some statistical hypothesis Ha is true. The first of these 

approaches is to accept the statistical hypothesis H0 and reject the alternative 

Ha; the second is to acceptthe hypothesis Ha and reject H0 . The acceptance or 

rejection of the statistical hypothesis does not entail adopting an epistemic 
attitude towards the theoretical hypothesis; that is to say, it does not mean one 

can assume the theoretical hypothesis has been proven or disproven. The 

problem to which the NPT addresses itself is that of formulating an 

experiment the decision maker is to perform, and a rule of inductive 

behaviour which assigns an action to be taken for each possible outcome of 

the experiment. This ensures each action is justified for the decision-maker 

relative to his or her subjective preferences and beliefs (Spielman, 1973). 

Further to this, and of direct concern for testing in psychology, are the 

conditions under which the NPT can be validly applied. 

Neyman and Pearson (1933) state: 

"Without hoping to know whether each separate hypothesis is true 
or false, we may search for rules to govern our oehaviour with 
regard to them, m following which we ensure that, in the long run 
of ex:Rerience we shall not be too often wrong. Here, for example, 
woula be such a 'rule of behaviour': to decide whether a hypothesis, 
H, of a given ty:pe be rejected or not, calculate a specified character, x, 
of the observeci facts; if x>x0 reject H, if x<=x0 accept H. Such a rule 
tells us nothing as to whether in a particular case His true when x<= 
x0 or false when x> x0 . But it may often be proved that if we behave 
according to such a rule, then in the long run we shall reject it when 
it is true not more, say, than once in a hundred times, and in 
addition we may have evidence that we shall reject H sufficiently 
often when it is false." (p. 291) 

This quotation illustrates Neyman and Pearson's belief in a frequentist 

theory of probability; as we shall see, this feature of the Neyman-Pearson test 

appears to limit its applicability to certain situations. 

The frequentist theory of probability, as developed by Richard Von 

Mises, sees probability's domain as being mass phenomena and repetitive 

events. Maistrov (1974) outlines this. theory as follows. The basic notion of 

Von Mises' theory is that of a collective; an infinite sequence, K, of similar 

observations, each determining a certain point of a finite-dimensional space, 

R. One can only speak of probability when there exists a definite population 

of events, this population being the collective. Each collective must satisfy two 

conditions. Firstly, there must exist limits on an event's relative frequencies 
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for particular attributes within the collective. This limiting value is defined as 

the probability of the attribute. Secondly, these limits are invariant with 

respect to the choice of any subordinate of the collective which is arbitrary. 

Events do not possess probabilities prior to an experiment. According to Von 

Mises, they arise only as a result of an experiment. 

Basically, then, the NPT says one can only make valid decisions as to 

how to act on the basis of a significance test outcome in situations where the 

event under question can be conceived of as an instance of an infinite number 

of similar events occurring under similar conditions - for example, in an 

assembly-line type situation where one is testing for quality control, or in 

. situations where numerous successful replications of an experiment can be 

carried out. 

Hacking (1965) states that Neyman and Pearson " ... entirely reject the 

idea of testing individual hypothesis" (p. 103) and he points out that Fisher felt 
Neyman and Pearson's theory of testing to be, if anything, best suited to 

routine and repeated investigations. Fisher also saw the NPT as irrelevant to 

testing hypotheses of the sort · important to scientific advance. Fisher's 

thoughts on this matter are given in his (1973). 

Another problem with the NPT according to Fisher (1973), relates to 

interpreting tests of significance as originally outlined by Fisher. Fisher states 

this as follows: (Note that a test of significance here refers to a Fisherian 

significance test, while the NPT is classified as a decision-making procedure.) 

"An important difference is that decisions are final, while the state of 
opinion derived from a test of significance is provisional, and capable, 
not only of confirmation, but of revision. An acceptance procedure 
is derived for a whole class of cases. No particular thought is given to 
each class as it arises, nor is the tester's capacity for learning exercised. 
A test of significance on the other hand is intended to aid the process 
of learning by observational experience. In what it has to teach each 
case is unig_ue, though we may judge that our information needs 
supplementmg by further observations of the same or a different 
kind. To regard the test as one of a series is artificial...The concept that 
the scientific worker can regard himself as an inert item in a vast 
cooperative concern working according to accepted rules, is 
encouraged by directing attention away from his duty to form correct 
scientific conclusions, to summarise them, and to communicate them 
to his scientific colleagues" (pp. 103-104) 
One problem with this argument of Fisher's is in relation to his belief 

about decisions. When one makes a decision on the basis of the outcome of a 

Neyman-Pearson test, it is made with a certain degree of error, or a 

probability of being incorrect in some way. As Neyman and Pearson put it: 
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"We may accept or we may reject a hypothesis with varying degrees of 

confidence; or we may decide to remain in doubt." (Neyman and Pearson, 
1933, p. 295-296). 

So, on the basis of the outcome of a Neyman-Pearson test of significance 

a decision is made, but it is not necessarily final. One may, for example, carry 

out a number of tests and then, with the evidence from the results, make a 

decision on whether or not to accept the hypothesis tested. But if later tests 

show this decision to be incorrect there is no reason why the initial decision 

should be the final one. It is entirely possible for the test user to modify a 

decision in the light of later evidence. In fact, the nature of the result of a 
Neyman-Pearson test implies that the outcome should not be taken as 'final 

evidence' in favour of some position; instead one accepts or makes ones' 
decision with some degree of uncertainty or some chance of committing one 
of two types of error. Thus, one admits (although probably implicitly or 
unconsciously) that one's decision is not necessarily final (see also Neyman, 
1957). 

A similar point is outlined by Hacking (1980): "It is important to recall 

that Neyman-Pearson techniques, understood as rules of inference, are not 

rules that tell you what you must do on every occasion." (p. 154). This, I 

think, can be taken to mean that these 'rules' do not commit you to a final 

decision on the basis of every outcome. 
The above statement from Fisher suggests he seems to think that 

Neyman and Pearson have a monopoly on decisions, and those using the 
Fisherian significance test would never make a decision on the basis of its 
outcome. However, the state of opinion derived from using Fisher's 

significance tests will eventually lead to some form of decision being made; 

as Fisher says, a decision is final. Therefore, the state of opinion will not be 

capable of confirmation or revision. Fisher's argument, if extended, leads to 

contradictions. 
This may, however, be reading too much into Fisher's comments on the 

NPT. But taken literally there are problems in his argument, too. If in fact all 
one is allowed to take from the outcome of a significance test is a provisional 
opinion then tests of significance are inadequate for progress in science - one 
may never have faith in the empirical evidence obtained as support or 
negation of one's theories, and one would constantly need to retest theories 

for confirmation or possible revision. Basically, Fisher is stating that his theory 

of tests of significance is near useless in the advancement of science because it 
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does not allow the confidence of any sort of final decision to be drawn. This 

means that scientific knowledge will be based on provisional opinion, nothing 

can be known for certain. The implications are rather worrying for 

psychology, which has used as its primary source of hypothesis verification, 

and thus knowledge acquisition, a Fisherian-based form of significance testing. 

It would seem that all we are entitled to claim for the efforts of psychologists 

over the years are opinions which can never be totally verified. This is not just 

a consequence of a Fisherian-oriented methodology, either. The 

Neyman-Pearson significance test does not allow an opinion to be made with 

complete confidence, there is always the possibility of a Type I or Type II error 

occurring. 

Fisher's argument that the Neyman-Pearson test directs attention away 

from proper scientific activity on behalf of the scientist seems odd. The final 

aim of the tests is to aid the scientist, the research worker, or the consumer of 

these tests in making a decision, and influencing their actions appropriately. 

Even if this is not done until after a series of tests on replicated trials are 

carried out, the final aim is stiil the same, i.e., to form 'correct' scientific 

conclusions and act on them accordingly. 

So it would seem that the arguments of Fisher against the 

Neyman-Pearson test, in relation to its long-run trial testing nature are not 

particularly strong. However, other problems exist in relation to the use of the 

Neyman-Pearson test and these suggest that this theory of testing has little 

place in psychology. 

5.7 The Long-Run Test Criterion of the NPT: Implications 

For Psychology 

Morrision and Henkel (1970) give what is one of the clearer explanations 

of the logic behind the long-run testing nature of the Neyman-Pearson test. 

Basically this involves the application of probability theory to a given 

empirical outcome to determine the ratio of correct decisions about future 

outcomes of tests of a hypothesis. ·The test is a procedure for judgment 

involving a firm rule, stated in advance, that yields a specified proportion of 

valid judgments in the long run of trials similar to that under test. In the 

short run, or for each particular instance under test, the procedure gives a · 

decision (see also Neyman and Pearson, 1933; Hacking, 1965; Spielman, 1973; 

Seidenfeld, 1979). For the decision to be valid in relation to later replications 
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of the trial, or in the long run, each trial must be reasonably similar, i.e. 
replicable. The implication here seems to be that the trials do not actually need 

to be replicated, but must be conceivably replicated (Hacking, 1965). As the 

Neyman-Pearson theory is a theory of long-run testing, it is important that 

individual trials tested by this method be replicable. This is where problems 

with the use of the Neyman-Pearson test in psychology arise, as there is a body 

of literature which suggests a psychological experiment may not be 
replicable; so therefore repeated trials will not be similar over the long run. 

The reasons why it may not be possible to replicate experiments are 
related to such factors as demand characteristics of experiments where subjects 
realise what is required of them in an experiment and react accordingly 
(Orne,1962; Greenwood, 1982). Demand characteristics are defined as " ... the 

totality of cues which convey an experimental hypothesis to the subject [and] 

become significant determinants of the subject's behaviour" (Orne, 1962, p. 
779). Another factor which influences experimental outcome is the activity of 

the experimenter and interactions between the experimenter and subjects. 

This is experimenter effect or experimenter bias (McGuigan, 1963; Rosenthal, 

1964; Kintz et al., 1965; Harre and Secord, 1972; Greenwood, 1982). A third 

factor is related to the fact of experiments being social events (Orne, 1962; Harre 

and Secord, 1972; Harre, 1980). 
How these three factors affect the replicability of experiments is as 

follows. Due to the fact that each experimental subject is going to have a 

different environmental, social and genetic background to every other 

subject, there are going to be differences in the way they react to and interpret 

situations they are placed in, how they react to experimenters and such like. 

As well, differences arise in a person's performance due to the influence of 

such factors as surroundings or environmental cues (Meehl, 1967). 
The simplified environment of psychological experiments (especially 

laboratory experiments) must be considered, too. This simplification leads to 
an ambiguous situation in terms of interpreting which actions are necessary, 
as the subjects do not know which rule-meaning system they must draw upon 
to aid their activity (Harre, 1980). One cannot assume that the meanings 
subjects attach to an experimental situation will be the same across subjects 
(Harre and Secord, 1972), so there will be different interpretations made by 
each subject because they have no clear-cut cues as to how they should act. 

Therefore, different responses from different subjects arise, and the 

experimental outcomes of differing trials of an experiment will be influenced 
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by these varying interpretations. 

In relation to demand characteristics, there will be differences in how 

subjects react - for example, one subject or group of subjects may pick up 

certain cues and act accordingly, others may not pick these cues up, or react to 

them in a different manner from the first group. Therefore, the behaviour of 

different subjects could be different because of the demand characteristics and 

this could affect the experimental outcome. Harre and Secord's (1972) person 
parameters come into play here, these being basically features of people that 
influence their behaviour towards others in certain situations. The person 

parameters are similar to Greenwood's (1982) outline of factors which 

influence experimental outcomes, such as the subject's ability to act as if they 

were naive when· they really know what is expected of them. There is also the 

fact that subjects are often docile and cooperative, wanting to please the 

experimenter; the fact that subjects wish to appear normal and preserve 

self-esteem; and the fact that they are likely to be volunteers which may mean 

they will cooperate with the experimenter, seek social approval, and so on. It 

is not necessarily the case that these person parameters are generalizable 

across all subjects or that all subjects possess them to the same degree or 

manifest them in the same manner. This has implications for the replicability 

of experiments. 
Similarly, the experimenter effects may be (or will be) different across 

different subjects. So, replications of experiments with different 

experimenters (not necessarily different subjects) may give different outcomes 

due to different subject-experimenter interactions. Of course, holding the 

sample constant across two replications will influence results, too, because 

subjects may realise what is required of them in the second experimental trial 
and react accordingly, giving differing results to those of the first trial. 
Alternatively, the subjects may be in different mental or physical states to the 
original trial, which could affect their reactions and results across experiments. 

Concerning the social nature of an experiment, different experimental 

situations (as will occur in replications) will result in the social situations of 

the experiment differing as a function of the nature of the experimenter, 
nature of the subjects and so on. This will influence the experimental 
outcome. Social psychological phenomena do not retain their identity when 

isolated from other social psychological phenomena as their identity is 

determined by their relation to such phenomena (Greenwood, 1982). 

Therefore, this implies that in a different experimental setting, the identity of 
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the various social psychological factors will change and the experimental 

outcome will be affected. 

There also is the problem of the nature of the volunteer subject. If 

subjects are chosen on the basis of their volunteering to take part in an 

experiment, they may have volunteered for any one of a large number of 

personal motives (Orne, 1962). These different reasons for volunteering will 

obviously not be the same across subjects and could differentially influence the 

subjects' behaviour in the experiment. This could cause problems for 

replicated experiments where volunteer subjects are used. 

Basically, then, there are a large variety of factors which influence the 

outcome of psychological experiments, many of which are difficult to 

eliminate or control for, and which suggest that every subject is going to give 

responses which vary from other subjects (in the same and altered 

experimental situations), not necessarily as a result of the experimental 

manipulations. This, then, implies that most replications of psychological 

experiments will give results which are not really similar, in that each 

individual experiment will have various different factors combining to 

produce the experimental outcome. These factors will not be constant from 
one experiment to another, or, repeated trials will not be similar over the long 

run, therefore the conditions necessary for the application of the 

Neyman-Pearson test do not hold; thus it is invalid to use this test of 

significance for psychological experiments. 

To recap then: " ... The Neyman-Pearson statistician cannot make 

inferences about any uncertain event - only those that are conceivable as an 

instantiation of a hypothetically infinite number of repetitions of a sampling 
procedure under essentially similar conditions." (Oakes, 1986, p. 214). 
Repetitions of psychological experiments, i.e., replications, do not meet the 
necessary conditions for use of the Neyman-Pearson theory of testing. 

This consequence of the Neyman-Pearson test, as outlined by Oakes, is a 
result of an adherence to a relative frequentist theory of probability. This 

theory of probability has itself come under criticism, but this is not really the 

place to go into these criticisms. (see Kyburg,1974; Maistrov,1974; and 

Oakes,1986). As well, a further refutation of the Neyman-Pearson test, 

considering its long run trial nature, is given by Spielman (1973). However, 

this raises further issues which we need not deal with here. 
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5.8 The Value of Tests of Significance 

The only valid conclusion one can draw from the preceding discussion 

is, I think, that significance tests should not be used in psychological research 

because they are compromised by too many factors. Even when the 

pro-significance school has tried to play down the relevance of these faults, 

there is still an implicit acknowledgement of the faults. Thus, it is not just the 

critics who are pointing out the limitations of significance testing. Important 

also is the lack of any convincing justification for why significance tests should 

be used as the dominant inferential statistical method in psychological 

research; this last point alone should be enough to make researchers question 

the method. If anyone chooses to look at significance tests closely, they will see 

the lack of justification for significance tests exists because there is very little 

justification apart from such dubious historical or social conventions as beliefs 

in the universality of this particular method. 
But, even after the concentrated attack on significance tests of the 1960's, 

this method continued to dominate. It still does today, despite more recent, 

powerful criticisms from Carver (1978), Oakes (1986), Dar (1987) and others, 

who elaborated on, or cleared up problems with, the 'classical' arguments. 

One of the strongest current arguments is in relation to the inability of 
significance tests to reliably calculate effect size, or to measure the size of the 

influence of the treatment used in the experiment. Oakes (1986) illustrates that 

the value of a test statistic and/ or its associated probability is not a very reliable 
measure of effect size. He shows that even if two values yield sharply varying 

test statistics it is no guarantee that the underlying strengths of effects are also 

variant; while similar test statistics and associated probabilities may conceal 

widely-differing strengths of relationships. Two major impediments to 

inferring effect size identified by Oakes (1986) are: 

1. Test statistics are functions both ·of effect size and sample size, so a 

significant result could be because of a large effect and small sample or a small 

effect and large sample. 

2. The relationship between effect size and associated probability is not 

linear for a given sample size, but is typically exponential so a small increase 
in effect size can increase statistical significance by a dramatic amount. 

One qualification here though is that the first problem Oakes (1986) 

identifies does not in itself seem too serious, for if one uses a small sample and 

finds an effect size, the types of conclusions drawn are likely to differ from 
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those drawn when finding an effect with a large sample; the researcher should 
be more conservative in making inferences from a small sample. As this first 

point of Oakes' stands, it seems fairly uncontroversial, but perhaps in 

association with other factors it could still cause problems. But the 

implications of the second point are much more further reaching than those 

of the first and are not particularly encouraging for the users of significance 

tests. Dependence on significance tests for the task of making inferences as to 

the effect size produced by experimental manipulations may lead to over- or 
under-estimation of effect size. Some alternative methods of inferring effect 
size are needed; Oakes (1986) favours such indices as the proportion of 

variance accounted. These types of measures give such information as the 

percentage of variance in the dependent variable that the factor being tested 

actuallv accounts for. 
J 

Of course, this point makes it obvious that if significance testing is 
inappropriate as a data analytic technique there must be some type of 

alternative with which to replace it. Alternatives suggested by the critics of 
significance testing include Bayesian methods and likelihood inference, 
meta-analysis, use of effect size (see Chow, 1988) computation of confidence 
intervals, and use of mathematical models. Oakes (1986) gives a clear 
summary of the main issues involved with some of these alternative 
methods, while Lovie· (1986) presents a collection of discussions on some new 

statistical techniques. 
However, all these alternative views suggest statistical analysis and 

inferential statistics play an important part in the process of psychological 

research. Is this in fact an acceptable point of view? I shall deal with this issue 

in my concluding chapter; but before doing so I shall consider reasons as to 

why statistical significance tests have attained their dominance in 
psychological research, and why they continue to serve as the main method of 

data analysis. 
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CHAPTER SIX 

Significance Tests and Statistical Reasoning 

One possible explanation for the continued dominance of significance 

tests relates to the nature of the knowledge of significance tests possessed by 

psychologists. This argument, the 'limited understanding' argument, 

suggests that psychologists have an impoverished understanding of the use 

of statistical techniques. 

6.1 The Role of Misunderstanding 

It seems that, when using significance tests, there is a tendency for those 

utilising them to place too much weight on the results of the tests, reading 

more into the data the tests give than is justified. It seems most psychologists 

do not realise how limited tests of significance are, and consider these 

methods to be a lot better than they really are. As long as the consumers of 

these tests do not fully understand them, they will keep on using the tests, 

and misusing them in most cases. A lack of understanding of the tests 

suggests that there will be no knowledge of the technical structure or theory 

behind significance tests, knowledge that is important in ensuring correct 

utilisation of these methodological aids. 

To support the assertion that psychologists have a limited 

understanding of the significance test, experimental evidence is available 

which shows psychologists do not understand tests of significance. This 

includes the work of Tversky and Kahneman (1971; Kahneman and Tversky, 

1972). These researchers found that psychologists trained in the use of 

statistics commit errors in their statistical reasoning when considering 

statistically sophisticated situations and·examples. 

In their 1972 study, Kahneman and Tversky found poor and faulty 

statistical reasoning in a sample of statistically-sophisticated psychologists. 

Tversky and Kahneman argued that' as statistical significance is commonly 

viewed as the representation of scientific truth, a real effect in the population 

will be expected to be represented by a significant result in the sample. As 

well, there will be insufficient regard given to sample size when testing for 

this real effect, or, in more technical terms, the power of the test will not be 

considered. While the implications of the relationship seen to exist between 
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statistical significance and scientific truth are rather dubious, we shall not 

deal with them here. Of immediate concern is the consequence of the lack of 

consideration of power; this consequence is that researchers are prone to 

overestimate the likelihood of a significant result whenever they believe the 

null hypothesis to be false. This sort of thinking was shown to lead to an 

unjustified confidence in a test's replicability. In terms of research this 

means researchers have unrealistic expectations concerning the attainment 

of significance, and it results in the planning of studies which are deficient 

in statistical power. 

Unjustified faith in the replicability of a significant result in a small 

sample and expectation of a significant result in research when an effect in 

the population 'is present is a result of the representativeness heuristic 

(Kahneman and Tverskv, 1972): "A person who follows this heuristic 
✓, ~ 

evaluates the probability of an uncertain event, or a sample, by the degree 
to which it is: (i) similar in essential properties to its parent population; and 

(ii) reflects the salient features of the process by which it is generated." (p. 

431). 

The law of small numbers also plays a part in affecting judgment in 

statistical reasoning (Tversky and Kahneman, 1971). This is the erroneous 

belief that small samples are as representative of a population as large 

samples are. From this belief one draws generalizations from small samples 

with the same degree of confidence as generalizations that are drawn from a 

large sample. When combined with the representativeness heuristic, and a 

belief that random processes are self-correcting (Tversky and Kahneman, 

1971), the result is that psychologists expect statistics from small samples to 

lie closer to population parameters than sampling theory allows. This 

erroneous belief leads to researchers thinking two (or more) samples will be 

unreasonably close to the population in their important parameters and 

extremely close to each other; hence researchers have unjustified faith in 
replicability of a significant result for small samples, and a belief that 
significance will be found if the population shows an effect. 

6.2 Do Psychologists Understand Signifiance Tests? 

Some Alternative Views 

Studies carried out by Nisbett, Krantz, Jepson and Kunda (1983), Fong, 

Krantz and Nisbett (1986) and Lehman, Lempert and Nisbett (1988) seem to 
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contradict the findings of Tversky and Kahneman that statistically-trained 

subjects make errors in their statistical reasoning. The later studies by Nisbett 

and colleagues suggested that statistical training enhances the use of 

statistical principles in reasoning tasks. 

Fong et al. (1986) reported that, on the basis of their findings, it appeared 

that if people were encouraged to think statistically they would use statistical 

principles in their reasoning. This encouragement was given through 

training courses on statistics. This training could be over a long period of 

time or else over a short time period; either way it would affect judgmental 

tasks. As well, the training was generalizable to a number of different 

situations; to different testing situations, to events associated with 

probability and uncertainty and events rarely associated with these concepts. 
The training appeared to enhance statistical thinking for both social events 

and nonsocial events. 
Fong, et al. (1986) concluded that their studies suggest people make use 

of abstract inferential rules in the form of statistical heuristics. Also, training 

on the purely formal aspects of the law of large numbers improves statistical 

thinking over a broad range of content, and showing subjects how to use a 

rule in a given content domain will generalize completely to other content 

domains. 

While this study does not fit with the evidence found by Tversky and 

Kahneman in their various studies, it must be pointed out that Fong, et al. 

(1986) restricted the statistical problems they gave to the subjects to rather 

simplistic probability concepts - the sort of situations one is likely to 

experience in everyday life. Fong et al. (1986) used nothing as abstract as the 

hypothesis-testing methodology of Kahneman and Tversky's work. Even 

when Fong et al. tested highly-trained statisticians for evidence of statistical 

heuristics in their judgmental processes the problems were of a familiar and 

everyday-type. 
Similarly the work of Nisbett, et al. (1983) was carried out to see if people 

respond to statistical variables for easier problems and for different types of 

problems to those used in Kahneman and Tversky's work. Nisbett et al. 

(1983) felt there is good evidence to suggest people possess statistical 

heuristics; these heuristics are applied by children to the behaviour of 

random generating devices at a young age, and adults who have no training 

in formal statistics seem to reason statistically about a number of events 

other than those involving randomizing machines. The sort of events 
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adults use statistical reasoning for tend to be everyday or common events -

performance in tests, sports, weather, or accident and death risks for 

example. The conditions that encourage the use of these heuristics are such 

things as the recognition of the role of chance in producing events in some 

general situation, the 'sphere' that the problems occupy - i.e. mathematical 

or statistical as opposed to social, and a cultural or sub-cultural prescription 

to reason statistically about events of a given kind. Nisbett et al. (1983) 

concluded that reasoning statistically about everyday events should be highly 

trainable. As people do seem to possess statistical heuristics, formal statistical 

training would likely give a refinement of pre-existing statistical knowledge. 

Again, these findings do not fit with those of Kahneman and Tversky, 

but the discrepancies do not seem to challenge Kahneman and Tversky's 

work. As in the study by Fong et al. (1986), Nisbett et al. were considering 

rather simplistic problems, and the statistical heuristics they uncovered are 
statistically basic ideas. The study by Nisbett et al. did not show an 
understanding amongst psychologists of statistically complex ideas, or that 
psychologists trained in the use 'of statistics actually possess highly abstract 

statistical heuristics. The statistical heuristics that are used seem to exist at a 

basic level facilitating reasoning and judgment, but when one has to think 

on a more abstract, technical level - i.e. in relation to actual statistical 

techniques - these heuristics do not seem to be of much use, in that they do 

not help psychologists overcome the faulty reasoning pointed out by Tversky 

and Kahneman (1971) and Kahneman and Tversky (1972). Instead, in 

situations where higher-level statistical problems are dealt with, the 

statistical heuristics Nisbett et al. identify seem to be replaced by erroneous 

heuristics. 
Oakes (1986) put forward an alternative explanation to account for the 

findings of Kahneman and Tversky. Instead of relying on an explanation 

based on heuristics, Oakes (1986) contended that low-power studies are better 

explained by referring to a widespread misunderstanding of the logic of the 

significance test. 

To test for the problems uncovered by the early studies on statistical 

reasoning, Oakes (1986) asked seventy academic psychologists the following: 

Suppose you have a treatment that appears to alter performance on a certain 

task; you use a simple independent-means t-test to compare the means of 

your control and experimental groups (with twenty subjects in each group); 

the results are t=2.7, d.f. 18, p=0.01. The subjects then had to assess the truth 
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or falsity of a number of statements which were possible conclusions of these 

results - for example, that the results of the t-test have absolutely disproved 

the null hypothesis, or that they represent the probability of the null 
hypothesis being true. All the statements were false, but only three subjects 
(4% of the sample) correctly identified them as so. 

The subjects then had to indicate which of the six (false) statements 

presented corresponded to the usual interpretation they placed upon the 
outcome of a significance test. If none of the six statements applied, the 

subjects had to give their usual interpretation. What the results they were 

considering really showed was the probability of the data given the null 
hypothesis; this statement (not amongst the six presented to subjects) was 

given by eight subjects - 11.3% of the sample. Of these eight, only two 
consistently identified all six statements as false and gave the true statement 
as the usual interpretation they would make of the type of results used in 
this study. So, Oakes (1986) concluded, only two out of seventy subjects had a 
sound understanding of the logic of th~ significance test prior to the study. 

In Oakes' study, 96% of the· subjects chose as their interpretation of the 

significant result a statement that referred to inverse probability. These 

statements were of the form of 'the probability of a hypothesis given the 

observation of data ... ', and are actually inadmissable under a relative 

frequentist definition of probability, instead; they belong to a bayesian 

interpretation. The power of a test is not a concept of interest to bayesians as 

they can find the actual probability of the null hypothesis being false because 

they admit inverse probabilities. Power is neglected by psychologists, argues 
Oakes (1986), because their misunderstanding of statistical significance makes 

power a redundant concept. 
Oakes (1986) pointed out a second aspect of significance tests, or more 

directly, the misunderstandings of significance tests. This is in relation to 

their decision-making nature. A significance test provides the probability 

that an effect does or does not exist. The significance criterion divides this 

underlying continuum into the dichotomy of 'effect exists or does not exist'. 

This leads to the belief, in Oakes' opinion, that a significant effect really does 

exist and is likely to be replicated, while a non-significant effect does not exist 
so will not be replicated. 

It seems, then, at least on the basis of Oakes' argument, that 
psychologists overestimate the replicability of a result because it is 
significant. This phenomenon Oakes (1986) referred to as the significance 
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hypothesis, and it is distinguishable from Tversky and Kahneman's (1971) 

representativeness hypothesis. With the significance hypothesis, subjects 
expect two findings to be unreasonably similar with respect to their 

significance - i.e. if a result is significant, it is highly likely to be replicable. 
With Tversky and Kahneman's (1971) representativeness heuristic, subjects 

expect two findings to be unreasonably similar with respect to their statistics. 

Oakes (1986) reported more evidence to suggest in fact there is a separate 

'significance hypothesis' or significance heuristic at work influencing the 
statistical judgments of psychologists; because this significance heuristic is 
closely linked to the representativeness heuristic it has not been identified as 

a distinct heuristic in previous research. 

One result of the significance hypothesis, however, is that it works to 
negate the law of small numbers. The explanation which arises from the 
significance hypothesis is not that which states people place more confidence 

in small samples than is justified. Rather, this hypothesis states that 
psychologists have a conception of the logic of significance tests that has no 
place for power, leading to a fallacious attitude towards the existence of 

experimental effects (Oakes, 1986). 

A study by Rosenthal and Gaito (1963) is relevant here. This study was 

concerned with the confidence psychologists were willing to place on 

differing research outcomes. Rosenthal and Gaito (1963) found that the 

subjects of their experiment were more willing to accept as valid research 

outcomes with p-levels below 0.05 and placed more trust on large samples 
than on small samples. An extension of this study (Nelson, Rosenthal and 
Rosnow, 1986) showed similar results. These findings do not fit with the law 
of small numbers hypothesis put forward by Tversky and Kahneman (1971); 
one would expect, on the basis of this heuristic, that subjects would have 

equal faith in both large and small sample sizes. However, Oakes' (1986) 

explanation (the significance hypothesis) seems to account for the findings of 
Rosenthal and Gaito (1963). 

Oakes (1986), in another small experiment, found researchers tend to 
overestimate degrees of association from correlational measures. In this case 
he gave his subjects one of two tasks to carry out: either to assess the size of a 
correlation between two sets of data (the correlation was 0.5, but this was not 
told to the subjects), or to attempt to create a correlation of 0.5 between two 

sets of data. The majority of subjects underassessed the size of the 

correlation, most thinking that it was less than 0.35; while the majority of 
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subjects who created what they thought to be a correlation of 0.5 were 

over-ambitious - the mean of the subject's attempts was 0.68, the median 
correlation was 0.76 (negatively skewed distribution). 

Oakes (1986) pointed out the consequences of this for statistical 

inference; these are not so important here. What is important is that this 

study again shows a limited understanding or ability of psychologists to 

correctly use or interpret statistics, even in the case of a fairly simple measure 

of association between data like correlation coefficients. 

This is further supported by the fact that psychologists overestimate 

effect size from statistical significance. Oakes (1986) asked a group of 

psychologists to make a judgment on the size of a group manifesting some 

effect on the basis of a significant result showing the existence of that effect. 

The subjects overestimated the size of the group - their perception of the 

magnitude of the effect was too large. These results show a need for care in 
the intuition of effect size from the outcome of a significance test (Oakes, 

1986) and suggest limitations in the understanding of inferential statistics on 

behalf of psychologists. 

The misunderstanding of significance tests appears to be a result of an 

inadequate grounding on psychologists' behalf in the methodological 

principles of these tests. This misunderstanding may be related to the 

uncritical, non-theoretical nature of psychology. As argued above (chapter 4), 

psychology restricts itself to the micro-level of theory and research. Applied 

research is promoted, but this is at the expense of any indepth understanding 

of the issues of research. Psychologists may be concerned with data-analytic 

techniques, but often this is only to a simplistic level, relating to how these 
techniques should be applied. Analysis of the results is usually left up to 
computer packages which are expected to do the thinking for the researcher. 
This effectively removes for the researcher any responsibility or neccessity 

for understanding the statistical methbds under use. There is no need to 

understand the philosophy underlying the methods, they still appear to 
work without this understanding. Unfortunately, however, this lack of 

understanding will lead to an incorrect use of these methods. These issues 

will be looked at in more depth shortly; first, however I will consider 
another possible reason for the misunderstanding of significance tests. 
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6.3 Birth of a Hybrid: An Explanation For Misunderstandings 

Perhaps one of the main reasons for a misunderstanding of tests of 

significance is related to the fact that the test of significance taught to 

psychologists is not the 'pure' test of significance put forward by either Fisher 

or Neyman and Pearson. Psychologists are taught that they should use 

statistical significance tests when doing research, but are taught them in an 

incorrect manner, which gives more emphasis to the Fisherian than the 

Neyman-Pearson method; the tests that are commonly used are an 

amalgamation of the two different theories of testing. 

This amalgamation does not seem clearly explicable on the basis of any 

available evidence, but it is possible to suggest at least one explanation. For 

example, Fisher's test, originally used for data analysis, would, upon a wide 

exposure of the Neyman-Pearson test seem, limited in some respects. To 

begin with, the Fisherian test placed a more conservative interpretation on 

what could be concluded from· the results of a significance test than the 

Neyman-Pearson test. As well, the range of problems to which Fisher's test 

could be applied and provide useful answers is narrow, while the principles 

upon which it rests are very obscure. There is no consideration of alternative 
hypotheses under the Fisherian test; all one can do is reject or tentatively 
retain the null hypothesis. As one of the more famous of Fisher's statements 

goes: "It should be noted that this null hypothesis is never proved or 
established, but is possibly disproved in the course of experimentation. 

Every experiment may be said to exist only in order to give the facts a chance 

of disproving the null hypothesis." (Fisher, 1935, p. 19). 

The Neyman-Pearson test, on the other hand, allows one to consider an 

alternative to the null hypothesis. The ·outcome of the Neyman-Pearson test 

is in the form of a decision to accept the null with a certain level of error of 

acceptance, or reject the null hypothesis, and in this latter case, to entertain 
the notion that some alternative hypothesis is 'correct' with a certain 
probability of error. So, the Neyman-Pearson test appears to give a lot more 
information than the Fisherian test. One is also able to compute size and 
power of a test under the Neyman-Pearson formulation; these two indices 

give some idea of how 'reliable' the test was. With this comes errors of the 

first and second kind, measures of confidence for your decision that are not 

available with the Fisherian test. 
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Other improvements made by Neyman and Pearson on the test of 
significance included formulations of 

"an extensive rationale for the comparison and derivation of 
different tests in terms of their 'nice properties' such as the 
uniformly most powerful test, most powerful tests and unbiased 

· tests. They expanded Fisher's maximum likelihood method into the 
test criterion called the Neyman-Pearson lemma, which they used to 
develop tests of simr,le statistical hypotheses. They gave considerable 
attention to the likelihood ratio ... they pointed out the great 
complexity of the problems in deriving suitable test criteria for 
complex hypotheses as contrasted with simple hypotheses." (Clark, 
1963, p. 459) 

There were problems with Fisher's Fiducial argument, the most 

controversial part of his theory. Fisher was strongly anti-subjectivist in his 

ideas about probability and inference. This meant that while he allowed that 

statistical analysis must lead to some epistemic outcome, he nevertheless 
believed that subjective elements must be left out of the analysis. Thus, 

objective probabilities had to 'be transformed into epistemic outcomes 

without needing to utilise a priori knowledge. This is the purpose of his 

Fiducial argument, but, "No one (except possibly R.A. Fisher himself) [is] 

altogether clear as to what a fiducial argument is." (Kyburg, 1974, p. 348). 

The fiducial probability of an hypothesis, given some data, is the degree 

of trust you can place in the hypothesis if you possess only that given data -
at least, that is what Hacking (1965) thinks it is: "No branch of statistical 
writing is more mystifying than that which bears on what [Fisher] calls the 

fiducial probabilities reached by the fiducial argument." (Hacking, 1965, p. 
133). Fiducial probability is superficially similar to Neyman and Pearson's 

method of confidence intervals, and is stated (to use an example from 
Kyburg, 1974) something like: 'the probability is x that the computed interval 

will cover the true value of the parameter before the sample is drawn'. In 

other words, it was stated in an interval form, giving the probability of the 

value being in some interval. 

With the Neyman-Pearson test however, the theory behind confidence 

intervals was a lot more clear-cut and did not have the same controversial 

character as Fisher's Fiducial argument. Furthermore, the fiducial probability 

or interval was numerically similar to confidence intervals (Oakes, 1986) and 

there were some situations in which fiducial limits and confidence limits 

were the same. According to Fisher, this was when confidence-limit theory 
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accidentally yielded correct results; while Neyman argued these coincidences 

were rare instances where fiducial inference gave a reasonably clear and 

intelligible interpretation (Kyburg, 1974). Therefore, superficially, it would 

appear it made little difference in adapting the new method of Neyman and 

Pearson to that of Fisher; as well, Neyman and Pearson's formulation made 

more sense than Fisher's methods. 

So there are some reasons to suggest why the Neyman-Pearson test 

reached orthodoxy in the social sciences in relation to hypothesis-testing. 

The Neyman-Pearson method was a (superficially?) better method than 

Fisher's, and, of course, had been developed to overcome and supersede the 

problems of the test of significance devised by Fisher. 

Why did a hybrid version of the two tests became the standard version 

of statistical hypothesis-testing in psychology? The reason for this is, I think, 
contained in the fact that the significance tests of Neyman and Pearson and 

Fisher have a lot of similarities of superficial form in relation to testing, and 
give very similar results. What is different between the two is of major 

importance however; this is the· philosophy underlying them and the way 

the results should be interpreted. 

Fisher was concerned with scientists drawing inferences on the basis of 

everything available to them in the way of data and ingenuity, and his 
concern was with the individual instance of inference, or the 'one-off' 

experiment. Neyman and Pearson's theory of testing is based on an 

acceptance-sampling problem, where the concern is to establish general 

procedures which have a predictable error rate in the long run (Kyburg, 

1974). Again, the conflicts between the various approaches to statistical 

inference seem to arise from differences in interpretations of the underlying 

concept of probability; Fisher did not hold to the classical frequentist 

conception which is at the base of the Neyman-Pearson theory. 

We can conclude then, that due to the shortcomings of Fisher's test, 

amongst these being the provision of utilisable answers for only a limited 

range of problems and obscure foundational principles (Kyburg, 1974), 

Neyman and Pearson worked to formulate an alternative method of testing. 

What they came up with had a very similar form in terms of the surface 

characteristics of testing procedure and results, but there were major 

differences in the deep structure of the two theories. 

The philosophy underlying the tests seems to have been ignored by 

psychologists, in that their use of tests of significance took parts of Neyman 
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and Pearson's model and attached them to the Fisherian model, coming up 

with a 'new' form of significance testing. The superficial aspects of the test 

appealed to psychology, and it would appear the impression was gained that · 

Neyman and Pearson had set out to patch up the problems of the Fisherian 

test, when in fact they were reformulating it. If then, it was the case that 

psychology saw the development of Neyman and Pearson's test of 

significance as being an effort to simply fix up some of the weaknesses of the 

earlier technique, then one can understand why the hybrid version of 

significance tests has come to dominate in psychology. 

This argument is admittedly tenuous - it moves into the realm of that 

which MacKenzie (1981) calls the descriptive-intellectualist approach to the 

history of science, that which " ... seeks to reconstruct comprehensively and 

accurately the scientific past." (p. 222). One must be careful in this type of 
descriptive approach to avoid explanation, argues Mackenzie; but it seems in 

our case that one must make some attempt at explanation based on 

conjecture if one is to try and understand how the significance test 

developed to its current position. It must be emphasised that the above 

outline is only a suggestion as to the possible reasons for the situation so 

described. I make no claims for having the facts to back up the argument. 
What is needed is some evidence of how the Neyman-Pearson theory of 

testing was introduced into psychology, and what the reaction of psychology 

was to this method. Then we will be in a better position to formulate an 

explanation. 
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CHAPTER SEVEN 

The Realities of Data-Analysis? 

7.1 Introduction - A Practical Approaclt 

As should now be clear, there are a large number of problems inherent 

in the use of the significance testing procedure for data-analysis, yet still these 

methods continue to dominate in psychology. What needs to be known are 

the reasons why psychologists continue to use these methods in their 

research. To attempt to gain some insight into the dominating trend in 

current psychological data-analysis and to actually see if the assumption of the 

dominance of significance tests is justified, a number of academic 

psychologists were surveyed concerning the data-analytic techniques they 

used. 

This involved sending the teaching staff of psychology departments at 

five universities in New Zealand a questionnaire on their use of data-analytic 

methods. Sixty-six questionnaires were distributed, and fifty of those surveyed 

responded. It must be noted that this was a reasonably informal survey. I 
wanted to get a broad indication of the dominant methods used in 

data-analysis by psychologists, to attempt to gain some idea of why these 

methods were used, and to see if there were any particularly strong trends 

apparent in the responses. As well, the subjects were asked a number of 

questions on such things as area of speciality, an indication of the amount of 

research they had carried out, and age. The hypothesis or belief under test was 

that significance testing methodology dominates in psychological research, 

and the results of the survey supported this hypothesis. The results of the 

survey, along with the questionnaire, are given in the appendicies. 

7.2 Results of Survey and Discussion 

When asked which three data-analytic methods had been used most 

frequently in the last five years (question seven, n=49), 35 respondents (71 %) 

indicated analysis of variance was in this category. Next most popular was 

correlation, with 21 respondents (43%) indicating this was one of their three 

favoured methods, followed by t-tests (43%), factor analysis (22%) and 

regression (20%). The responses to question seven are given in table one. Of 
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course, it must be noted that there was no actual measure of how often these 
methods were used, the question simply asking which ones had been used 

most frequently. So, it could be that some respondents had only used a 
method a few times, while others made heavy regular use of some technique. 

However, frequency of use of a method is not so important here; we are more 

concerned with what types of techniques are most often used for analysis, and 
it seems the standard significance testing techniques dominate. 

This is supported by the responses to question six. When asked which of 
a number of methods subjects had utilised for data-analysis in the last five 
years, 44 respondants (90%) said correlation had been used at some stage in 

their analysis, 88% said ANOVA, 86% had used t-tests and 82% chi-square 

tests (see table two). Replies to both questions six and seven showed that, 

while psychology's standard, traditional methods of data-analysis tended to 

dominate there was considerable use of other methods, some of these being 

techniques which overcome the problems of methods involving tests of 
significance. These alternative techniques included Bayesian methods, 
meta-analysis and time-series analysis, for example. However, it must be 

noted that generally only a small percentage of respondents said they used any 

one of these alternative methods - for example, only 8% of the respondents 

said they had used Bayesian techniques at some stage in the last five years. 

The subjects were also asked to put forward reasons for their preference 

of the various methods they said they used most frequently (question eight). 

The results to this are given in table three; only forty-eight of the fifty 

respondents replied to this question. While subjects would generally give two 
or three reasons here, the most popular reason or explanations given related 
to the appropriateness of the method to the experimental situation, with 48% 
of respondents citing this reason. The use of the method as a result of the type 
of data being tested was also reasonably common; 27% of the respondents gave 
this response. Ease of application was another factor relating to a technique's 
use; 16.67% of subjects put forward this response. Various 'technical' 

responses were also popular - for example, a method's usefulness in testing 

factorial designs, error and power considerations, robustness and so on, as 
shown in table three. Social or historical reasons such as education, 

publication practices or tradition were also cited, but rated low. 
One point that must be made about these responses is that they are all 

subjective and at times difficult to interpret. For example, can a response that 
a test is used because it has limited assumptions be interpreted as meaning it 
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is easy to apply? A lot of responses had this sort of implied dimension to 
them, but it is left to the reader to draw their interpretations from the various 
responses listed in table three. What does seem evident is that ease of 

application and appropriateness are the two main determinants subjects see as 

guiding their use of a particular technique. 

Care needs to be taken in drawing conclusions from the data of table 

three The results could suggest that academic psychologists do find the tests 

they use appropriate to the situation or easy to use; but at the same time the 
response given may be because not much thought is given to why a particular 
method is used, and subjects presume for whatever reason, be it lack of 
knowledge of other techniques, or belief that their particular favoured 

method is most powerful, that the method they use is most appropriate to the 

situation. More indepth information would be of use here, and we shall 

return to this issue shortly. 

Question nine asked if subjects had changed the main data-analytic 

techniques they used in the last five years and sought reasons for any changes. 

Fifteen subjects said they had ch'anged their methods, the majority of these 

fifteen said this was due to a change in their research interests or the type of 
data they were analysing (see table four). Two respondents gave replies on this 
question which suggested they were unhappy with 'traditional' methods used 
in psychological data analysis. The methods these two respondants cited as the 
ones they used most frequently were time-series analysis, Bayesian analysis, 
signal-detection methods and computer-intensive methods. As the results 

show, these two respondents were a very small minority. 

The purpose of question nine was to see if the anti-significance testing 

orientation which is characteristic of journal articles and literature concerned 

with the nature of psychology's methodology, and the advent of new methods 
that seek to overcome the problems of the standard ways, has had any 
influence on psychologists. In other words, working on the basis that 
significance testing dominates in research, have any of the criticisms of this 
method been effective in making psychologists more aware of the limitations 
of the method? Of course, from the beginning of this questionnaire, the 
assumption that significance tests are dominant in psychology was made, an 

assumption which some might challenge. However, prior justification for 
this assumption is readily available in psychological journals and other 

literature such as methods texts. 

While question nine asked the subjects to state which methods they had 
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changed from and to, many of the sixteen who replied to this question did not 

respond as hoped, only stating what they were now using. Table four gives 

this information; where subjects did not give 'methods changed from' I have 

listed their 'most popular methods' if they differ from the 'changed to' 

techniques; otherwise I have stated 'Not Specified' in the 'Changed From' 

column (i.e. if 'most popular' and 'changed to' are the same). 

Table four suggests some changes involve a rejection of or 

dissatisfaction with the traditional (i.e. significance test based) methods, but it 

is still the case that most of the changes have been from, and to, 'standard' 

data-analytic techniques of psychology. When one considers that only sixteen 

respondents admitted to changing their methods, and the reasons they gave 

for this, it seems the significance testing debate has had little effect on 

psychologists in the recent past; and in fact the dominance of such methods as 

ANOV A suggest it has had little effect at all - at least, in this country. 

Of course, we can not know for certain from these results (tables three 

and four) how subjects actually use these tests. For example, do they compute 

power functions and confidence intervals, are the tests used simply as 

exploratory methods before carrying out other types of tests, and so on. But, 

the fact that only a few subjects mentioned these sorts of considerations in 

their explanations of why they use the tests suggests this is not a major issue. 
It appears from the results of this survey that if people use tests because of a 
certain quality - i.e. their robustness, flexibility, philosophical preferences, or 

whatever - they will state this.' When subjects give 'ease of application' or 

'appropriateness' as a response it would appear that this is the reason they see 

as justifying their use of the test. 

We can perhaps look at the reasons subjects give for the methods they 

use in relation to some other factors. When comparing the most popular 

method used within the last five years with the reason for use (table five) it 

becomes clear that the combination of ANOVA and 'most appropriate' 

method was most common. Of the forty-eight respondents who replied on 

these two questions, 50% gave the ANOVA/most appropriate response, while 

68.57% of those who used ANOVA said this was because it was the most 

appropriate method. We can consider the other methods, too, in terms of 

percentages of the total number of respondents and percentages using a 

particular method who gave a particular response. While only 18.75% of the 

sample used multiple regression because of its appropriateness, 90% of those 

using multiple regression did so because it was the most appropriate method. 
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Similarly, only 27.08% of the sample were in the correlation/ appropriateness 
category, but 61.9% of those using correlation did so because it was most 

appropriate. It becomes rather evident that the main reasons given by most 

respondents for using their particular methods are appropriateness followed 

by ease of application. This holds for all methods. The only other factors that 

influence use of a particular method and which occur more than once are 

publication and education demands, but for these the occurrence is low. Apart 

from the appropriateness category and the ease-of-application category there 
are no dominant trends apparent in the results; it seems there are as many 

explanations given for the use of a method as there are different methods 
available. Reiterating a point made above, it is possible to collapse a number 
of the 'reasons given' into one another - for example, a number of the reasons 
listed may be reducible to 'appropriateness' or simplicity. It may be possible in 
fact to reduce all reasons to four categories: 

(i) Appropriateness to the research carried out 
(ii) Ease of application 

(iii) Social factors 
(iv) Technical nature of method 

However, even here the boundries are fuzzy, with overlap between 
categories. Also, to reduce the responses to four categories may result in a 
form of over-interpretation, or unwarranted conclusions as to the meaning of 
subject's responses. It suffices to say that these four factors seem to be the main 

determinants of the use of a method by psychologists, and that this pattern is 
common across all psychologists, with appropriateness being the major 
determinant of whether or not a method is used. 

We are now at a position to draw some tentative conclusions. It is 
obvious that there are a number of methods of data analysis which dominate 

in psychological research amongst the New Zealand academic psychologists 

that were surveyed. These are the 'traditional' methods of psychology -

ANOVA, correlation, multiple regression, factor analysis, t-tests and 

chi-square, or other methods which utilise significance testing procedures. 
While there is some use of methods · which avoid the problems associated 

with significance testing, this is negligible within our sample. 
While it is possible that the use of the dominant methods may involve 

such things as calculation of power and confidence intervals for use as an 

index of effect size rather than significance levels, this seems unlikely on the 

basis of the responses for this survey. As outlined earlier, one would assume 
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that if subjects use tests because of power considerations, or because they can 

compute confidence intervals, or generally, because they allow data to be 

analysed in a certain fashion, the test-user would say so when questioned on 

why he or she uses a certain test. However, only a small percentage of subjects 

gave this type of response, which implies that the tests are used in the 

standard ways to test for significant differences in samples. We do not know 

how the results of data-analysis are then interpreted by the researcher. This, 

however, is of less concern than the type of methods used. An important 
point to remember here is that even if power and confidence intervals are 
computed and conclusions are based on these statistics, the problems 

involved in using ANOV A, chi-squares, t-test and so on are not overcome. 
It is interesting to note that appropriateness of a method for 

data-analysis is the main factor given by psychologists as the reason for the use 
of their particular methods. This response suggests a poor knowledge of the 
methods respondents are using, especially in the case of methods based on 
significance tests which have many faults and weaknesses in them, and 
hardly seem appropriate for the purposes to which they are put. 

This implies a number of possibilities. Either there is an ignorance of the 

anti-significance testing arguments amongst the subjects of this survey, or a 

lack of knowledge of alternatives, or it could be the subjects are quite content 

to continue using a method which they know is faulty. Alternatively, it may 

be that the subjects realise there are faults with the methods but do not see any 

other as being any better. It is difficult to put forward any specific conclusions 

here as any one of several explanations , or combinations thereof, may 

account for these findings. Suffice it to say that it is a little disturbing if the 

majority of teachers of psychology in this country rate an impoverished 
methodology the most appropriate one to use in data-analysis. 

Perhaps the psychologists who have had their training in more recent 

years will be more likely to use non-significant testing methods. They may 
well have been exposed to the anti-significance testing arguments in their 

formative years of training, before becoming accustomed to the dominant 

significance testing methodology, and thus be less likely to place such a heavy 

emphasis on significance testing. For it is only since the 1960's that the 

anti-significance test argument has gained a sizeable number of exponents, 
before this time there seems to have been a reasonably wide-spread acceptance 

of significance testing. So, it may be that younger psychologists are less likely 
to use significance testing procedures in favour of newer developments or 



100 

alternative methods. Table 6 shows the most popular method used by age; but 

there are no particularly strong trends in any direction here, except that all 

age-groups prefer the use of the standard significance test-based data-analytic 

techniques. 

The results of the survey showed all respondents were (at the very least) 

lecturers in their departments, ranging from junior lecturers (one respondent) 

to professors. The shortest time any respondent had been a member of a 

department was six months. If the respondents were not actually teaching at 

the time, all had taught at some stage, and the majority would appear to have 

had considerable experience at teaching. As the dominant data-analytic 

techniques favoured by respondents of all ages are significance test based 

methods, the pos·sibilities raised above in relation to younger psychologists 

and their possible exposure to significance testing criticisms appear unlikely. It 

appears instead that the significance test debates of the last three decades have 

had little influence on psychologists in this country. On the basis of this 
dominance of significance testing, it would be interesting to see if this 

particular type of technique, and· the dominant explanations for ifs use, is 

emphasised, however implicitly, in the teaching of academic psychologists. It 

may in fact be that the dominance of these factors is reinforced during a 

psychologist's training, especially by the academic psychologists who teach 

them. 

To try to get an indication of the amount of research and publication of 

work of the sampled group, subjects were asked to indicate how much 

research they had carried out. Of the questionnaires sent out, twelve simply 

asked for 'Amount of Research Done' (question five on questionnaire (a)); the 

rest of the questionnaires had a scale for subjects to rate themselves on the 

basis of research done. Eight subjects rated themselves as two or lower on the 

scale (bottom=0; top [continually engaged in research]=4), or said they had 

done little research. The rest of the sample (42 subjects) rated themselves as 

having done a reasonable to large amount of research or indicated they had a 

large number of publications to their name. It is reasonable to assume that the 

research carried out by the respondants, where it involves experimental 

research, uses the methods the respondents indicate as their preferred 

data-analytic techniques, and the majority of these preferred techniques are 

significance testing techniques. It can probably be assumed that a sizeable 

percentage of the subject's research will be for publication in journals, and the 

dominant statistical methodology in these publications will be significance 
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tests. The implications and issues of this are outlined in the chapter on 
publication practices. 

But, the responses to this question on research are probably the most 
problematic of all from which to draw some sort of conclusions. For the 
ratings of the amount of research carried out are highly subjective, and there 

are no means of knowing the type of criterion or criteria subjects have used to 

rate themselves. As well, it is not certain whether 'research' for respondents 

means 'research intended for publication', 'research related to teaching', or 

some other form of research. However, where it is research for publication 

and teaching, the argument can be, and has been, put forward that this will 

serve to perpetuate the dominance of significance tests where this method is 
used. 

Responses of the subjects were also compared on other dimensions. For 

example, I looked at the relationship of the respondent's area of speciality in 

psychology, most frequently used methods and reasons cited by respondents 
for using a method. This was to see if the type of psychological phenomena 

studied by psychologists was likely to have any influence on the way they 

carried out research into their subject matter. Unfortunately, there was not 

enough data available to allow conclusions to be drawn. The number of 

respondents in different speciality areas varied from eleven cognitive 

psychologists (22% of sample) and eleven social psychologists through to two 
specialising in rehabilitation and one each involved in industrial, 

organisational and developmental psychology. The respondents gave a wide 
variety of responses for methods they used and reasons for their use. Overall 

the dominant response was that the methods used most frequently were those 

involving significance testing, and the dominant reasons given for the use of 

the method in the varying specialist areas was that of appropriateness to the 
situation. Across all the eight specialist categories in which the respondents 
could be placed the most frequently used method was ANOV A; this was cited 
as being used 27% of the time. Correlation was the next most frequently used 
method, being used 19% of the time, and third was the t-test, used 15% of the 
time. These three methods, along with chi-square, factor analysis and 
multiple regression, made up 83% of the most popular methods used by 
respondents across all the speciality areas. In each area except one (Social 
Psychology), ANOVA was cited as one of the dominant methods used by over 

80% of respondents, a consistently higher response than for any other 

method. It seems that the standard data-analytic techniques of psychology 
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dominate in research irrespective of the subject under study. 

7.3 Conclusions 

Thus, there are a number of conclusions one can tentatively draw from 

the data of the questionnaire, but obviously, due to the subjective nature of 

the responses, it is difficult to compare the answers of the subjects and to draw 

any firm conclusions. It should be remembered also that this survey makes no 

claims to being particularly formal - it is an exploratory, descriptive attempt at 

gaining some form of overview of the nature of data-analysis methods used 

by psychologists. What the survey does overwhelmingly suggest is an 

acceptance of and reliance on 'traditional' data-analytic techniques of 

psychology by academic psychologists, techniques not suitable for the uses to 

which they are put. Furthermore, there seems to be a rather limited 

understanding on behalf of academic psychologists of the methods they use; 

this assertion is based on the type of reasons they put forward for their use of a 

particular method. That the subjects of this survey are the teachers of 

psychology in this country has some rather unfortunate implications. For 

example, when these methods are passed on to psychology students they are 

passed on in a form that lacks a concern with many of the issues involved in 

significance testing. It means that there is not likely to be any criticism or 

challenge to significance testing methods from within the psychological 

establishment because these methods are seen as useful for research. 

Of concern also is the fact that only three of the fifty subjects were clearly 

not interested in using significance tests. Of these, one subject used time-series 

and Bayesian methods, as well as various computer-intensive methods, most 
frequently. This subject felt that the reliance on traditional methods (or more 

precisely, ANOVA) had led psychology astray, and Bayesian techniques were 
best suited to data analysis. The second of these respondents was in favour of 

time-series and signal-detection methods, and pointed out faults she or he 

saw in the traditional significance testing methods, such as failure to deal with 

prior probabilities, or failure to deal with error inherent in behavioural data. 

The third respondent, while not explicitly criticising significance tests is 

involved in "exploration of theoretical possibilities based on synthesis 

between existing theories"; this is the only type of analytic technique the 

respondent had been working on or working with in the last five years. 

There are other scattered instances of respondents using alternative 
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methods to the significance testing techniques that dominate, but these 
constitute only a small percentage of the methods used in research. The 
prospects of any changes in the research methods of psychology in New 
Zealand do not look particularly promising as it appears that statistical 
significance testing will continue to be the preferred method for analysis of 

experimental results. 
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CHAPTER EIGHT 

The Dominance of Significance Tests: 
A Search For Some Causes and 

Some Implications 

The Cult of the New: The Significance Test. 

Yates (1951), in his discussion of the influence of Fisher's statistical 

work, stated "there is no field of statistics in which the influence of Fisherian 

ideas is not profoundly felt." (p. 19) Yates presented evidence to back up his 
claims of Fisher's popularity: "Statistical Methods For Research Workers" sold 
nearly 20,000 copies in its first twenty-five years of publication, eleven editions 
being printed up to 1950. The importance of this particular book can be gauged 
from the following remarks : "In the matter of experimental design ... the most 
novel contribution of 'Statistical 'Methods' ... the new methods [outlined by 

Fisher] are rapidly spreading through branches of scientific and technical 

research in which the variability of the experimental material necessitates 

refined techniques." (Yates, 1951, p. 32). 

The popularity of Fisher's work is attributable to the obvious fact that 

Fisher had developed new, refined techniques that seemed perfect for data 
analysis. Before Fisher's contributions there existed no strong alternative 
statistical hypothesis testing techniques to Bayesian techniques (MacKenzie, 
1981). Bayesianism had come under attack in nineteeth century Britain, where 

positivism was dominating science, because the foundations of the Bayesian 
approach were seen as insufficently empiricist. For example, "Venn ... held that 
'experience is our sole guide' to probability [and] argued that the proper objects 
for analysis by the theory of probability are series of observed events, not 
gradations of belief" (MacKenzie 1981, pp. 202-203). 

However, while Bayes' methods came under attack, the 'opponents' 
could not come up with better alternatives, this being the case even up to the 
time of Karl Pearson (MacKenzie, 1981). This latter figure in fact wanted to 
retain Bayesianism, as long as he could keep subjective or non-empirical 
elements out of his science. This was because of a lack of availability of better 
methods than Bayesian, and of course, (as regards the anti-subjectivism) the 
positivist orientation of Pearson's thought (for example, see Pearson, 1911; see 
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also Lenin, 1960). MacKenzie (1981) pointed out that when alternatives to 

Bayesian statistical methods did arise, such as W.F. Sheppard's method of 
deriving probable errors, formulated at the end of the nineteenth century, 
Pearson was quick to adopt them at the expense of his own approach. However, 
Pearson never completely abandoned Bayesianism: " .. .it would appear that ... he 

could see no general replacement for Bayesianism" (p. 204). So, Fisher began 

his work on statistics in a context where the dominant theory of statistical 
inference, used for analysis of experimental results to gain support for one's 
theories, did not really fit with the positivist philosophy adhered to by Fisher. 

He did not believe that Bayes' theorem was a suitable method to use in 

analysing data: "The main direction of Fisher's theoretical work on inferential 

statistics was to provide a set of alternatives to the Bayesian theory of inductive 

inference that was almost universally accepted on the continent and was still 

entrenched in England when Fisher was a young man" (Spielman 1974, p. 221). 

This is clear through Fisher's writings in Statistical Methods For Research 
Workers (1934) and especially Statistical Methods and Scientific Inference (1973) 

where he claimed that inverse probability theory is founded upon an error, 

and so must be rejected. 

Thus, it can be seen how Fisher's work would have played an important 

role in leading to the down-grading of Bayesianism. The methods he 

developed were exceedingly popular; they did not rely on any subjective 

probabilities or non-empiricist techniques, so fitting the popular conception of 
how science should proceed. And, Fisher, who was obviously not lacking in 
knowledge of statistical theory, clearly stated that Bayes' techniques were 
incorrect. 

To recap: Fisher's positivist orientation influenced his development of a 
form of statistical inference which fitted with the general positivist orientation 
of science. Furthermore, his methods served to reinforce science's positivist 
orientation. He needed alternative methods for his research because he was not 
happy with Bayesian techniques, and nothing else was suitable; thus came the 
motivation for Fisher's statistical formulations. Importantly, once these 

methods became established in biology; the naturalistic orientation underlying 
the sciences of the time, which regarded science as unified in its concordance 
with positivist principles (Bhasker, 1979), allowed the other sciences, including 
psychology, to adopt Fisher's techniques. And, as Yates (1951) points out, the 

other sciences did (eventually) utilise the developments made by Fisher. 
But it seems Fisher's methods, especially tests of significance, were 
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regarded as more powerful than they really were, or of more importance in 

research than they should have been, because of his heavy emphasis on the 

value of these methods in Statistical Methods ... 
A heavy emphasis on investigations of tests of significance applicable to 

problems with, at best, limited practical importance developed as a consequence 

of the influence of Statistical Methods ... , as did a concentration on results of 

tests of significance at the expense of estimating the magnitude of effects 

researchers were investigating (Yates, 1951). At the time of the publication of 

Statistical Methods ... researchers were in need of reliable, easy-to-use statistical 
hypothesis tests; Fisher's text, while filling this need by presenting the 

then-available methods, did so too well; as a result, scientific researchers came 

to see the execution of a significance test on experimental results as the 

ultimate objective of research (Yates, 1951). 

A consideration of Statistical Methods For Research Workers (1934) in 

fact points to other areas that could lead to a misunderstanding or problematic 

utilisation of significance tests. Fisher gave no outline of the limitations of the 

methods developed. He demonstrated how to use them - through examples -

showing how they can be applied to numerous different situations (implying 

they are easily extended to many different fields of research); but there was little 

clear emphasis on restrictions of their use, or what conclusions one can 

legitimately make on the basis of the results of a test of significance. 

Admittedly the occasional statement along these lines arose: 

"It should be noted that the methods employed ... are not designed to 
measure the degree of association between one classification and 
another, but solely to test whether the observed departures from 
independence are or are not of a magnitude ascribable to chance ... to 
measure the degree of association it is necessary to have some 
hypothesis as to the nature of the departure from independence to be 
measured." (p. 93) 

But the way Fisher demonstrated how to use these methods was 
through examples (no proofs were given) and his outline of the methods 

seems to suggest it is possible to draw substantive significance from statistical 

significance. This point is clearly illustrated by Neyman (1957), and a brief 

reading of Fisher (1934) more than backs up Neyman's (1957) claims. Fisher's 

confounding of statistical and substantive significance occurred continually in 

his examples, contradicting any formal statements such as that quoted above 

cautioning one in the drawing of conclusions. 
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Part of the reason for this confusion of statistical significance with 

substantive significance, and his tendency to conclude much more from his 

examples of tests of significance than is logically valid, is due to the nature of 

the problems for which Fisher developed his statistical methods. In the case of 

argiculture, or specifically, agricultural field trials, which was the area of 

Fisher's research " ... the logical difference, the difference in meaning or 

content, so to say, between the alternative hypothesis and substantive theory T 

is so small that only a logician would be concerned to distingush them ... the 

content of the substantive theory is logically quasi-identical with the 

alternative hypothesis" (Meehl, 1978, p. 824). Due to the nature of the object of 

study and the way Fisher's research had been carried out it was possible to 

identify the substantive hypothesis with the alternative (statistical) hypothesis. 

This was because the 'subjects' were reasonably non-reactive to external stimuli 

and confounding variables were eliminated. This meant, basically, that a high 

degree of experimental control could be obtained in these cases and so any 

change in experimental and control groups was almost certainly a result of the 

experimental manipulation. 
However, Fisher took this substantive significance/ statistical 

significance relationship too far at times, such as in his examples in Statistical 
Methods ... Unfortunately, when significance tests were adopted by 
psychologists this attitude of Fisher's towards statistical and substantive 

significance, justifiable to some extent in agriculture and the physical sciences, 

was accepted. 
The development of the experimental laboratory seems to have played a 

part here. As outlined by Orne (1962), the behavioural sciences have adopted 

the physical sciences method of laboratory experiment. This involves 

abstracting relevant variables from complex situations in nature and 
reproducing in the laboratory parts of these situations, with variations of the 
parameters involved, in an attempt to determine the effect of the experimental 

variables. This method worked well for the physical sciences, where it is 

possible to meet important conditions such as generalizability from the 

laboratory back to the general population due to the subject matter being 

basically inanimate objects or forces. But, in most cases the behavioural sciences 

deal with animate, concious, thinking subjects, so the methods of the physical 

science laboratory experiment may need modification if they are to be 

applicable to behavioural science investigations. The problem though, is that: 
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"The experimental model has been so successful as employed in physics 
that there has been a tendency in the behavioural sciences to follow 
precisely a paradigm originated for the study of inanimate objects, i.e. 
one which proceeds by exposing the subject to various condit10ns and 
observing the differences in reaction of the subject under different 
conditions. However, the use of such a model with animal or human 
subjects leads to the :problem that the subject of the experiment is 
assumed, at least imphcitlr,, to be a passive responder to stimuli - an 
assumption difficult to justify." (Orne, 1962, p. 776). 

Thus, if it is assumed that the subject in the behavioural science 

laboratory experiment is similar to that in the laboratory experiment of the 

physical sciences - or at least is controlled as well in the former as in the latter -

and one is able to make the same assumptions about the two types of subjects 
and contexts, it is· understandable that the data-analytic techniques used to 

process the experimental results will be seen as similar across the two contexts. 

Something like Fisher's Statistical Methods For Research Workers, aimed at 

laboratory workers in the natural sciences (especially biology) would be 

applicable to the behavioural sciences also; if the actual experimental methods 

of the physical sciences are applicable to psychology,then why not the 

data-analytic techniques also? 

Statistical significance testing in psychology did not become a widespread 
practice, in America at least, until the late 1930's at the earliest. A survey of 

issues of five journals from mid 1920 to 1946 (the Journal of General 

Psychology, Psychological Bulletin, the American Journal of Psychology, 

Psychological Review, and the Journal of Psychology) ranked amongst the 

leading psychological publications of the time (Bruner and Allport, 1940), 

showed there was little use of tests of significance in psychology before the 

1940s. Most empirical research before this time used means and standard 

deviations, or reported percentages and carried out simple correlations of data. 

There was little theoretical discussion of statistical methods in these journals 

either. 
The study by Bruner and Allport (1940) also consisted of a content 

analysis of articles in fourteen psychological journals over the period 1888-1938, 

and gives some empirical evidence in respect of the use of statistics in 

psychology. They presented the following data, looking only at journals from 

every tenth year (i.e., 1888-1898; 1908; 1918; 1928; 1938. The first two are 

combined due to a limited number of publications for those years.) 
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Percentage of Psychological journal articles 

using statistics, 1888-1938 

Year 

1888-1898 1908 1918 1928 1938 

Use of 2.3 5.5 27.4 45.5 43.6 
statistics 

Discussion of 
Statistical 1.2 0.0 3.2 11.6 7.2 
methods 

As Bruner and Allport (1940) said: "Quantitatively, the most striking 

change in fifty years is the great increase in the use of statistical aids in 

psychological research .. .In part t~is rise reflects the growing proficiency of 

psychologists in the use of techniques of critical investigation and in part, no 

doubt, it reflects the preoccupation with quantitative standards of excellence 

characteristic of most American cultural activities - even science." (pp. 766-767). 

This study in itself does not give direct evidence that statistical 

significance tests were not in widespread use before the late 1930's, as there is 

no categorization of individual or distinct statistical methods. But it indirectly 

supports this view in that there was a growing use of statistics and a growing 

discussion of statistical methodology leading up to the 1940s. Given the 

popularity of Fishers' ideas (Yates, 1951) it seems likely that once they were 

discovered by psychologists and their value was seen (and augmented by the 

later developments of Neyman and Pearson becoming available to 

psychologists), a growing use and acceptance of statistical techniques facilitated 

their adoption in psychology. 

Textbooks did not begin to deal with Fisherian techniques until the late 

1930s, " ... first obliquely via Snedecor ... and then somewhat more directly 

through Lindquist's 1940 book [Statistical Analysis In Educational Research]. 

After World War II several textbooks ... began to give considerable attention to 
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principles of designing factorial experiments and analyzing data resulting from 

them." (Stanley, 1966, p. 224). So, psychologists would have had access to these 

methods in the late 1930s, but it seems this did not have an immediate impact 

on their use in research. 

The time taken by psychology to begin using these methods seems due 

to a lack of knowledge of the statistical methods that were developing outside 

the discipline; although psychology textbooks of the time did outline the 

statistical work of the likes of Fisher and Neyman and Pearson. An idea of the 

state of affairs as regards data analysis can be gained from the following 

comment by McNemar (1940): "The applicability in psychology of certain of 

Professor R.A. Fisher's designs should be examined. Eventually, the analysis of 

variance will come into use in psychological research; an expository paper 

thereon would not be without value." (p. 363) 

There is something rather _ironic in a discipline such as psychology 

which strived so hard to be scientific taking such a long period of time to pick 

up on major statistical and scientific methods like Fisher1s work. It could well 

be due to an insular attitude of psychologists busily trying to define, refine and 

legitimise their science; or perhaps because of an early concern in psychology 

with phenomenological elements, or the study of qualitative data that may 

have been difficult to quantify. 

This last point about the more phenomenological concerns of early 

psychology may have some relevance because by the 1930s and 1940s, when 

statistics were finally becoming popular, an empirical, positivist attitude was 

dominating (western) psychology. The concern of much experimental work 

was with more quantifiable aspects of behaviour than had perhaps been the 

case earlier. As well, psychology was strongly laboratory-based at this time. This 

emphasis on the laboratory is obvious in many of the discussions in the 

journals of the time; for example, in Bills1 (1938) presidential address to the 

Midwestern Psychological Association, and in the articles by Skaggs (1934), 

Fernberger (1938) and Bruner and Allport (1940). Not everyone was particularly 

comfortable with psychology's status as a laboratory science. For example, 
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Skaggs (1934) argued that by turning to the laboratory in an effort to gain the 

experimental control available to the physical sciences, "Psychology, as a rigid 

scientific study gained much. It became able to isolate its variables and to 

control the conditioning factors ... On the other hand, psychology as a scientific 

study, lost contact with vital problems of life." (pp. 573-574). But, the laboratory 

was still the dominant experimental setting (Smith, 1981). 

Another important point is that psychologists were more concerned 

during this period with aspects of biologically related psychology than in the 

past (Fernberger, 1938; Bruner and Allport, 1940; Smith, 1981). There had been a 

definite growth of interest in the area of biological psychology, and this, 

coupled with the increased role of the laboratory in psychology, seems to 

suggest why significance tests were finally adopted by psychology; basically, a 

sizeable number of researchers were engaging in scientific research in a fashion 

similar to that of biology (and the ~ther natural sciences) and this facilitated the 

adoption of new statistical techniques such as significance testing, already 

common and popular in biology. The climate was right for the introduction of 

Fisherian techniques, too, as McNemar (1940) showed. 

On top of this, at the time there was a large theoretical orientation in 

psychology towards utilizing the methods of the physical or natural sciences 

(Smith 1981). One clear example of this is given in an article by McGregor 

(1935), who outlined the need for psychology to develop theories of 

measurement similar to those used in the physical sciences. McGregor stated: 

"Recent concern about the validity of scientific measurement has 
aroused but slight interest among psychologists, possibly because they 
think that a great gulf exists between physical and psychological 
methodologies. It is the purpose of this paper to demonstrate that such 
a gulf does not exist and to present an interpretation of the systematic 
importance of modern theories of measurement for psychology." (p. 
246) 

Later, in concluding, he stated: "This interpretation of measurement has 

produced no valid distinction between psychological and physical magnitudes. 

It makes psychology and physics indistingushable ... we find that psychological 

measurement and physical measurement are one and the same thing." (p. 265). 

These comments were given added support by a footnote from Boring (1935), 
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who felt an important argument had been forwarded, and was hopeful that it 

would prevail in psychology. While McGregor's article related more to taking 

measurements of mental processes and not so much to concerns about 

statistical analysis, the implications are clear. Because psychological 

measurement is physical measurement, the results of this measurement are 

analysable in the same manner as the physical sciences; this also justifies the 

collection of psychological measurements in the same way as physical 

measurements, i.e. through the laboratory experiment. 

8.2 More on Fisher and Statistics: the t-test 

One of the more popular hypothesis-testing methods used in psychology 

must be the t-test as developed by W.S. Gosset and more clearly explicated by 

Fisher in his (1934). It would appear that Fisher is responsible to some degree 

, for the relative status of this method in psychology. In Statistical Methods ... , 
Fisher made grand claims as to the applicability of the test and to the nature of 

the results this test gives. He said: · 

"The test .. .is decisive if the value of t is significant, in showing that the 
sample could not have been drawn from the same J?Opulation; but it 
might conceivably be claimed that the difference inaicated lay in the 
variances and not in the means. The theoretical probability, that a 
significant value of t should be produced by a difference between the 
variances only, seems to be unimportant in the application of the 
method to experimental data .. _.lt has been repeatedly stated, perhaps 
through a misreading [of the above idea] tnat our method involves 
the 'assumption' that the two variances are equal. This is an incorrect 
form of statement; the equality of the variances is a necessary part of 
the hypothesis to be tested ... The validity of the t-test, as a test of this 
hypotliesis, is therefore absolute, and requires no assumption 
wnatever" (Fisher, 1934, pp.121-122). 

What beter way of ensuring the t-test, as a test of significance, became the 

standard method of testing for differences between samples! As Neyman (1942) 

replied: "There is little doubt that [the above] passage must be frequently 

interpreted as a strong recommendation to use the t-test in order to discover 

differentiation between the two populations sampled, and to use it always ... " (p. 
316). Given the popularity of Fisher's texts, and his general influence on the 

development of statistical methods, it is not at all surprising that his 

recommendations appear to have been translated into wide-spread practice. 

This is not to deny the role of social and historical factors leading to the 
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dominance of statistical significance tests in psychology. These factors created a 

general climate sympathetic towards Fisherian ideas. What I am suggesting is 

that once the ideas of Fisher became acceptable to psychology, he was 

remarkably succesful at promoting his techniques. 

8.3 Setting Significance Levels 

We can argue that Fisher's texts played an important part in the 

dominance of the 0.05 and 0.01 levels of significance as the accepted cut-off 

points for statistical significance. One needs a low enough significance level to 

show that the treatment effect, if it exists, is statistically significant and not just 

due to chance. However, if this significance level is too low, there is a 

possibilitity that an existing effect will not be detected, especially in studies with 

a small sample - the effect may not be powerful enough to be statistically 
significant at this level. But, the level of significance cannot be too large because 

this increases the possibility of obtaining a significant result by chance alone. 

So, one must set a limit which is iarge enough to be able to detect treatment 

effects when they exist, but not too extreme. Fisher chose the 0.05 level to be 

used as the level of significance. Why he chose this particular level seems 

arbitrary (Rozeboom, 1960), based on convenience. Fisher's comments in 

relation to the use of chi-square tables, for example, were: "We do not want to 

know the exact value of p for any observable chi-square, but, in the first place, 

whether or not the observed value is open to suspicion. If p is between .1 and .9 
there is certainly no reason to suspect the hypothesis tested. If it is below .02 it is 

strongly indicated that the hypothesis fails to account for the whole of facts. We 

shall often not be astray if we draw a conventional line at .05 and consider that 

higher values of chi-square indicate a real discrepancy." (1934, p. 82) 

Other similar statements appeared throughout the text advocating the 

use of this five percent level as the limit for significance; and of course Fisher 

followed this criterion in the case of the examples he presented to explicate his 

methods. 
Fisher's decision on the 0.05 level (and to a lesser extent, the 0.01 level), 

has since resulted in these particular figures becoming perhaps the most 
important numbers in statistical signific;:ance tests. His continual emphasis on 

these levels in his texts and "his publication of statistical tables for these values 

(and Neyman and Pearson's subsequent virtual insistence upon them)" has 

meant they are "enshrined .. .in scientific usage." (Oakes, 1986, p. 119) 
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The technical nature of the statistical significance test is also a factor 

determining the choice of significance level; as outlined above it cannot be too 

high or too low. There is another problem however. The probability of making 

type I and type II errors are inversely related. Reducing the probability of 

making a type I error increases the probability of a type II error, while 

decreasing the probability of making a type II error means more chance of an 

error of the first kind. One consequence of this, and a factor that is likely to be 

influential in determining the dominance of the five percent and one percent 

levels, is clear. Because type II errors are of concern under the standard 

statistical significance test, the type I error needs to be set at reasonably high 

levels of probability (i.e. 0.05 or 0.01). Otherwise, one could set them as low as 

one liked (Oakes, 1986). The concepts of the two types of errors are a result of 

the Neyman-Pearson theory of testing, Fisher did not actully include the 

concept of type II errors in his theory of testing. Thus, Fisher was not solely 

responsible for the state of affairs as regards the dominance of certain 

significance levels. 

In fact, while Fisher 

" ... was responsible for the near-universal adoption of the 0.05 and 0.01 
significance levels, his own approach to them was more cavalier. He 
regarded them as arbitrary conventional cut-off points that could be 
waived if circumstances dictated. That is, he regarded the decision 
whether to accept or reject the null hypothesis as residing with the 
investigator ... the choice of the rejection region could be made after the 
data had been analysed, and in making this judgement the 
investigator should be influenced by the associated probability - and 
whatever other considerations seemed appropriate." (Oakes, 1986, pp. 
114-115). 

Oakes' belief that Fisher determined the dominance of these significance 

levels may therefore be a little extreme; the most one can say is that Fisher set 

the precedents for this state of affairs to develop. 

It is more likely that Neyman and Pearson's theory of testing would 

have had a large effect on researchers restricting themselves to the 0.05 or 0.01 

levels and not using say, 0.1 or 0.09, or a very low level where they think this 

may be appropriate. Researchers adhere to the conventional levels as the logic 

of the tests they are using (based on the Neyman-Pearson conceptualisation) 

means one must set the level of significance in advance of the experiment and 

adhere to it. If they have been reinforced to set this level at 0.05 or 0.01 

constantly throughout their hypothesis testing experience they are unlikely to 
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make any sort of radical deviation and set the significance levels at, for 

example, 0.07. It would appear that researchers in psychology are willing to let 

the significance-testing model "decide" for them how they are to do research, 

and thus the type of results they obtain; this may well be a consequence of their 

lack of understanding of tests of significance. 

One of the more common arguments against a slavish adherence to the 

conventional levels of significance in research (see, for example, Oakes, 1986) is 

that the importance of the discovery of a treatment effect varies from one area 

of research to another. Therefore, the setting of levels of significance should be 
determined by the costs implicit in the research; in some situations it should be 

'safe' to test at a reasonably high level, at other times to be more rigorous as 

regards testing. In adopting varying levels of significance, as determined by the 

situation at hand, the researcher should also state the associated probability, so 

the readers can apply their own levels of significance if desired. The power of 

the test should also be stated. As Cohen (1962, 1965) and Oakes (1986) pointed 

out, ignorance of the power of a test can lead to serious, undesirable 

consequences. 

8.4 Power and Significance 

The power of a test of significance is the ability of a test to discriminate 

between the hypothesis tested and its alternative. When the alternative 

hypothesis is simple; that is, when it generates an exact probability for the 
fundamental probability set (Seidenfeld, 1979), the power of a test is 1 minus 

the probability of a type II error. 

In using tests of significance, too much emphasis is placed on 

significance levels, or size of a test, and not enough on power (Cohen, 1965). 

This may have arisen through situations like the following (to quote Neyman, 
1942): 

"As it is more or less equivalent to consider that we are testing a 
hypothesis ... or its negation ... while the relative importance of the 
errors committed is determined by the very nature of the practical 
problem, some sort of permanent agreement as to what actually 
should be considered as the hypothesis tested appeared to be useful. 
A more or less general convention was adopted to consider as the 
hypothesis tested the one by which errors of the first kind are of 
greater importance than those of the second." (p. 304) 
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This argument for more weight on errors of the first kind (and 

therefore, less attention given to a test's power) was based on testing 

hypotheses like those in medical science. These are situations where incorrect 

rejection of the null hypothesis can lead to major problems - situations where 

one must ensure that the hypothesis under test is accepted correctly with as 

little probability of error as is possible. In these sorts of situations, type II errors 

are not so important; committing one of these is really just akin to being 'extra 

safe'. For example, Neyman, in respect of the above quotation, was considering 

the situation where a drug is being tested to see if it should be administered to 

patients. The hypothesis under test was along the lines of 'the toxicity of the 

drug exceeds the prescribed safety limit'; where it does exceed the limit it can be 

fatal. Here, a type I error - administering the drug when it does in fact exceed 

the prescribed safety limit - would be fatal, but a type II error would result in 

not administering the drug, presumably using another, hopefully safe, batch 

(the 'safeness' could still be a type I error!). Thus, type II errors in this case are 

not really as important as type I errors. 

The sort of thinking that lies at the heart of the development and 

explication of tests of significance by Neyman and Pearson suggests why type I 

errors have become so important in terms of tests of significance and why it is 

necessary to set significance levels at low values. It also helps to explain why 

power is of such little concern to psychologists Cohen, 1962, 1965; Oakes, 1986). 

Other reasons for a heavy emphasis on type I errors and a lack of 

concern with the power of a test are related to the fact that reseachers in 

psychology use a hybrid of the Fisherian and Neyman-Pearson tests of 

significance. The test of significance that is dominant is more Fisherian in its 

structure than Neyman-Pearson (Spielman, 1974). Fisher's test did not have 

power as a consideration, and this characteristic of the Fisherian test seems to 
have been retained even though researchers are concerned with type I and type 

II errors. 
The average researcher breaks the conditions of the Neyman-Pearson 

model in that "There are two ways of stating the hypothesis that is alternative 

to the null. The Fisherian alternative is simply that the null hypothesis is 

false ... This alternative dominates present practice in psychology and partly 

accounts for the neglect of power considerations." (Cohen, 1965, p. 96). 

By 'the null hypothesis is false' it is meant that the researcher will 

conclude that, if the null hypothesis is rejected, there is a difference between 

means (or variances or whatever are being tested). In the case of the 
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Neyman-Pearson test, the alternative hypothesis must be specified exactly. This 

exact form of alternative hypothesis makes power analysis possible (Cohen, 
1965). 

In using a hybrid version of the test of significance, too much emphasis 

is placed on setting the significance level or size of a test at levels such as 0.05 or 

0.01 and not enough attention is given to power. While it is the case that type I 

errors are more important than type II errors in research, concern with solely 

the type I errors and ignorance of type II errors implicitly suggests type II errors 

are of negligible import. Cohen (1965) argued this anti-power trend is 

perpetuated through the statistics text-books used to teach students in the social 

sciences - power is considered briefly, but then ignored. 

It is easy to find evidence for this belief by taking a selection of statistical 

texts for social scientists. Hopkins and Glass (1978) discussed power and type II 

errors, and the need to have a specific alternative hypothesis in the 

Neyman-Pearson tradition " ... not because it is the 'correct one', but because it is 

in widest use" (p280). But, in later examples and explanations of techniques, 

there was little, if any, consideration of power. 

Caulcott's (1973) gave some discussion of type II errors (but with no 

mention of the term 'power') and stated "This section [dealing with type I and 

type II errors] is not essential to the remainder of this chapter. Readers who do 

not wish to pursue further the problem of the alternative hypothesis, or who 

find this section difficult, can safely pass on to [the next] section ... " (p72). 

Needless to say, there was no mention of these issues in the following sections. 

Similarly, in Toothaker (1986) power was considered but then basically ignored 

once the author moved into the area of inferential statistical methods. 

At least in the case of a more recent text (Kenny, 1987) power is 

considered in depth and is emphasised throughout the text, where 

considerations of power for different methods of statistical inference are 

outlined. Similarly, power is given explicit consideration in Winer (1971), who 

also believed that power should be considered when setting significance levels. 

Furthermore, Winer (1971) argued there are conditions where the level of 

significance can be set as high as .30, nai:nely, when the power of the test is low 

and when type I and type II errors are of similar levels of importance. This 

argument was also advanced by Cohen (1965), who justified this approach on 

the basis that it should be up to the researcher to set significance levels 

depending on how important he or she sees their findings. If the audience of 

the article are aware of the significance level, they can place their own 
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interpretation on any outcome. The other point that supports this type of 
approach is that no single psychological experiment, whatever its level of 

significance, is going to fully determine an issue or give evidence to totally 
support or refute a theory. What it will do is give tentative support to some 

issue and provide a basis for replication. From here, any type I errors due to 

using large significance levels will soon be uncovered (Cohen, 1965). Winer 

(1971) gave a similar rationale for using higher significance levels when power 

is high. 

So, some texts do choose to outline the importance of the power of a test, 

along with other aspects of data analysis which are often ignored or 

misunderstood by psychologists, the most obvious being the limits of 
significance testing. These texts are aimed at students still in their formative 

years of training in psychology and, one would think, not yet conditioned to 

the standard views of science in psychology. But, even with these efforts to 
break the hegemony of significance tests the standard ways continue to 

dominate. 
It must be noted that Cohen's concern with power in tests of 

significance, his argument that it should have much greater weight placed 

upon it, can be criticised from a number of levels. Firstly, there is the argument 

that significance tests should be abandoned completely (Nunnally, 1960; 

Rozeboom, 1960; Grant, 1962; Edwards, 1965; Bakan, 1966; Carver, 1978; Oakes, 

1986; Dar, 1987), whereupon power is of no concern. Secondly, there is the 

argument that, if one subscribes to the conceptual framework of the 

Neyman-Pearson test and wants tests of this sort to be reliable - i.e. if one 

believes they should be retained, as Cohen did - then one should reject the 
concepts of size and power on the grounds that they are irrelevant to 
decision-making in relation to tests of simple hypotheses against simple 
alternatives within a discrete sample space (Spielman, 1973). 

Spielman's argument was that, unless the type I error of a test is zero 
(which never occurs in cases of testing), low size, with or without high power, 
does not guarantee high reliability for those outcome types which lead to the 

rejection of the hypothesis tested. He distinguishes between size of a test and 
reliability of a test, noting that the two are not the same; and that the feeling of 

security provided by high power and low size is purely illusory. These two 
aspects of a test should be of concern only when one is solely interested with 

the average or overall performance of a test. Once an experiment is performed 

and a decision of importance has to be made, the average performance of tests 
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are irrelevant to determining any course of action to take, or to appraise the 

value of any decision the test determines (Spielman, 1973). 

As noted above the standard form of significance testing in psychology is 

a hybrid form, but one which is mainly Fisherian. Another of the many 

consequences that follow from using a basically Fisherian test of significance is 

that it leads to an asymmetry in the inductive process (Cohen, 1965). Because 

the Fisherian test does not specify an alternative to the null hypothesis we can 

conclude if we reject the null hypothesis that the effect is non-zero. Failure to 

reject the null hypothesis, however, does not mean affirmation of the null 

hypothesis - we cannot say that the difference in means (for example) in a 

population is zero. With the Neyman-Pearson model of testing, which states 

the exact size of the nonzero effect, we can approach a more symmetrical 

situation: 

"If we have set fl to be relatively small, say, .05, and [the significance 
level] at the same level and if we have defined the size of the effect we 
want to detect (the alternative hypothesis) at a value D, such that if the 
effect is smaller than this we·deem it negligible in some appropriate 
sense, then failure to reject the null nypothesis takes on more 
substantive meaning. If the effect is as large as D, then we had at least 
an a priori .95 probability of rejecting the null hypothesis. Having 
failed to reject Hie null hypothesis, we can, with a .05 risk (a) conclude 
that the size of the effect 1s less than D and therefore negligable ... this 
comes fairly close to affirming the null hypothesis with a controlled 
error rate (JJ) .•. proper attention to power makes possible the attribution 
of positive meaning to negative results." (Cohen, 1965, p.101). 

Theoretically, the Neyman-Pearson test allows the null hypothesis and 

alternative hypothesis equal status, with the data serving to determine which 

hypothesis is more probable. In the words of Neyman (1942) " ... any test of a 

statistical hypothesis consists in a selection of a certain region, [Y], in the n 

dimensional experimental space W, and in basing our decision as to the [null] 
hypothesis ... on whether the experimental point E', determined by the actual 

observation, falls within [Y] or not. If it does, the [null] hypothesis ... will be 

rejected, if it does not, it will be accepted." (p. 303, see also Neyman and 

Pearson, 1933; Neyman, 1952). This sort of outcome allows the situation 
outlined by Cohen (1965) immediately above in relation to the 

Neyman-Pearson test's 'symmetrical advantage' over the Fisherian test. With 

the standard approach that tends to be taken towards the null hypothesis by 

researchers in psychology, the null hypothesis can never be proven 

experimentally; it exists only to be rejected by a sufficiently sensitive 
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experiment. This is demonstrated by statements made by Fisher: "A test of 
significance contains no criterion for 'accepting' a hypothesis. According to 
circumstances, it may or may not influence its acceptability ... tests of significance 
are based on hypothetical probabilities ... they do not generally lead to any 

probability statements about the real world, but to a rational and well-defined 

measure of reluctance to the acceptance of the hypothesis they test." (Fisher, 

1973, pp. 45-47). Therefore, the experimenter is rarely interested in accepting the 

null hypothesis. This is the sort of situation that leads to Cohen's (1965) 

observation of asymmetry of induction in significance tests, and is the sort of 

attitude predominant in publication practices and in the general orientation of 

significance testing - a product of the hybrid theory of testing used in 

psychology. 

8. 5 What Method to Use? 

Alternatives to significance tests usually suggested by those critical of 
this method are confidence interv'als or interval estimation (Nunnally, 1960; 

Rozeboom, 1960; Grant, 1962; Meehl, 1967; Lykken, 1968; Oakes,1986;). In the 
words of Rozeboom (1960) "confidence intervals are the closest we can at 

present come to quantitative assessment of hypothesis probabilities." (p. 426). 
Bayesian methods, meta-analytic techniques and likelihood inference are also 

suggested as alternatives. 
Then there is the argument, advanced by Chow (1988), that problems of 

significance tests can be overcome by reference to effect sizes. This argument 
holds that significance tests can be used for inferring effect sizes. However, 
Oakes (1986) showed one cannot do this, because interval estimations are in fact 
estimations of effect size, which strengthens the argument in favour of the 

alternative of interval estimation. 
The benefits of interval estimation procedures, as Oakes (1986) outlined, 

includes the fact that they have a similar underlying logic to significance tests, 
but do not have the decision-making implications of these tests. Interval 

estimation gives a plausible range for the unknown parameter under test, thus 
providing a basis for a rational decision should one be necessary. The width of 
the interval indicates the adequacy of the sample size, and "by treating all 
possible parameter values impartially the danger of inferring a large effect from 

rejection of the null value is avoided." (Oakes, 1986, p. 67). 

There are those who argue for the retention of statistical significance 
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tests for testing hypotheses; for example, Chow (1988) replied to the 'classical' 

criticisms of significance tests by putting forward refutations of these. In 

relation to the argument that the null hypothesis is never true (see, for 

example, Meehl, 1967), Chow argued that when used in testing, the null 

hypothesis is used as the antecedent of a conditional proposition: "Any 

proposition, regardless of its truth value, can be used as the antecedent of a 

conditional proposition ... consequently, whether the state of affairs described in 

a null hypothesis occurs or not is immaterial to the use of the significance test." 

(Chow,1988, p. 109). However, the issue is not a matter of whether the null 

hypothesis can be used in research if it is not true, but rather the consequences 

of the treatment of the null hypothesis in psychological research (Meehl, 1967, 

1978). Chow provided no reply to the type of argument put forward by Meehl 

(1978) that, because the null hypothesis is always false, "putting it crudely, if 

you have enough cases and your measures are not totally unreliable, the null 

hypothesis will always be falsified, regardless of the truth of the substantive 

theory" (p. 822); and this falsification of the null hypothesis could be in the 

wrong direction. Chow's appeal to logic to justify use of the null hypothesis 

ignored and obscured the methodological arguments against the null 

hypothesis - it is simply not true that the "truth or falsity" of the null 

hypothesis is irrelevant to the use of the significance test. 

Further to the issue, "When we desire to test a particular statistical 

hypothesis H 0 , we imply that it may be wrong. For example, if we try to test 

Student's hypothesis that µ=0, we admit the possibility that it may be wrong 

and that, therefore,µ may have some value other than zero. It will be seen that 

whenever we attempt to test a hypothesis we do admit ... that there are 

hypotheses ... alternative to the one tested. There is no reason why these 

alternative hypotheses should not be considered explicitly when choosing an 

appropriate test." (Neyman, 1952 pp. 54-55) In these situations the null 

hypothesis has to be true; otherwise the rationale for the use of the significance 

test is removed. For these situations, (i.e., the sorts of situations prescribed by 

the test of significance), the state of affairs described in a null hypothesis is 

important. 

Furthermore, with increasing frequency, it is not so much the existence 

of a difference as the presence of a difference in a certain direction between two 

variables that is of theoretical interest (Meehl, 1967), and for which a 

significance test is used. This makes Chow's (1988) discussions about the falsity 

of the null hypothesis (as well as those of the early critics) redundant, because 
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in these sorts of cases the hypothesis being tested is along the lines of: the mean 

of group A is less than the mean of group B, so small differences in the two 

means will not usually render this hypothesis false; here we are assuming 

there is a difference in the means. But this situation still does not 'solve' 

problems of significance tests overall (Meehl, 1967); it deals with the nature of 

the relationship between the hypotheses under test which is only a very small 

part of the issues involved in significance testing. 

Chow (1988) also argued that, in relation to sample size: " .. .it is true that 

a statistical test will be significant if a large enough sample is used. On the other 

hand, any test may be made insignificant if too few subjects are tested." (p. 109). 

This was followed by the statement (following Binder, 1963) that the misuse of 

significance tests is· the reason for this sample size problem, and this misuse is 

an insufficient reason for the abandonment of these methods. 

However, part of the reason for significance tests being significant if the 

sample is large enough, when in fact a theoretically significant effect is not 

present, is related to problems of the falsity of the null hypothesis. This is 

illustrated by Binder (1963): "Accepting that the means, for example, of two 

groups are never perfectly equal, the difference between them is some value E. 

It is obviously an easy matter to choose a sample size large enough, for the E, 

such that we will reject the null hypothesis with a given probability. But the 

difference may be so slight as to have no practical or theoretical consequences 

for the given stage of measurement and theory construction." (p. 111). 

Choosing a sample size large enough to give a significant difference is not a 

misuse of the significance test, especially if one assumes the null hypothesis is 

true (and by null hypothesis I mean a hypothesis of no difference) when in fact 

it is false. This sort of situation would be perpetuated by the comment Chow 

maked earlier in the paper as to the irrelevance of the state of affairs of a null 

hypothesis; for if the null hypothesis is false, the situation outlined by Binder 

(1963) where the null hypothesis is rejected because it is factually incorrect (ie 

there is a difference between means, but not necessarily the one being tested 

for), may arise. 

Chow (1988) believed the problem related to sample size was not a 

statistical one so a statistical solution is not necessary - the reason for the 

problem as outlined above is due to factors related to experimental design. This 

may be the case in Chow's view of 'the problem'. But, the problem as I see it 

has nothing to do with design; it is related to the nature of the statistical test 

used. Perhaps when statistical tests were first developed by Fisher and used in 
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agricultural and biological research the null hypothesis of no difference in 
treatment effects could be shown to be true, or was often true, and so was 

justified. But this is not necessarily the case in behavioural or social science 

research. The problem is the adoption of a method that is inadequate for the 
subject at hand, and is therefore a misuse of this method. Chow's arguments 

are not of much support for a reaffirmation of statistical significance tests. 

These arguments do not stop there, either. The task of statistical analysis 

for Chow (1988) was to supply the investigator with the minor premise of the 
syllogism used when relating the theory's theoretical expectations; the results 
of an experiment used to test the theory and the theoretical conclusions one 
can draw on this basis. All one requires from a statistical analysis in 
theory-corroboration experiments is a binary decision, because it is all that is 
needed for the validity of the syllogistic argument. A statistical significance test 

is adequate to give this binary decision (i.e., accept or reject) argued Chow, and 
is preferable to the magnitude of an effect size estimate as a significance test 
result is less likely to mislead its users. However valid Chow's argument that 

binary decisions are all that are necessary in statistical analysis may be, the 

advocacy of significance tests to facilitate in these binary decisions is open to 

criticism. 

Basically, the arguments against statistical significance testing are strong 

enough to show that this method of statistical analysis should be abandoned by 
psychology and the social sciences (Spielman, 1973; 1974; Carver, 1978; Atkins 
and Jarret, 1979; Haig, 1979; Keat, 1979; Sayer, 1984; Oakes, 1986). These criticisms 
have pointed out faults in the logic of significance tests, problematic issues in 
relation to statistical inference, and faults behind the philosophy of statistical 

significance tests in the social sciences. These are issues to which Chow (1988) 

gave little mention, but they show that the use of significance tests in aiding 

theory-corroboration through supplying a binary decision is not adequate, as 

this decision will in many cases not be valid. 
Chow's paper in support of statistical significance is one of a number in 

the literature, such as Binder (1963), Keuth (1973), Oakes (1975), Serlin and 
Lapsley (1985); as well as attempts by Hacking (1965) and Seidenfeld (1979) to 
reconstruct Fisherian statistical inference in an effort to overcome the problems 
of fiducial probability present in Fisher's work. Even the work of Cohen (1965) 
on power favours the adoption of significance tests provided they are used 

properly. However, these arguments in support of statistical significance testing 

do not seem to have had a great deal of impact. The fact that Chow (1988) has 
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had to publish a paper in support of signifi~ance tests suggests the method of 

significance testing is still on shakey ground, and the criticisms directed 

towards it in the past have not been overcome; its defenders still fight hard to 

protect this bastion of statistical inference. Chow might have pointed out that 

the significance test "is still in use today, despite the fact that its critics were 

more numerous than its defenders" (p. 105), an almost triumphant 

proclamation in the light of the pro-testing orientation of the article; but the 

majority of users of these tests have not modified their use of tests of 

significance following the various recommendations for improvement 

suggested by the pro-significance test school; they still do not understand them 

and they use the tests incorrectly. Ample evidence for this comes from the 

work of those interested in the decision-making and statistical thinking of 

scientists, neatly summarized by Oakes (1986). The implications of all this are 

that the majority of researchers have ignored the defenders (as well as the 

critics) of tests of significance and gone on with their research oblivious to the 

debate that has raged for almost three decades. 

Furthermore, the pro-significance testing school have not adequately 

addressed the criticisms put to them by the numerous critics of significance 

tests. Chow (1988) is the latest to attempt to protect significance tests, and the 

lack of reference to any of the previous attempts to do the same can be taken to 

imply that perhaps those attempts have failed or are not worth reviving. 

Similarly, the numerous critiques of the anti-significance testing arguments 

from the 1960s onwards suggest these arguments have not yet been refuted or 

adequately replied too, and thus are still valid. And, their validity has not been 

challenged by Chow (1988). In light of this, and recent work by the likes of 

Oakes (1986), it is still evident there is little justification for the retention of the 

significance test in psychology. 
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CHAPTER NINE 

Publication Practices and Statistical Significance 

An important, if perhaps difficult to validate, factor influencing the 

continual dominance of the statistical significance test in psychology is the 

publication practices of psychological journals (Sterling, 1959; Bakan, 1966; 

Meehl, 1967, 1978; Lykken, 1968; Greenwald, 1975; Atkinson, Furlong and 
Wampold, 1982; Mahoney, 1985; Dar, 1987). Atkinson, et al (1982) pointed out 

that it is generally accepted that a research manuscript is unlikely to be accepted 

for publication if the data analysis fails to produce the traditionally accepted 

levels of statistical" significance; these being p<0.05 or p<0.01 for at least one 

outcome. 

9.1 Empirical Support 

Early research by Sterling (1959) gave figures that seem to support this 

bias in publication practices. He looked at four psychological journals from 1955 

and 1956; out of the 362 research reports printed in these four journals, 294 used 

tests of significance; 286 of these used a minimum criterion of significance (ie 
p<0.05); and only eight of the reports failed to reject the null hypothesis. None 

of the reports were replications of previously published experiments. 

Two criticisms can be directed at these findings. Firstly, the age of this 

study could mean it has little relevance today; if journals were once biased 

towards significant results they may have modified their stand now in keeping 

with the growing dissatisfaction with the 'standard' approaches of psychology. 

Secondly, it may be that the majority of articles submitted to journals and 

published have statistically significant results because most research is of this 
type; the editors aren't showing any bias towards any one type of report, it is 
just that all the articles submitted were reports of significant research and were 

published. But, this second argument would not stand up to close scrutiny. 

Mahoney (1985) showed not everyone gets published and it seems ludicrous 

that only three percent of psychological studies carried out could have 

statistically non-significant results. As for the first of these potential criticisms, 

unfortunately it seems that there is still a heavy emphasis on the traditional 

statistical significance test in data analysis in journal articles. A look through 

any of the journals publishing applied research reports will show that, 
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although there is a scattering of meta-analytic studies, some use of Bayesian 

techniques and application of other alternative developments, the dominant 

tests of data rely on the statistical significance test - be they t-tests, ANOVA, 

chi-square or some other well-used method. And, although there do not appear 

to be any results comparable to Sterling's (1959) research available in relation to 

recent publication practices, my personal impression, gained from a brief 

survey of random issues of psychological journals, suggests that results would 

be similar if such a study was carried out - an emphasis on original research, 

with statistically significant results (at the 0.05, 0.01 or better, levels) 

dominating. 
That a bias still exists also has empirical support. Atkinson, et al. (1982) 

tested to see if variations in levels of statistical significance alone affected 

manuscript evaluations and recommendations for publication made by the 

consulting editors of journals. As well, they were interested in finding out if 

the design of reports that were statistically non-significant were evaluated as 

less adequate than those that are statistically significant. They found that when 

the design of experiments is essentially the same, but the significance of the 

results is different - i.e., significant, approaching significance, or non-significant 

- the reports with significant results are more likely to be recommended for 

publication than articles which fail to report clear significance. They also found 

that design was seen as less adequate for the non-significant reports by the 

editors. It must be noted that this study only considered consulting editors for 

two journals and the subjects were aware that the study was looking at 

reviewing processes, which would have affected their behaviour to some 

extent. However, it is unlikely to have totally changed their reviewing criteria, 
including their views of acceptance/rejection criteria. If anything, the study 

would have increased the care or attention the reviewers gave to their task. 
Further evidence of a bias in publication practices came from a study by 

van Heerden and Hoogstraten (1978) · who tested to see if mentioning 

significant results led to an increase in the number of people showing interest 

in a research report. The subjects were first year psychology students; two 

groups who were given one of two reports to comment on, these were identical 

except that only one had significant results. The experiment was replicated a 

year later on another sample of first-year psychology students. The results van 

Heerden and Hoogstraten (1978) reported showed a tendency for the subjects to 

be biased towards statistically significant reports when expressing either their 
interest in the report or their desire for its publication. 
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One limitation of the study pointed out by van Heerden and 
Hoogstraten is the limited experience of the subjects of the study in psychology; 

this may have effected the results. But this limited experience of the subjects 

allows another conclusion to be drawn: if one assumes the subjects had little 

contact with psychological publications before the study, it suggests this bias 

towards statistically significant results is present right from the start of people's 

psychological training, being reinforced through exposure to journals and later 

helping to perpetuate this dominant trend. 

In fact it is not surprising that first-year psychology students should 
regard statistically significant results as more worthy of attention than 
non-significant results. The whole jargon of statistical significance tests, the 
term 'statistically significant' itself has a rhetorical credibility, an impressive 

ring about it, which gives the impression that one has found the facts ('If the 
probability of being wrong is that small then obviously it must be true'). 

Rosenthal and Gaito (1963) and a similar study by Nelson, Rosenthal 
and Rosnow (1986) found that psychologists tend to place more confidence on 
results of studies that have small p'..levels and large sample size. The study by 

Rosenthal and Gaito (1963) had nineteen post-graduate subjects in psychology 

rate their degree of belief or confidence in a variety of p-levels; first assuming a 
sample of ten, and then assuming a sample of 100. Rosenthal and Gaito found 
that the smaller the level of significance or p-levels, the higher the degree of 
confidence placed in the results; also, greater confidence was placed on p-levels 
with larger samples. The study by Nelson et al. (1986) showed similar findings. 
Rosenthal and Gaito (1963) suggested that because a large number of subjects 

had greater confidence in levels of significance based on a sample of 100, most 

investigators use not only the probability of Type I errors as a criterion for 
defining degree of belief in p-levels but consider type II errors as well, if only 

intuitively. 
If Type I errors were of concern only, the same degree of belief would be 

attached to the p-level for both sample sizes in the study. For a given p-level 
however, Type II errors decrease with increasing sample size, so the power of 
the test increases. Rosenthal and Gaito (1963) went on to argue one would 
expect a greater belief attached to the larger sample size at every p-level because 
for any p-level all samples of any size have the same probability of a Type I 

error, but the probability of a Type II error is less for the larger samples; 

statistical tests using larger samples have a greater tendency to detect real 

differences if they are present. 
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Bakan (1966) argued that Rosenthal and Gaito (1963) have wrongly 

interpreted these findings. Bakan felt the study shows a lack of understanding 

on the part of psychologists of the meaning of tests of significance. He saw the 

problem as thinking that the probability of rejecting the null hypothesis for any 

given deviation from null and p values increases as a function of the number 

of observations. If the null hypothesis is rejected when the sample is small it 

suggests a more powerful effect in the population, and if the p value is the 

same, the probability of a Type I error does not change. So, argued Bakan, one 

can be more confident with a small sample than a large sample. The errors in 

the use of tests of significance come from a commonly held belief that the p 
value is a 'measure' of degree of confidence (Bakan, 1966). 

However, Oakes (1986) suggested Bakan's (1966) thinking was incorrect, 

as is the explanation Rosenthal and Gaito (1963) gave for the findings. Oakes' 

explanation of the results of Rosenthal and Gaito's study is as follows. In the 

experiment the assumption appears to be that the samples of whatever size (i.e. 

10 or 100) have been drawn (randomly) from a specified population. Practising 

psychologists, he argues, may be' expected to appreciate that this is not a 

common happening in real-life research. Bakan and many others would assert 

that if the samples were not random samples then significance tests are 

inappropriate , as are generalizations to non-sampled populations. This type of 

thinking accounts for Bakan's (1966) argument. But, said Oakes (1986), scientists 

tend to carry out non-statistical generalizations like this frequently and under 

these sorts of conditions it is not unreasonable to have greater confidence (not 

statistical) in large sample findings. 

One aspect of Oake's explanation seems a little strange, namely, his 

statement that psychologists would see the drawing of random samples as not 

common in real-life psychology. Surely psychologists who are taught the 
importance of random sampling for research in their formative years as 

psychology students, and who practice this, if even at a basic level in their own 

research, would assume randomization is a common research procedure. 

Another explanation for the increased confidence in the large sample size may 

be that in psychological training, statistical courses, texts and so on, it is made 

clear that a condition of most significance tests is large sample size; the sample 

must approach normality for the test to be valid. It would seem a logical choice 

to place more confidence in a large sample as this is a condition of the use of 

these tests, taught to psychologists from the time of their admission into the 

discipline. 
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Whatever the explanations for these findings, they do provide some 
evidence for the view that data is more trustworthy if it has a p-level of 0.05 or 

less, and this confidence increases with larger sample size. This could well be a 

result of continual exposure to journal articles that print research for which the 

level of significance is less than 0.05. For this would perpetuate a concentration 

on research aiming to reject the null-hypothesis at the 0.05 level or better. This 

rejection is perceived as, and may in fact be, necessary, for publication in 
journals. A result of this is the reinforcement of current journal practices. 

9.2 Theoretical Implications 

Cohen (1979) presented more evidence in support of the view that 

statistically significant results are given more emphasis than non-significant 

results. In clinical psychology, statistically significant results are regarded as 
necessary, but not sufficient, conditions, for research utilisation involves the 

judgement of the scientific validity of research, and psychotherapists tend to be 

more critical of methodologies of outcome studies that report negative 

findings; they see them as less scientifically valid than statistically significant 
reports. These reports using negative findings are less likely to be used in 

further studies than statistically significant findings. Basically, this view 
suggests that non-significant findings do not have any theoretical import, a 

view supported by the findings of Atkinson, et al. (1982). 
Meehl (1967, 1978) demonstrated the relevance of this down-grading of 

non-significant results for psychology. In psychology, theories have a high 
initial probability of being supported by statistical significance due to the nature 

of theory-testing in psychology (Meehl, 1967). Therefore, failing a test (getting 

statistically non-significant results) is much more significant for the validity of 
a theory than passing it, because passing is so easy. Meehl (1967, 1978) stated that 

psychological researchers, in the typical ·review article, commonly count the 
number of favourable and unfavourable experimental results to see how well a 

theory has stood up to experimental tests. But this does not constitute much 
evidence for or against a theory at all, due to the different values of statistically 
significant and non-significant results. 

Furthermore, if more statistically significant results are published than 

non-significant results due to biases in publication practices, there will be an 

over-representation of the favourable (supporting) results of research. Without 

publication of statistically non-significant results, one has no idea how strong 
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the evidence against a theory is. 

Returning to the study of Atkinson et al. (1982), they stated the 

relationship between publication and statistical significance could be a result of 

official policy. The American Psychological Association (AP A) publication 

policy appears to favour manuscripts reporting statistically significant results. 

Negative results are seen by this body as lacking any theoretical import - it is no 

wonder Cohen's (1979) and Meehl's (1967, 1978) articles show statistically 

non-significant results to be treated so poorly by psychologists. As well, a failure 

to replicate according to the APA publication manual is of questionable value. 

A single failure could just be because of sampling error or some unique feature 

of the sample under test (Atkinson et al. 1982). 

Of course,· there is a logical reply to this, as Atkinson et al. (1982) 

pointed out, how do we know that the original study did not suffer from the 

same problems, and that the failed replication is not, in fact, a more realistic 

result. The significant results may just be a Type I error, especially if the studies 

that do not reach significance are equally as well designed as those that do. 

This point about Type I errors is important. This is because one can 

assume that not all experiments performed are published, and unsuccessful 

replications are frowned upon by the publication policy of the psychological 

community's governing body; experiments for which the probability of the 

outcome of the experiment calculated on the assumption that the null 

hypothesis is true is large may have a high frequency of replicability by 

researchers who do not know that this particular comparison has already been 

carried out and who do not know that in previous tests of significance the null 

hypothesis has failed to be rejected at acceptable levels of significance (Sterling, 

1959). 

Once a study does result in a level of significance that meets this 
criterion, it will be published, providing it is well-designed and so forth, and it 
will not be likely to be replicated. Therefore, the attainment of statistical 

significance could be a Type I error, but this will not be apparent to the 

researcher or readers (Sterling, 1959). In other words, what may actually be 

published in our psychological journals are Type I errors (Bakan, 1966; 

Greenwald, 1975; Atkinson et al., 1982); Bakan (1966) in fact puts forward 

evidence to suggest journals tend to publish Type I errors at the expense of 
'real' results. 

Greenwald (1975) outlined the features that determine the probability 
of a published Type I error: 
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1. The researcher's alpha criterion, i.e. whether or not p=0.05, 0.01 or 

lower. 

2. The probability of accepting the null hypothesis when it is false (Type 
II error). 

3. The a priori probability of the investigator selecting a problem for 

which the null hypothesis is true or false. 

4. The probability of rejections as opposed to non-rejections of the null 

hypothesis being submitted for publication. 

5. The probability of a researcher giving up in despair after obtaining 

rejection as opposed to a non-rejection of the null hypothesis. 

6. The probability of the editor accepting an article that reports a 

rejection as opposed to non-rejection of the null hypothesis. 

As there is a bias towards rejection of the null hypothesis, Type II errors 

are unlikely to be published; the probability of rejections of the null hypothesis 

being submitted and rejected is likely to be higher than that for non-rejections, 

and the researcher is more likely to give up in despair if she or he gets 

continual non-rejections of the nti.11 hypothesis. As well, with the standard 

alpha criterion being 0.05, one in twenty significant results will be Type I errors; 

basically, on the basis of Greenwalds' (1975) model, it seems the odds are in 

favour of type I error publications. Publication of statistically significicant 

results tends to stop further investigations into that area (Bakan, 1966), so the 

publication of type I errors, or significant results more generally, appears 

definitive. Even when the studies are replicated and the results are not 

statistically significant, the replication should be judged inconclusive -

remember that non-significant results are not seen as being as valid or 

theoretically useful as significant results, or are simply ignored. (Bakan, 1966). 

Other consequences of the emphasis on obtaining statistically 

significant results for publication are outlined by Dar (1987) and Greenwald 

(1975). Such results lead to research being designed so the personal predictions 

of the researcher are identified with rejection rather than acceptance of the null 

hypothesis (Greenwald, 1975). Research is continued on a problem when 

results are near significance, but abandoned if rejection of the null hypothesis is 

not close to being acheived; this may involve revising studies and variables if 

one is unable to obtain rejection of the null hypothesis, and continuing this 

revision until rejection or abandonment (Greenwald, 1975). It is easy to see the 

consequences of this, namely, researchers wasting time and money on 

attemping to reach a significant result where one does not exist; otherwise their 
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research will be seen as worthless due to the negative images held by the 
psychological community of non-significant results. There is also the 
possibility of a Type I error occurring as the researcher revises and replicates the 

original, near-significant result in the hope of attaining statistical significance. 

Greenwald (1975) went on to give further consequences. These 

included elevating auxilliary hypothesis tests or fortuitous findings to 

prominence in reports of studies for which the major dependent variables did 

not provide a clear rejection of the null hypothesis. Also, there is a failure to 
detect data analysis errors when an analysis has rejected the null hypothesis by 

miscomputation, while these checks are carried out if the null hypothesis is not 

rejected. 
One other· major implication of publication practices for psychology 

relates to the general overall orientation of psychological research. According to 

Dar (1987), as a result of the dominance of the trend of passing null-hypothesis 

tests, there is a lack of pressure on the psychologist to build solid, accurate 

theory - all the researcher need do is produce results which are statistically 
significant. A possible consequence 'of this situation is a restricted emphasis on 
the micro-level of research where small problems are studied that can be easily 
tested by the prevailing data-analytic techniques and where there is little 
interest in studying larger scale phenomena or more qualitative domains. 

So, the results are strongly in support of the view that the publication 

practices of psychological journals, which are the main forum for propogation 
of psychological knowledge, help maintain the dominance of statistical 
significance testing as a methodological tool in psychology. In the words of 

Bakan (1966): "[The] editors are, of course, in some sense the ultimate 'teachers' 

of the profession; and they have been teaching something which is patently 
wrong." ( p. 242). 

One major problem exists with these conclusions, however. The 
empirical studies that support the phenomena of biased publication practices of 
journals have mostly used significance tests to analyse the data gathered; this 
research reporting significant findings (Rosenthal & Rosnow, 1963; Van 

Heerden and Hoogstraten, 1978; Cohen:, 1979; Atkinson et al., 1982; Nelson et 
al., 1986). How do we know that these results themselves are not Type I errors? 

It is rather indicative of the poor state of psychology if research aiming to 

criticise the standard methods falls back on these methods to validate 

conclusions. 

The theoretical articles of Bakan (1966) Meehl (1967,1978) Lykken (1968) 
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and Mahoney (1985), however, contain strong, seemingly valid, analyses of 
publication practises; and, the work of Sterling (1959) and Greenwald (1975) 
presents empirical support of the claims for publication biases without 
resorting to the use of significance tests. There is, then, some reliable, indeed 
strong, evidence for the argument that the journals and similar publications of 
psychology are biased towards significance tests in specific ways, ways which 
tend to reinforce the dominance and misapplication of the tests. 
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CHAPTER TEN 

Some Social Considerations: The 
Role of External Forces 

In this chapter I will consider additional factors which may account for 

the perpetuation of the dominance of significance tests in psychology. While 

these factors relate both to internal qualities of significance tests and to the 

social nature of research, the main emphasis is on the latter dimension. As we 

have already seen with publication practices, social factors appear to play an 

important role in perpetuating significance tests. 

10.1 The Ease Of Application 

Basically, significance testing procedures are neat packages that give 
'good' results which can be used to validate one's theories - good results in that 
they give an indication of how likely it is your statistical hypothesis is correct, 
in the form of a clear probability statement. Furthermore, the tests can be used 

for a variety of data provided one follows the necessary conditions for their use. 

Even if these conditions should be broken the tests have a remarkable 
robustness so the results obtained will still be reliable in many cases. 

The tests of significance are reasonably straightforward to use, as well, if 

one 'follows the instructions' correctly. With the advent of numerous 

computer packages designed to carry out statistical analysis, things become even 
easier. Here, what comes out of the computer is almost interpreted for the 
researcher; all the important information is given so it is simply a matter of the 
researcher taking the results and applying them to his or her theory or 
hypothesis. The result of a significance test will be in a quantified form, which 
shows how much credence one can have in one's theory; if anyone doubts the 

conclusions, the 'facts' are there to back it up. 
So, these factors as mentioned above would help increase the attractiveness of 

significance tests as research tools; once one learns how to use them they 
appear as extremely useful research aids. Of course, there is also the important 

point that significance tests are one of the few statistical methods taught to 

students of psychology; at the least they are treated as being the most important 

of statistical methods. Important as well is the trend apparent in the majority of 
statistics texts aimed at students of psychology to restrict attention to the one 
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form of hypothesis testing methodology; namely significance testing. 

Recalling the findings of the survey reported in chapter seven, it will be 

remembered that the majority of respondents used significance tests in their 

research. These respondents were academic psychologists, the teachers of 

psychology, who shape the interests and practices of future psychologists. 

While there is no direct evidence, I do think it is fair to assume that in their 

teaching the survey respondents would emphasis the methods they use as 

being the best or even the correct ones to use; surely they would not use them if 
they did not regard them in this manner. So, it can be reasonably assumed that 

significance testing methodology still dominates in the teaching of psychology. 

As well as the evidence just outlined, this assumption is made on the basis of 

significance testiri.g's dominance in journal publication practices, the 

popularity of computer packages such as SPSS with its emphasis on significance 

tests, and the continual publication of textbooks outlining the use of 

significance tests. This will ensure a continued legitimization of the 

(unjustified) place of significance tests in the acquisition of psychological 

knowledge. 

10.2 Outcomes of Intentional Misuse? 

One wonders, and a touch of cynicism enters here, if some of the less 

desirable aspects of significance tests help in maintaining their dominance. For 

example, due to the type I error characteristics of these tests, a researcher knows 

that if the experiment is repeated often enough and the data subjected to tests of 

significance, in some percentage of cases the null hypothesis will be treated as 

false when it is true. The cases where the null hypothesis is not rejected can 

easily be ignored or rationalised through reference to such factors as poor 
design, so the type I error is seen as a 'correct' result, supporting one's theory. 

Hopefully this is not the case very often, but to the unscrupulous who wish to 
obtain their results at any cost, often for political or personal reasons, it could 

be a reassuring quality of tests of significance. Another limitation of 

significance tests that could possibly be used to one's advantage is in relation to 

the use of one-tailed versus two-tailed tests of significance. One-tailed tests are 

used when testing a directional hypothesis as opposed to a simple hypothesis 

which is in the form of 'no difference between two groups'. The critical value 

for the test statistics corresponding to a probability of 0.05 is lower for a 

one-tailed test than it is for the corresponding two-tailed test, thus it makes it 
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somewhat 'easier' to obtain a statistically significant difference when testing a 
directional hypothesis (Caulcott, 1973). The texts outlining the difference 

between one- and two-tailed tests point out that, unless there are strong 

justifications for using a one-tailed test one should stay with the two-tailed; and 

that one must make the decision as to what test to use before collecting data. 

This gives some protection against researchers randomly utilising one-tailed 
tests when they think this may give more support for their hypotheses; but it 
does not stop a researcher illegitimately using this approach where they know 
they could benefit from it, while at the same time putting forward some 
justification for such behaviour. 

Of course, it is unlikely that this is a major practice in psychological 

research; hopefully' researchers would not continue using tests of significance 

because they know that these tests can be used to their advantage on occasion to 
give unwarranted support for a hypothesis. An important point here is that 
psychology is supposed to be, under the standard philosophy that guides it, 

value-free, objective, disinterested and universal; the scientist in his or her 
search for the truth should do so iri a manner which facilitates good to society 

(Blanpied, 1976). This means that if scientists adhere to the moral code or ethic 

of their science then the considerations of the illegitimate use of significance 

testing and the consequences of such, as outlined above, are invalid. 

Unfortunately, we cannot nullify these arguments on this basis, for the fact is 

that abuses of science are carried out by the practitioners of science (Broad & 

Wade, 1985). The scientist is not some sort of uncorruptible being who will 

carry out research in strict accordance with the ethical codes laid down by the 
scientific establishment. In fact, the laying down of ethical codes or laws for the 
practice of science suggests some control must be placed over scientists so they 
do actually carry out their research in a manner facilitating good. There needs 
to be some kind of norms and sanctions in the scientific community to guard 
against problems of falsifying data, plagarism or unethical research. 

10.3 The Role Of Funding 

With continuing world-wide economic recessions, there is a growing 
trend towards decreases in available funding for psychological and social 
research; this often means that economic problems are being faced by 
universities, research institutions, and organisations sponsoring social or 
behavioural research. The under-utilization of available research in the social 
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and behavioural sciences is another factor leading to decreases in funding 

(Ansoff 1986; Karapin,1986). This means that there is more pressure on research 

workers to carry out worthwhile research or to obtain useful results that will 

ensure continued funding. The type of research that will tend to dominate will 

be practical, applied research of the most conservative and reactionary kind, 

that which serves to justify prevailing societal relationships and institutions. 

The type of resarch which is under-utilized will be that which is controversial 

in some form, perhaps challenging the standard ways; or the type of research 

which does not have an immediate, practical orientation. Often, this latter type 

of research is theoretical, concerned with questions on the nature of 

psychology, and issues relating to the betterment of psychology as a discipline. 

One important reason for the bias towards certain types of research has 

to do with the nature of organisations funding research: they will 

predominately be large, economically strong institutions of the type which 
relies on the continuation of the status quo for their existence. The results of 

this limited funding for research could include abuses of science as outlined 

above. As well as a reliance on methods such as significance tests which have 

been 'proven' through past research and experience to give good results, there 

could be an illegitimate use of these methods to ensure the desired or necessary 

results are obtained. 

Of course, there is an important question that must be answered here: 

in times of crisis or economic uncertainty is there an overall move towards 

conservatism, relying on traditional proven ways, or is there a search for 

radical solutions to problems? If in fact conservative attitudes tend to 

dominate, then one can clearly see the implications for psychology as a result of 

the pressures of funding and the emphasis on practical, appliec;l research, at the 

expense of 'under-:-utilised' theoretical research. These various pressures 
would lead to a further entrenchment in the standard ways and methods of 

psychology, and lead to less willingness on behalf of psychological researchers 

to accept new research techniques or entertain theoretical considerations 

differing from the standard ways. One consquence of this would be a lack of 

challenges to the dominance of statistical significance testing. 

10.4 Contributions From Computers? 

As mentioned earlier, an important factor helping to perpetuate the use 

of significance tests in psychology is the widespread availability of computer 
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packages or technological aids designed to assist in the application and 

interpretation of these tests. 

While these packages or programs were originally designed to assist in 

the use of significance testing and statistical analyses, more generally they have 

come to legitimize these methods and the philosophies upon which they are 

based. The computer packages require a quantification of qualitative 

dimensions; every aspect of humanity that is to be studied must be reduced to 

an easily manipulated figure or a quantifiable dimension for statistical analysis. 

This reliance on quantification and abstraction are conditions of the standard 

empiricist philosophy of psychology, and the heavy reliance on the use of 

computers reinforces these empiricist conditions as fundamental to 

quantitative analysis. 

Weizenbaum (1976) put forward a similar argument. Weizenbaum saw 

abstraction is necessary in science because science can only proceed through a 

simplification of reality. This means leaving out of account all empirical data 

which do not fit the particular conceptual framework within which science is 

currently working. By concentratfog only on aspects of experience that are 

measurable and explicable in terms of a causal system, science is able to obtain 

increasingly powerful control over nature, but this selection is a simplification 

and is not properly representative of reality. At best we can expect a mapping of 

reality under the type of empirical abstraction utilised in psychology. 

Unfortunately, as Bhaskar (1979, 1986) and Harre (1980) note, this mapping is 

often limited or distorted. The majority of scientists, however, accept the world 

picture given by science as being a true representation of reality because science 

is meant to, and thus presumed to, give a factual, empirical, rigorous 

understanding of reality. In fact, science distorts reality and then goes on to 

accept this distortion as reality. Weizenbaum reinforced this conclusion: 

"Science and technology are sustained by their translations into power and 

control" (Weizenbaum, 1976, p. 130); computers become powerful tools within 

science, reinforcing the distorted view of reality. The tools of science help 

justify the science, reinforcing the science and masking its impoverished 

nature. This is just one component of · the contemporary use of instrumental 

reason. 

Instrumental reasoning: 

" ... is essentially concerned with means and ends, with the adequacy of 
procedures more or less taken for granted and supposedly 
self-explanatory. It attaches little importance to the question whether 
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the purposes as such are reasonable. If it concerns itself at all with ends, 
it takes for granted that they too are reasonable in the subjective sense, 
i.e. that they serve the subject's interest in relation to self preservation." 
(Horkheimer, 1947, pp. 3-4) 

Since the time of the Enlightenment and the beginnings of the 

capitalist system, there has been a move towards this type of reasoning. 

Accompanying this was the disappearance of " ... the idea that an aim can be 

reasonable for its own sake - on the basis of virtues that insight reveals it to 

have in itself - without reference to some kind of subjective gain or advantage" 

(Horkheimer, 1947, p. 4). This was the abolition of objective reason. 

Instrumental reasoning resulted from the rise of the capitalist system 

and the growth of. technology which is such an important part of capitalism. 

Under the capitalist system we find a reliance on technology which is necessary 

to control and manipulate the world. What becomes important is getting the 

most value out of objects for the least possible cost, with relationships between 

objects being conceived of in terms of their instrumental value. But this form 

of reasoning does not restrict itself-to the realm of the workplace; the nature of 

capitalism means instrumental reasoning spreads into all areas of life. There 

has been an increase in people's tendencies to view the world in ways that 

involve manipulating the objects of the world as means to an end 

(Horkheimer, 1947; Marcuse, 1964). The need to subject the physical world to 

ever-more effective forms of manipulation and control so as to ensure a high 

level of productivity becomes a necessary part of capitalist industrialism, a 

feature of life under capitalism. People begin to see their relationships to the 

social world in terms of means and domination, that is, in instrumental terms. 

Under this conception people themselves become instrumentalized, losing 

their humanity and becoming objects to be dominated and manipulated 

(Horkheimer, 1947; Marcuse, 1964). 

This instrumental reasoning is obvious in the use of computers as aids 

in scientific research, or as technological tools; in fact, it seems to lie at the heart 

of the dominant role assigned to computers: 

"The rhetoric of the technological intelligentsia may be attractive 
because it appears as an invitation to reason ... but. .. it urges instrumental 
reasoning, not authentic human rationality. It advertises easy and 
"scientifically" endorsed answers to all conceivable problems. It exploits 
the myth of expertise" (Weizenbaum, 1976, p. 253) 

and: 
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'\ .. the computer, as presently used by the technological elite is not a 
cause of anything. It is rather an instrument pressed into the service of 
rationalizing, supporting, and sustaining the most conservative, 
indeed, reactionary, components of the current zeitgeist." (p. 250) 

Marcuse (1964) argued that the technical apparatus of production and 

distribution functions as a system determining a priori the products of the 

apparatus as well as the operations of servicing and extending it. The 

domination of technology means the skills, occupations and attitudes of the 

individuals become determined by the technology. The productive apparatus 

and technology become such an important part of society and are so useful to 

society that they determine the entire work interests, and social interests of the 

members of society (Marcuse, 1964). These interests become concerned with 

servicing and extending the productive apparatus. Thus the nature of 

technological society means there is a perpetuation of the technology as weil as 

a perpetuation of the perceived need for technology in all ifs forms. 

That which is produced in society is determined by the productive 

apparatus or the technology available to that society. This is the case for both 

the production of material goods and for intellectual activity or the production 

of ideas. In the same way that technology determines the process of production 

for material products, so the nature of intellectual activity is determined by 

technology. Certain ways of thinking or looking at the world develop. The 

most obvious cases here are the mechanistic ideas of various empiricist 

philosophies or the artificial intelligence idea that the mind can be represented 

by computers. In science, research becomes inextricably linked with technology, 

both in terms of the nature of the research carried out and the manner in 
which research is carried out. Research must be applicable to a world of 
technical rationality and the productive apparatus of research are technological 

aids. Both these factors determine how the research programme proceeds and 

what the topics of scientific study are to be._ 
Social science deals with technical rationality purely because social 

science is the study of society and this society is dominated by technology. 

However, the standard, dominant social science serves to legitimize 

technological society, having little in the way of a critical dimension. The 

reliance on technology which dominates under capitalism reduces the prospect 

of critical action or critical thought. Life is made easier and more pleasant 

through the benefits of technology and people become accepting of the status 

quo, unwilling and unmotivated to challenge it because they are provided with 
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a way of life which is pleasant, easy and safe (Marcuse, 1964). In psychology, for 

example, why challenge or criticise the use of the various technological aids 

like computer packages for data-analysis? These aids make analysis faster and 

easier than would otherwise be possible, meaning research itself is an easier 

process. This relates to the mystification promoted by technology. People are 

incapable of looking beyond the productive apparatus to see the nature of the 

forces determining the products of the apparatus (Marcuse, 1964). Because that 

which is created through technology is acceptable and desirable to the 

population in general, there is no questioning, or looking beyond, the product. 

For example, computer analysis gives the results of a statistical analysis of data; 

these results " ... become mystifying to the extent to which they are isolated from 

the truly concrete context which makes the facts and determines their 

function." (Marcuse, 1964, p. 190). The researcher is only interested in the 

analysis of results in relation to the context from which they are drawn; usually 
in psychology this context is that of the individual. There is no move to extend 

the analysis beyond this limited context because the results are legitimized by 

the use of statistical packages which appear to give all possible results and show 

the causal links between variables. 

10.5 Implications of the domination of Computers for Psychology 

The role of computer-based tools in research has changed from one 

where they are seen as aids to research to the situation where they dominate 
research. Packages designed for statistical analysis would promote and 

perpetuate the standard research model and the reliance on statistical analysis. 

Here that which is of interest for research is that which is quantifiable and 

manipulative, and the major concern is the testing of hypotheses. Qualitative, 
intensive forms of research would appear as unattractive, time-consuming, 

laborious and 'messy'. It is 'easier' to give a computer-codeable questionnaire 

to a large group of randomly selected subjects and statistically analyse the 

results - all with the aid of computers - than to interview, observe and study in 

depth a smaller sample over a period of time and then engage in theoretical 

analysis of the results. Of course, computer analysis is useful in this latter type 
of research, and it would be foolish to reject the benefits of these aids. But they 

cannot be relied upon to do the thinking in research. The use of computers in 

research for statistical analysis like ANOV A or causal modelling is only a first 

step in analysis. 
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In psychology, computers serve the role of the technical apparatus of 
the production of knowledge. The reliance upon computers to analyze data and 

the crucial role they play in research has seen them become the productive 

apparatus of psychology. The situation has arisen where computer systems are 

used which were once designed to serve as an aid in analysis and 

decision-making, but these computers have since surpassed the understanding 

of their users and become indispensable to them (Weizenbaum, 1976). A form 

of mystification of the productive apparatus has arisen. One consequence of 

this is people are making decisions on the basis of information from computers 

whose programmes are not known or understood; the users of computers 

have no knowledge of the criterion or rules on which such decisions are based. 
Because of a lack of understanding on the part of users of the inner 

workings of computers, or the systems of rules and criteria embodied in 

computer systems, the possibility of modifications of these systems becomes 

more and more problematic, resulting in an inevitable enlargement of these 

systems when new techniques are added. Their growth and the increasing 

reliance placed upon them is accompanied by an increase in the legitimation of 

their knowledge base (Weizenbaum, 1976). Computers become the dominant 

mode of production of knowledge in science, " ... they advocate an 

authoritarianism based on expertise. Their advocacy is, of course, disguised by 

their use of rhetoric couched in apparently neutral, jargon-laden, factual 
language." (Weizenbaum, 1976, p. 248). Their domination as research aids 

determines the nature of the research, the way data is analysed, and the nature 

of the conclusions drawn from analysis. 

The use of computers reinforces a form of reason that sees humanity or 

reality as one-dimensional, as simply a set of traits or abilities - 'psychological 

components' - to be quantified and manipulated through statistical analysis. 

Psychological reality becomes relevant only in that it allows the continuation of 

psychological research. The use of computer systems such as data-analytic 

packages, aids in the perpetuation of instrumental reasoning, this form of 

thought itself being responsible for the continued reliance on computers and 

inextricably linked with the philosophy behind their dominance. 
For it is the belief that people can be instrumentalized, dominated and 

manipulated that allows them to be quantified and reduced to dimensions that 

can be analysed by computers. Of course, once computers start being used, being 

relatively easy to operate, giving output which appears valuable and useful, 

and treated as essential aids in the research process, justification for their 
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dominance is created. Marcuse (1964) pointed out that with the advent of 

technology we see the institution of new, more effective and more pleasant 

forms of social control and social cohesion; basically, technological 

developments and the technical apparatus of production limits any possibility 

of real social change. This is one consequence of the use of computers to help 

with research in psychology; it strips people of their human qualities and 

distorts their reality. As Weizenbaum (1976) succintly stated: "the reification of 

complex systems that have no authors, about which we know only that they 

were somehow given us by science and that they speak with its authority, 

permits no questions of truth or justice to be asked." (p. 252). 

A more recent development of the ideas of critical theory has been 

forwarded by Habermas (1970). This regards the dominance of instrumental 

reasoning as due not to technical reason as such, but its universal character 

(McCarthy, 1978). The dominance of scientific and technological thought in 
our society has been at the expense of a more comprehensive concept of reason, 

and is closely related to the extension of purposive-rational action (i.e. labour) 

to all spheres of life (McCarthy, 1978). For Habermas, the basic logical structures 

of science and technology are embedded in purposive-rational action: "As long 

as this does not change, as long as human beings have to seek their own 

self-preservation and emancipation from material necessity through social 

labour aided by means that substitute for work, there can be no 'more humane' 

replacement for scientific-technical progress" (McCarthy, 1978, p. 22). 

Habermas avoided falling into the trap of a radical romantic rejection 

of technology which could be interpreted to be implied by earlier critical 

theorists like Horkheimer and Marcuse. Habermas saw that the way to 

overcome the situation these two identified as existing in Western society - and 

at the more specific level, in our case, of psychology - is through properly 
locating technology within a comprehensive theory of rationality (Habermas, 

1970). It is the identification of both technology and science with the whole of 

rationality that must be overcome or rejected; thus the possibility still exists for 

the continued use of technology as an aid in science. However, as currently 

regarded and used, technology, specifically, computers, serve in the 

perpetuation of instrumental reasoning. This is one of the forces behind the 

use of and the reliance on such methods as significance tests and the various 

computer packages developed to make analysis easier. 
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10.6 Practical Concerns 

If one does not accept the preceding argument, there are still problems 

related more closely to the actual research which arise from the use of 

computers as technological aids in psychology. As Cliff (1983) showed, the use 

of computer programmes or statistical packages seems to encourage researchers 

to suspend any normal critical faculties. Cliff's claim was in relation to causal 

modelling procedures such as LISREL programmes, but it is equally applicable 

to social science research aids such as SPSS packages. He argued the researcher 

tends to treat the results of computer packages as the 'correct' results because 

. they have been generated by a complex computer system which analyses all the 

data. However, what the researcher forgets is that there may be alternative 

models or explanations that fit the data which the computer does not show us -

computers only give the results they have been programmed for. As well, these 

sorts of programmes tend to lead one to think that any correlations between 

variables which show up are an indication of causality; this is obviously not 

always the case and can never be· assumed on the basis of statistical analysis 

only (Cliff, 1983). The problem seems to be that while computers are only 

'number crunchers' that process data in a manner they have been set up to do, 

people, when they come to use computers, seem to think that the computers 

can operate in some sort of intelligent manner and only give out results that 

constitute the 'proper' answer for one's research. In fact, all they do is show the 

statistical relationships between measures of different variables. On this basis 

the researcher has then to decide if the results suggest any sort of relationship 

exists between the variables. He or she cannot assume that what the computer 

analysis provides is the only correct answer which frequently demonstrates 

some level of causality between variables. 

A final important point about the use of computers is that, while a 

computer can make some technique useful because it increases the practicality 

of the technique, the actual validity of a technique or method used on the 

computer is still important. If a technique is not valid in the first place, 

developing a computer package for that technique will not improve its validity, 
unless in doing so the sources of the problems are discovered and rectified 
(Weizenbaum, 1976). If an invalid technique is computerised this may give it 

some spurious credibility, but in no way will this overcome the problems 

inherent in the method. Statistical significance tests are not particularly valid 

techniques, and the development of computer packages for these tests has not 
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overcome the weaknesses of these methods. All this has done is reinforce the 

dogma behind their continued use and imparted a false confidence in the users 

or consumers of these tests, fooling them in to thinking that they have a 

valuable analytic tool to work with. 
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CHAPTER ELEVEN 

Conclusions: What of Significance Tests? 

What should now be obvious is that a large number of factors serve to 

ensure significance tests dominate in psychology. What should also be clear is 

that there is no good justification for this dominance. The use of statistical 

significance tests in psychology should be abandoned, or at the very least, 

discouraged, as they are an inadequate data-analytic technique. But, is there any 

place for inferential statistics in general in the study of psychology? This 

question will now be dealt with. 

I think it is possible to present a strong argument that inferential 

statistics can play a useful role for psychology in relation to data-analysis, 

theory formulation and knowledge acquisition, but this is a limited role. While 

alternatives to significance testing such as Bayesian analysis, likelihood 

inference, confidence intervals, effect size and mathematical modelling may be 

acceptable for statistical analysis because they overcome problems associated 

with significance testing, they do not overcome problems inherent in the use of 

statistics; in fact they obscure these problems behind claims of having solved 

problems which are in effect relatively superficial. They shift the focus from 

issues related to what psychology should be studying and why it should study 

its specific subject matter to the question of how psychology should be studied; 

there is no questioning of 'why' and 'what'. So, the assumption seems to be 

that if the data from experiments is tested in a 'better' manner, psychology will 

become a more powerful science of behaviour. But, this possibility will not be 

realised unless there are much broader changes to psychology than at a basic 

methodological level. 

11.1 The Argument Against Inferential Statistics 

There are numerous reasons why significance tests are used in 

psychology; the point of this thesis has been to suggest some of them; and 
various of these reasons can be applied to inferential statistics in general. But 

one of the particularly important factors which justifies the use of significance 

tests is the adherence to naturalism implicit in psychology. 

This is the argument that is present in both realist and critical theory (or 

philosophic marxist) considerations of science ( Keat, 1971; Keat and Urry, 1975; 
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Bhaskar, 1978, 1979, 1986; McCarthy, 1984; Sayer, 1984; Benton, 1985; 
Vaillancourt, 1986). An extremely simplistic summary of the stance of these 

two 'schools of thought' in relation to the use of inferential statistics is, 

basically, that there are problems with the current usage of these particular 

methods because they help produce a distorted perspective of the world, and 

do not allow us to make any sort of judgment on the world as it really exists. 

Both realists and critical theorists see the standard empiricist sciences and 

approaches to research as marred by an inadequate appreciation of the nature of 

societal-person relations. 

So, there are similarities underlying the reasons for critical theorist and 

realist dissatisfactions with the use of inferential statistics in the social and 

behavioural sciences, these criticisms have arisen from a general critique of 
empiricist science which has been going on for the better part of this century. It 

should be said that these particular groups are not the only ones who reject the 
dominance of inferential statistical methods; there are other critics such as the 

structuralist marxists and the materialist marxists. Why the realists and critical 

theorists should be specifically considered here is because they seem to offer the 

most plausable, practical, and interesting alternative research strategies of those 

who are generally critical of the methods of the 'standard' sciences (c.f. 

Vaillancourt, 1986, ch. 5). To return to the previous point; while realists and 

critical theorists are both critical of empiricist science, these two groups have 

reacted in markedly divergent ways as a result of their similar, underlying 

motivational, characteristics. 

Critical theorists see that there is no possibility of using inferential 

statistical methods in the study of science because there is no possibility of 

naturalism, of adopting the methods of the natural sciences for the study of 

society. While there have been changes in critical theory interpretations of the 

role of the natural and social sciences, due to the work of Jurgen Habermas, 

there is still inherent in Habermas's work; as much as in the ideas of the earlier 

critical theorists, an acceptance of an essentially positivist or empiricist account 
of natural science (Habermas, 1971; Bhaskar, 1978, 1979; McCarthy, 1984). The 
relevance of this according to Bhaskar (1978, 1979) is that critical theorists, (as 
part of a broader anti-naturalist movement) preclude themselves from locating 

the true differences between the natural and social sciences; thus they cannot 

deal with the true nature of the problems and issues facing the social sciences. 

The realist account of science, however, adopts a view of science which is 

opposed to positivist or empiricist formulations of science, developing instead 
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the possibilities of a realist science and a non-positivist naturalism, which 
allows a realist social science. This is Bhaskar's explicit aim, and through this 

he hoped to overcome the problems faced by the anti-naturalists. 

Realists see a possibility for a non-positivist naturalism, but still reject to 

a large extent the use of such things as inferential statistics as a method. This is 

because these methods have resulted from a generally empiricist science, and 

consequently, they are unsuited to the aims of the science envisaged by realism. 

Bhaskar (1978, 1979, 1986) argues that it is the nature of the object of 
study of a science which determines the form of the science. Because there are 

differences between the subject matter of the natural and social sciences, social 

science is possible. So, to investigate the limits of naturalism is to investigate 

the conditions that' make social science possible. 

Obviously for a realist theory it must be the case that the objects of our 

knowledge are real structures existing and acting independently of the patterns 
of events they generate. There is needed however, a definition of what is real. 
The two criteria used by science for this purpose are causal and perceptual 
criteria; Bhaskar argues anti-naturalist theories of science ignore the 

possibilities opened up by a causal criteria for ascribing reality. He shows how 

causal laws must be analysed as tendencies which only necessarily manifest 

themselves in empirical invariances under relatively special closed conditions; 
in other words, causality is not as obvious as the positivist formulations imply. 

Therefore, in opposition to positivist views of explanation, deducibility from 

empirical invariances that depends on the availability of constant conjunctions 

of events can never be necessary or sufficient for a natural scientific 
explanation. There is an ontological gap between causal laws and their 
empirical grounds, which has been ignored by positivists. 

Knowledge, then, has intransitive objects acting and existing 
independently of it; and knowledge is itself a social product, whose aim is the 
production of knowledge of social processes, this production being dependent 
upon the utilization of pre-existing cognitive materials. This knowledge is 

important in the process of theory-formulation, which proceeds as follows. 
Explanation of any phenomenon involves identification of that phenomenon 

and then the building of a model of that phenomenon, working on the basis of 

our prior knowledge of said phenomenon, with this model explaining how the 

phenomenon works. This model can then be empirically tested, with this 

process leading to the identification of the generative mechanisms at work 
creating the phenomenon, these generative mechanisms becoming the new 
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phenomenon to be tested. As noted, this is the process of theory-formulation, 

and it applies to the natural sciences. Bhaskar states: 

"On this view of science its essence lies in the move at any one level 
from manifest phenomena to the structures that generate them. The 
question of naturalism can thus be posed as follows: to what extent is it 
possible to suppose that a comparaole move can be made in the domain 
of the social sciences?" (1978, p. 4) 

The consequences of this preceding analysis of science leads to the 

conclusion that the objects of scientific study are real structures which are not 

necessarily perceivable or knowable through perception; these structures have 

to be produced through scientific inquiry. The important question, then, is what 

properties do societies possess that might make them possible objects of 

knowledge for us. 

11.2 Society and tlte Individual 

Bhaskar outlines problems of methodological individualism, the 

standard view of the relationship of the individual to society in the social 

sciences. This view asserts that facts about society are to be explained in terms of 

principles governing the behaviour of the participating individuals. Faults with 

this view are that actions ascribed to people, which are seen as special to the 

individual, presuppose a social context in which they take place. As well, facts 

about individuals are no more observable or easier to understand than those 

about social phenomena; arguments which state that they are easier to 

understand do not stand up to scrutiny. For example, suppose one uses an 

argument that refers to people's rationality to account for their actions. This 

will not explain what people do, only how they do it; the argument says human 
nature is rational but nothing more. There is no explanation of cause in the use 
of this type of argument, only a statement of an event's occurrence or presence. 

A relational explanation is needed if we are to successfully account for human 

behaviour. 

To this end, Bhaskar has suggested the transformational model of social 

activity (see also Sullivan, 1984; Manicas, 1987). This model is based on the 

conception that the social structure and the natural world, in so far as the latter 

is appropriated by the individual, exists prior to the individual. But, society 

would not exist without human activity, otherwise society would have to create 

itself. As well, human activity would not occur unless the agents engaged in it 
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had a conception of what they were doing - for otherwise, one must postulate 

some form of coercion. Therefore, if society is already made, then any human 

activity or action will transform it, the totality of such acts serving to sustain 

and change it. This transformational process is the transformation of pre-given 

natural and social material causes through intentional human activity. What 

distinguishes the purely natural from social material causes is that, while social 

causes exist prior to the actions of any individual and are a condition for any 

intentional act, they only exist and continue to exist as a consequence of human 

agency. So, society would not exist unless the conventions, relations, structures, 

societal practises and human agents were reproduced or transformed. And, at 

the same time as humans reproduce or transform society, society produces the 

necessary conditions for intelligable human activity through socialization. 

Individuals in society perform a double function; as well as making 

social products they create the conditions of their making; they reproduce the 
structures governing their substantive activities of production. The conditions 
applying to the society-individual relationship also apply to the social 
structure-individual relationship; i.e., the transformational model predicts the 
consequences of the social structure-individual relationship. Transformation is 

always situated in, and extends across, time and space, and includes both 

physical production and social or personal activities like the satisfaction of 

physical needs, communication of meaning and expression of power. 

On this conception, then, society and its agents are " ... existentially 

interdependent but essentially distinct." (Bhaskar, 1986, pp. 123-124). Society 

may exist only because of the existence of human beings, and human beings 

must presuppose, as well as express, some definite social form; but the two may 
not be reduced to or recreated from one another. Furthermore, unintended 

consequences of actions or activities and unacknowledged conditio;ns may limit 

one's understanding of the social world, while unconscious or unacknowledged 
motivation or tacit skills may limit one's understanding of oneself. 

11.3 The Nature of Science 

The transformational model of social activity allows the derivation of 

limitations on a possible naturalism in the domain of the social sciences. These 

limits are: 

1. Social structures do not exist independently of the activities they govern, 
unlike natural structures. 
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2. Social structures, unlike natural structures do not exist independently of 
the agent's conception of their activity. 

3. Social structures, unlike natural structures, may be only relatively 
enduring. 

These factors indicate differences in the possible natures of knowledge of the 
natural and social sciences. 

This relates to the conditions existing in the type of systems studied by 
the natural and social sciences. In a closed system regularities in patterns and 

sequences of events can arise, but there are certain conditions which are 

necessary for a system to be closed. Following Sayer (1984), we may define these 
characteristics thus: 
(i) There must be no change or qualitative variation in the object 

possessing the causal powers if (causal) mechanisms are to 

operate consistently over time and space. 
(ii) The relationship between the causal mechanisms and those of its 

external conditions which make some difference to its operations and 

effects must be constant if the outcome is to be regular. 
The first of these conditions is the intrinsic condition for closure, the second the 

extrinsic condition. Both these conditions must be met for a closed system to 

exist. Open systems violate these conditions, thus regularities they produce are 
only approximate or short-term. 

While it is rare to encounter naturally closed systems, it is possible to 
create them. The point of the experimental method in science is the creation of 

a closed system so as to allow the occurance of regular relationships between 
objects and better understand these objects (Greenwood, 1982). Closed systems 
eliminate the influence of intervening and interfering variables on the 

mechanisms or objects of interest, thus allowing us to gauge their causal role. 
It is possible to obtain closed systems in some of the physical sciences, 

especially physics and chemistry. This means that these physical sciences are in 

a better position to predict the actions of the subject-matter under certain 

conditions and have a higher predictive power than those sciences which use 
the same methods of study but which cannot obtain the same degree of physical 
control over the environment. As a consequence, the sciences which have a 
high predictive capacity, due to the possibilities for closure, are seen as better or 
more powerful sciences than those sciences which are not able to obtain closure 

due to the more abitrary nature of their subject-matter. Orthodox 
(quasi-positivist) philosophy of science sees these physical sciences as being the 
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ones that other sciences should look too for methodological advice, as it were. 
But what this advocacy of physics as an exemplar ignores is that physics is 
strongly predictive because of its subject-matter or because its practitioners have 
the ability to control its environment. 

Given the above limits on naturalism, it would appear there is a 

difference in the possible natures of the natural and social sciences. These limits 

to naturalism arise because the objects of social scientific investigation only 
manifest themselves in open systems where invariant empirical regularities do 

not obtain. Practically all theories of orthodox philosophy of science and their 
methodologies presuppose closed systems, meaning they are inapplicable for 

studying the social sciences. Thus, all positivist attempts at explanation should 

be discarded, including anti-naturalist attempts which conceive of the natural 
sciences in positivist terms. 

Because we have a lack of closed systems in society, the social sciences are 
denied, in principle, decisive test situations for their theories. The criterion for 
the rational confirmation and rejection of theories in the social sciences cannot 

be predictive, it must be exclusively explanatory. However, if we have 
independently validated claims to social scientific knowledge, we are just as 

warranted in applying our knowledge as in the natural sciences. 

So, in the process of theory-construction, the problem of defining an 

appropriate object of inquiry in the social sciences is acute because of the open 

nature of social systems. Fortunately for the researcher, most of the phenomena 

of interest to the social scientist will be identified due to the concept-dependent 

nature of social activities. Therefore, we have a proto-scientific set of ideas, 

which will be transformed (through the processes suggested by the 
transformational model) into a social scientific theory; in other words, the prior 

knowledge we have from our daily societal interactions will form the basis of 
our social scientific theories. The first step in the transformation of 

proto-scientific knowledge into theory will be an attempt at a real definition of a 
form of social life which has already been identified under a particular 
description. What is needed is a non-arbitrary procedure for generating real 
definitions; here Bhaskar refers to the activity-dependent nature of social 
structure where mechanisms at work in society exist only in virtue of their 
effect, but he is not clear on how to generate the appropriate definitions. 

In a realist study of society, then, " ... [Society] cannot be read straight off 
the empirical world. But neither can it be reconstructed from our subjective 
experiences. But, though positivism would have had us forget it, that much at 
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least is the case with the objects of study in natural science, too." (Bhaskar, 1978, 
p. 24) 

There are a number of implications of this particular theoretical 
orientation. Because we cannot abstract ourselves from society and cannot set 

aside our presuppositions or beliefs, even when in the role of the 'analytical 

scientist' it can be assumed that statistical techniques are linked with the 

theories and beliefs of those who developed them, which in the majority of 
cases means positivist or empiricist-based philosophies. If one is to reject 
positivism one must, it follows, reject the associated statistical methodologies 

due to the theory-laden nature of the latter. 

11.4 A Ne·ed for Alternatives and a Rejection of Positivism. 

Many of the critics of significance testing have not taken the step of 
calling for a general rejection of the dominant inferential statistical methods as 
used in hypothesis-testing in the social sciences. This may be because these 
critics still adhere to the standard philosophy of science and thus see a place for 

the use of inferential statistics; they wish to reformulate the methods within the 

current framework of experimentation and research. But it would appear that 

the more radical step of reformulating the framework of experimentation and 

research is needed. As long as the standard philosophy dominates, the changes 

which occur in relation to statistical methodology will only be, and perhaps can 

only be, limited and superficial, and will not deal with the real problems of 

statistical inference as outlined here. 

The theory developed by Bhaskar, then, argues for a qualified naturalism 

in the social sciences, and following from this realist conception it is possible to 
put forward some strong arguments against significance testing and inferential 
statistics. For example, most realists, except perhaps 'empirical realists' or those 
who would not accept the transcendental realism of Bhaskar, reject the 
regularity view of methodology in favour of a generative methodology. 
Regularity or consequentalist theories of methodology reason from knowledge 
claims under study to their testable consequences, while generative 
methodologies reason to, and accept, the claims in question from warranted 
premises (Haig, 1989). Within the generative methodological approach, a 
generative theory of causation is embraced, rejecting the regularity theory of 
causation. The regularity theory of causation sees the existence of regular 
contingent relations between events or objects as important for showing that 
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causality exists or that there is a causal relationship between the two events or 
objects. Sometimes the discovery of empirical regularities will draw attention to 

objects whose causal powers might be responsible for a pattern and to 

conditions necessary for the existence of, and activation of, said causal powers. If 

we discover a regular relationship between two kinds of phenomena this gives 

us some reason to believe they are causally connected. Under the regularity 

theory the existence of the regularity is seen as providing the evidence of a 
causal connection (Keat and Urry, 1975). 

But, the existence of regular contingent relations is not enough to 

confirm causal relations. Relying on data which simply gives information on 

associations of objects or events or covariation between phenomena will not be 
of much use in the search for causality (Sayer, 1984); for, saying two events are 

associated or covary says nothing as to why they are associated or covary. The 

regularity theory of causation is too simplistic; its reliance on statistical methods 

which simply show the degree of covariation between objects or give an index 

of the degree of empirical association between events, only allows us to predict, 

with a certain degree of error, ·the probability of an event occurring, or 

alternatively, describe an event. This regularity theory does not allow us to 

explain (Scriven, 1962; Keat and Urry, 1975), or tell us why an event has 

occurred or will occur. 

This is because the regularity view of causality rejects the concepts of 
natural necessity and causal powers (Harre and Madden, 1975). The regularity 

theory does not give any consideration to the nature or structure of an object. 
This nature plays an important part in the production of an effect by a causal 
mechanism. Instead, the regularity theory is concerned with, and sees causality 

as expressed by, the observable, empirically analysable relations between 

variables. Often however it is unobservable processes, or powers or 

potentialities of objects which are important causes of an event. The regularity 

theory cannot identify these powers; instead it identifies other observable factors 

as causal (Harre and Madden, 1975), which results in a simplistic and often 

incorrect causal analysis. Sayer (1984), for example, put forward the rather trite 

but illustrative example of the drunk trying to find the cause of his 
drunkenness: "On monday he had whiskey and soda, on tuesday gin and soda, 

on wednesday vodka and soda and on other nights when he stayed sober, 

nothing; by looking for the common factor in the drinking pattern for the 

nights when he got drunk, he decides the soda water was the cause." (p. 105). By 
relying on regular contingent relations the wrong cause is identified, while if 
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the drunk had studied the issue in more depth he may have discovered the 
alcohol was the true cause of his drunkenness. 

The alcohol in this case is a generative mechanism, and the search for 

causal mechanisms which generate an effect is termed the generative theory of 

causation. This depicts causation as a relation where under appropriate 

conditions a causal mechanism produces its effects (Sayer, 1984; Haig, 1989). A 

causal claim is not about a relationship between separate things or events but 

about what an object is like and what it can do (Sayer, 1984). 

Harre and Madden (1975) give an in-depth treatment of the generative 

theory of causation. Important to this theory is the idea of a powerful particular. 
Causation is seen as always involving a material particular which produces or 

generates something. In any specific application of the notion of causality, the 

crucial element which causes the action is this powerful particular. Under the 

generative view, the emphasis is on an ontology wider than just events. Events 

only play a role in causal relations if they are shown to either stimulate a 

suitable generative mechanism to action or if they make it possible for a 

primed powerful particular to act. 'Powerful particulars are conceived as causal 

agents suggesting a location of causal power in things and materials. 

The ideas of conceptual and natural necessity are also crucial to the 

generative theory of causality. Conceptual necessity relates to the statements 

descriptive of causal relations, being a necessity which is part of the conceptual 

relations of causal statements. Causal necessity matches a natural necessity in 

the relations of powers or natures or tendencies of the physical systems 
constituting the universe (Harre and Madden, 1975). Sayer (1984) sums this up 

by pointing out that the conceptual necessity concerns relations between 

statements while natural necessity concerns relations between things. Both 
Harre and Madden (1975) and Sayer (1984) use the example of the definition of a 
father to demonstrate this point about necessity. A father is a man who has or 
has had a child. This conceptual necessity denotes an empirically verifiable 

natural necessity in the relationship between males and procreation. 

So, a naturally necessary connection exists between the cause and effect, 

which means that the particular mechanisms of an object exist necessarily in 

virtue of the object's nature. As noted above, a causal mechanism must have 

the power to generate an effect, or the ability to cause an outcome (Harre and 

Madden, 1975). This power or ability is part of the object's nature, and the power 

or ability to generate a cause is inextricably linked with the nature of an event, 

object or phenomenon. These ineliminable powers and abilities of particular 
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things are the ontological links of cause and effect; they are reflected by the 

conceptual necessity of the causal statements, and the existence of naturally 

necessary connections are what gives an object the ability to produce an effect 
(Harre and Madden 1975; Haig, 1989). Causal power exists irrespective of 

whether it is currently being exercised; it is a tendency or existing state of an 

object. The activation of this tendency or causal power is contingent on the 

presence and configuration of certain conditions, i.e., while causal powers exist 

necessarily by virtue of the nature of the objects which possess them, certain 

conditions need be present in certain ways for the causal powers to be activated, 

and the causal power must be unimpeded to produce its effect (Sayer, 1984). A 

car engine will not operate unless there are present certain materials which 

must combine in the correct way - fuel must be ignited, oil must be present to 

provide lubrication; water must be present for cooling and so on. If any of these 

conditions are lacking then the engine will not run properly. 
To show causality or to identify causal mechanisms, then, requires the 

use of a generative theory of causality, a causal analysis that looks for the special 
nature of objects which is instrumental in the process of the object causing an 

effect. On this basis it becomes clear that the use of inferential statistics is limited 

in the process of scientific research; while a regularity obtaining between events 

as uncovered by statistical analysis is not a sufficient condition for identification 

of causes (as spurious correlations show), it is not a necessary condition either 

(Sayer, 1984). The orthodox empiricist view of science, with its regularity theory 

of causation, is unable to provide a positive criterion for distinguishing causal 
from accidental relations, because it proscribes concepts of natural necessity and 

causal power. As well, while the use of statistics does nothing to show causality, 

the use of statistics for explanation by the adherents to the regularity view 

implies the belief that logical and quantitative order correspond to causal order 

(Sayer, 1984). 
As Sayer (1984) points out, the practical adequacy of statistics for helping 

understand the world depends in part upon the objects to which they are 

applied. But, under the naturalistic orientation of the orthodox social sciences, 

this has been ignored and there has been a remarkably unquestioning 

transference of these methods from the natural to the social sciences. The 

importance of the realist view is that it shows the differences between the social 

and natural worlds and points out the limitations on naturalism. 

Another criticism of the use of significance tests stems from the 
recognition under realism of the real relationship between society and the 
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agent. The individualist orientation of orthodox social science allows the 
assumption that variables and observations of interest in an experiment are 
independent of one another because this individualist orientation does not 
recognise the inter-relationships of society and the individual. This is reflected 

in the technical conditions of statistical methods - the assumptions of 

independence of observations for example - which are necessary for their use. 

But, the actual existence of causal relationships in society results in these 

conditions being broken, as individuals cannot be assumed to be independent of 

one another and their society. As Bhaskar has shown, there exists an 
inter-relating transformational relationship between individuals and society. 
Sayer (1984) argues that what usually happens when using inferential statistics 
to find causality is that true causal links which the methods are attempting to 
uncover become nuisance variables to the methods, because these methods are 

created for use in a situation which does not match the reality of the social 

sphere: 

11.5 

"Observations are supposed to be independent of one another so that 
one does not end up seeking statistical associations among observations 
of the same individual or connected individuals. The independent 
variables used to 'explain' variation in the dependent variable of a 
multiple regression equation are supposed to be independent of one 
another and their comoined effects purely additive .. .it is striking that 
the very things we are interested in from an explanatory point of view -
[relations of a causal nature] - should have to be treated as nuisances for 
many techniques." (Sayer, 1984, pp. 179-180). 

Do the Alternatives Work? 

One potential difficulty with this analysis based on Bhaskar's work is that 

it seems to apply only to the study of the social world, so the implications in 

terms of research for psychology which follow seem only applicable to the study 
of 'social' psychological factors - one of Meehl's (1967, 1978) 'soft' areas of 
psychology. These include the social, clinical and personological disciplines of 
psychology. Here it is obvious that inferential statistics and, specifically, 
significance tests, can only be of limited use in the process of developing 
explanatory theory. 

However, what of the situation in the harder areas of psychology such as 
perception, behavioural and biological psychology and some areas of cognitive 

psychology; the areas where the interaction of the social agent and social sphere 

do not appear to have a major, direct influence in research. Admittedly, the 
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social areas of research cover a very wide number of psychological 

'sub-disciplines' (Manicas and Secord, 1983) so the realist argument can be seen 

to apply to the large majority of psychological research. However, one apparent 

fault with the realist view is that it seems to suggest that all we can hope for is a 

social psychology, because it seems to have an explicit concern with the social 

actions of people. 

Fortunately, there is a way around this problem. This is related to how 

psychology is defined. Manicas and Secord (1983) have shown that there is a 

need for more than just social psychology. The task for psychology as they see it, 

and they are guided by a realist orientation, is the study and explanation of 

people's competencies or powers, uncovering the lawful processes involved 

here, or more generally, understanding the structure of and utilization or 

actualization of these powers. Explaining the actualization of these powers 

requires both an understanding of the structure-agency relationship, which is 
the role of social psychology, and an explanation of the actual structures which, 

in the process of interactions, give humans the special powers or competencies 

they have and exercise in acting on the world. The explanations of these 

structures is the role of the experimental or 'hard' areas of psychology. Then, 

"So conceived ... experimental psychology does not explain everyday behaviour, 

even though, of course, it is capable of shedding light on the complex 

mechanisms (neurophysiological, perceptual, cognitive, etc.) that taken 

together, underlie. performances by individuals acting in the world." (Manicas 

and Secord, 1983, p. 407) 

So, there is a need for experimental psychology, and it should aim to 

explain why we act as we do; it has to be a causal experimental psychology, 

identifying real structures enduring and operating independently of our 

knowledge of them. Obviously, inferential statistics are of little use as research 

tools for this experimental or hard psychology, as they do not enable any 

inferences about causality. 

Here the importance of Bhaskar's realist naturalism becomes apparent. 

For, in the study of the harder areas of psychology the problems that bedevil the 

study of social relations are not of such concern, and it is possible to attain an 

experimental set-up closer to the natural sciences; that is, we can make 

assumptions of closure and control which are not justified within social 

psychology, but are possible under experimental psychology due to the 

difference in subject matter. 

Bhaskar's anti-positivist naturalism is important here, because it allows 
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the study of the 'hard' psychologies to be carried out in ways that are similar to 
the natural sciences. In the natural sciences, significance testing is not used very 
often, and when it is used, it is in different ways than it is in psychology. In fact, 

as Meehl (1986) states, when these tests are used in sciences like physics, 

astronomy, chemistry or genetics, they are used in almost exactly the reverse 

manner to how they are used in psychology. In these natural sciences, the test is 
used to falsify the substantive theory by showing that the empirical results lie 

outside the range of instrumental and sampling error. The physical or natural 

scientists do not normally test theories by refuting the null hypothesis, as they 
do not need to. The physical sciences use such things as point predictions to test 
theories; that is, a quantitative magnitude is predicted on the basis of a theory 

(or alternatively, a Jorm of function is predicted) and the theory is evaluated on 
the basis of how well the predictions fit with the results obtained. A theory 

which makes precise predictions and correctly picks a predicted value out of a 
range of experimental possibilities is seen as strong. Where the scientist uses a 

significance test, Meehl points out that the theoretically predicted value is 

compared with the observed meari, the question asked being do they differ in 

either direction by more than the probable error of the mean? This overcomes 

the problem related to using significance tests in the social sciences identified by 
Meehl (1967, 1978) where the prior probability of the theory being true is 
approximately one half. Physical scientists do not need to use these sort of 
methods very often because they have 'potent mathematics and accurate 
instruments' (Meehl, 1978). "The scientific trick [for the physical scientist] lies in 

conjoining rich mathematics and experimental precision, a sort of 'invisible 

hand wielding fine calipers'" (Meehl, 1978, p. 825). The 'invisible hand' theory 

is sufficiently powerful to enable the physkal scientist to generate an expected 
curve for his or her experimental results and compare obtained with expected to 
get an indication of the strength of the theory. There is also the use of what 
Meehl (1978) calls consistency tests in the physical sciences, this is the process of 
making multiple approximations to a theoretical number, where two or more 
nonredundant estimates of the same theoretical quantity are made; this is a 

powerful method for analysis, and a standard method in the natural and 

physical sciences. 
Because certain areas of psychology correspond closely to the natural 

sciences in terms of scientific assumptions that can be made as regards the study 

of the subject - specifically, closure is obtainable - it should be possible to study 

these areas of psychology with similar methods to those used in the study of the 
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natural sciences. In the natural sciences, significance testing is not often needed 

and not often used, and this should be the same situation in experimental 

psychology. Instead, there should be the use of such methods as curve and 

model fitting, signal detection theory, intensive study of certain 'special' cases 

or situations and a general emphasis on causal analysis. Some inferential 

statistical methods can be useful; for example, exploratory factor analysis is 

suggested as a valuable method in theory-formulation (although this method is 

not centrally a statistical method) (Haig, 1989). But the best use of these 

particular statistical techniques is at the beginning of a study when, for instance, 

initial conditions are being tested to ensure an experimental set-up or 

theoretical perspective is valid. What is important is that realism allows 

experimental or 'hard' psychology to exist, while the anti-naturalist streams, 

including critical theory, deny this possibility. For, in their rejection of 

naturalism, the anti-naturalists see that the subject-matters of the social and 

natural worlds are totally separate, and one cannot be studied using the 

methods of the other. However, this ignores the existence of the hard areas of 

psychology which deal with social 'objects, but objects existing independently of 

society. So, under an anti-naturalist approach, psychology becomes solely social 

psychology. 
However, not everyone is willing to accept Bhaskar's attempts at 

defining a non-positivist naturalism. Benton (1985) argues that Bhaskar actually 

reproduces the dualist ontology of a natural versus human opposition which is 

the basis of the various forms of anti-positivism. This ontology is sustained 

through an unnecessarily restricted conception of the natural sciences. The 
result of this is that the extent of the natural science/social science asymmetries 
Bhaskar claims to identify may not justify description of his position as a form 
of qualified naturalism; instead argues Benton (1985) all we can take from 

Bhaskar is anti-naturalism. 

To elaborate slightly, Benton ·believes Bhaskar makes a sharp 

natural/ social science contrast in relation to the possibility of decisive test 

situations in the two types of science - in the former, closure is possible, in the 

latter (i.e. social science) closure is not. But, says Benton, closure may not be 

possible in the natural sciences either, and in fact the two types of science may 

be closer than Bhaskar thinks, with the sharp contrast he draws in relation to 

closure only being understandable in terms of a residuum of the positivist 

conception of the experiment/prediction/testing relationship in Bhaskar's 

thought. Benton argues that Bhaskar also presupposes that the constant 
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conjunction of events associated with closure is necessary for prediction and 

Bhaskar seems to neglect a range of experimental sciences where experimental 

closure is not an available means of empirical control on theory. 

The conclusion of Benton's (1985) argument is that, while the general 

realist theory developed by Bhaskar is strong, specific articulations, in this case 

the attempt to create naturalism, are flawed. Benton feels that the natural 
sciences are more like the social sciences, while Bhaskar thinks that the social 
are more like the natural than is normally accepted. Benton still remains 
committed to the probability of a scientific social science, and sees the greatest 

obstacle to a scientific social science as being the absence of prediction and 
experimentation in the social sciences. What is needed is a (non-positivist) 

social science analogue of experimentation for Bhaskar's theory to be practical. 
If, in fact, Bhaskar's argument is anti-naturalist, as Benton argues, the 

implications are that the study of social factors, even in the 'hard' psychologies, 
cannot be carried out by the use of the methods of the natural sciences in the 
ways which I have suggested above. This means that the existence of 

experimental psychology is jeop·ardised. However, if Benton's critique of 

Bhaskar is accepted we can account for experimental psychology by arguing that 
the experimental psychologies are in fact part of natural science. This means the 
experimental or hard psychologies can be studied in the ways of the natural 

sciences, which seems necessary if they are to be properly understood under 
Benton's conception. However, this anti-naturalism still means that the social 

sciences cannot be studied using methods developed in and for the study of 

natural science, including inferential statistics like significance testing. 

11.6 Critical Theory and Science 

Under critical theory conceptions of anti-naturalism, however, the 
natural sciences are seen to be based on direct impressions of reality which are 

distorted through the capitalist system, and which scientists do not see beyond 
to the real structures and mechanisms in the world; science is seen as uncritical, 
manipulative, mystifying, dehumanizing, repressive and destructive. This 
view of science reflects critical theory's adherence to anti-empiricism, 
anti-positivism and subjectivism; objectivity is seen as a creation of knowledge 

functioning in the interests of the dominant social classes. Critical theory claims 

it is only possible to understand the world through more subjective, 

metaphysical analysis (Marcuse, 1964; Vaillancourt, 1986), looking back, perhaps, 
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to the sort of idealist analysis one would find in Hegel and the German idealists 
of the nineteenth century. The general theme of the critical theorists is that the 

natural sciences present a distorted, instrumentalised view of the world, which 

is part of the justification of their anti-naturalism: the natural sciences cannot 

hope to truly explain anything, so if the methods of the natural sciences are 

applied to the social sciences, there is no hope for understanding the social 

world, either. This means that the earlier suggestion of identifying the 'hard' 

areas of psychology with the natural sciences will be to psychology's detriment; 
but at the same time these 'hard' areas cannot be studied in ways suitable for 
the study of social psychology; thus there is no possibility for a complete 

psychology under critical theory. 

Habermas, · one of the major current critical theorists, manages to 

overcome this problem in some. respects with recent developments in his 

conceptions of science. While he is opposed to the extension of the 
manipulative, instrumental mentality of the natural sciences into the social 

realm, he is not totally critical of the technical interests of the natural sciences, 

seeing a need and a place for this form of rationality. But it must be stressed that 

he sees no place for naturalism which will simply lead to the extension of the 
technical interests of the natural sciences into the social domain (McCarthy, 

1984). So, Habermas is opposed to positivistic-based, empiricist social science but 
seems to accept the natural sciences, as they currently function, as useful to an 
extent. In taking this stand he avoids the inevitable total rejection of science and 
technology implied by the work of the earlier critical theorists. 

What all this means is that if one accepts anti-naturalism, it is possible to 
account for the study of the experimental or hard areas of psychology, both 
under realism (following from Benton's (1985) critique of Bhaskar) and under 
Habermas's reconceptualisation of critical theory. In this latter case, though, 
there will be problems involved in the study of experimental psychology due to 
the technical rationality of natural sciences with which it is necessary to identify 
hard psychology. If one accepts a realist naturalism, on the other hand, 
experimental psychology is also possible. In all cases, the methods used in the 
study of hard psychology may include some inferential statistics, but null 
hypothesis significance testing is unadvisable due to ifs myriad limitations. 

What of the situation for social psychology? The realist conditions of 
social science have been outlined previously. Now the critical theory approach 

will be outlined in more depth, based on Vaillancourt (1986). Because it is 

assumed the social can be studied by methods of s_tudying the natural world 
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under the orthodox conception of social science, critical theorists see that this· 
will lead to the social sciences being, like the natural sciences, manipulative, 

distorted and as serving to legitimize the status quo. Social science cannot be 

neutral, it always reflects social relations and, in the case of contemporary social 

science, these are relations of manipulation and instrumentalisation. Modern 

orthodox social science is materialist, determinist, empiricist, positivist and 

objectivist. For example, data collected in the standard experimental situation is 

seen as socially constructed, thus theory-laden with the dominant interests of 

the society and contaminated by capitalism. Instead of using data, critical 

theorists see a need to focus on the whole. Observation is also seen as 
misleading in the standard scientific method by critical theory because 
observation is limited to the visible, empirical level which is distorted through 
instrumentalisation and domination. 

Obviously, to truly understand society requires a rejection of all methods 
and assumptions of social science and a commitment to an anti-objectivist, 
anti-empiricist, anti-positivist and idealist social science for critical theory. 

Research, then cannot use inferential statistical methods, they are too closely 

tied with a distorted understanding of the world to be of any use. Instead, 

qualitative research techniques are needed. Ones which are used in the process 

of research which Vaillancourt (1986) identifies include participant research, 

field work, case studies, use of life history, qualitative content analysis, 
unstructured questionnaires and indepth interviews. The results of this type of 
research are analysed through qualitative methods (for example, use of 

discourse) which assess the true subjective meanings of the information 

gathered, or, what that information really means. The critical theorist can assess 

this because s/he has the correct or necessary understanding of reality. 

{' 

11.7 Research Strategies Bryond Significance Tests 

Realist research strategies also advocate the sort of qualitative research 
methodologies used by critical theory. However realism sees a use for statistical 
methods as long as they are used in ways that fit with realist philosophy. 
Manicas and Secord (1983) suggest a hermeneutical perspective or 

hermeneutical science of individual persons is needed for the study of social 

psychology. This will avoid standard experimentation and standard 

data-analysis, relying instead on more qualitative, subjectivist strategies. There 

is a commitment to understanding the ordinary person and his or her life 



164 

history and particular patterns of behaviour. Sayer (1984) discusses some of 
these research processes - for example, action research, which involves using 

interactive, open-ended questionnaires and interviews, so the interviewees or 
subjects actually play an important part in defining the nature of the study. He 

also outlines the use of intensive research designs. The intensive design 

involves studying a typical member of a group and attempting to discover all 

the properties that the typical member possess. The typical member is seen as an 

archetype for the group or class from which s/he is drawn, and the structure or 

nature of the group is then generated by an intellectual act of enlargement or 

extension of the nature of the typical member (Harre, 1978, 1980). In intensive 

design research the researcher uses qualitative methods like structural and 

causal analysis, ·participant observation and informal and interactive 
interviews. Intensive research asks questions of how causal processes work in 
some particular situation. Obviously there is little place for the use of such 
inferential statistical techniques as significance testing here. The standard design 
which intensive designs are seen as either replacing or supplementing are 
extensive designs. 

The extensive design involves the investigator examining all members 

of a class or group. This is achieved through taking a subset or sample of the 

group which is chosen as representative through such procedures as random 

selection. As well, a large sample is preferred as this is seen to be more 

representative of the group (Harre, 1978, 1980). In extensive designs, all the 

members of the subset or sample are studied, usually through inferential and 
descriptive statistical analysis and large-scale formal questionnaires given to the 

representative sample of the population. There is an averaging of the properties 
of the members of the group, and the type or general nature of the group is 
derived through this averaging - there is an intellectual act of abstraction 
(Harre, 1978, 1980). 

Of course, problems exist with both of these methods. The intensive 
design will fall down if the member chosen for study is not typical. In this case, 

the class that is generated from an intensive design will be a distortion 

uncharacteristic of the true class. With an extensive design the problem can 

arise that, if the group being studied is highly variable, an averaging of the 
results of the study will produce an outcome which does not actually fit any of 
the members of the group, as there wil be few properties in common to all 

members of the extension of the class (Harre, 1980). 

There are situations where both the extensive and intensive designs are 
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appropriate (for example, those where the problem outlined immediately above 

is encountered), the call is not for the total replacement of extensive by 

intensive designs as this would be impractical. What is necessary is a more 

thoughtful approach to the application and analysis of intensive designs. 

Through the use of the extensive design the general nature of a group is 

derived, enabling the researcher to identify a typical member from the known 

extension. Then the typical member is subjected to an intensive investigation to 

give detailed knowledge of the type making up the group. This intensive 

investigation can then be subjected to corroboration by choosing another 
member of the extension and carrying out an intensive investigation of this 

particular individual, comparing the results from the two intensive studies 

(Harre, 1980; Sayer, 1984). However, Harre (1980) notes that often in these types 

of joint studies the findings favour the intensive method as the in-depth 

studies of individuals from a group tends to show the original extension 

derived from an extensive study to be of limited value. 

If one does insist on using extensive studies, or for that matter intensive 

designs, less reliance on inferential statistics as the main aid in drawing 

conclusions from the results is necessary. Rather, there should be greater use of 

such methods as descriptive statistics or graphical data analysis (see for example, 

Wainer and Thissen, 1981, and Seheult, 1986, for discussions of this last 

method). The possibility of using other inferential statistical methods in the 

study of social science is allowed by realists, as we have seen, based on the 

reformulation of the nature of science in realist terms. Manicas and Secord 

(1983) for example, point out that statistical techniques can be useful in the 

process of description and discovery; they can serve in an exploratory role 

designed to uncover structures that can later be explained in terms of generative 

mechanisms; a similar argument is presented by Haig (1989). 

As well, quantitative causal modelling may be useful for testing theory 
(see Lovie, 1986 for an outline of new developments in this respect), but Sayer 
(1984) and Cliff (1983) make some important qualificatory points here. For 

example, two faults Sayer (1984) identifies are the fact that mathematical 

modellers are not concerned so much with explaining what it is about certain 

objects that produce certain changes (i.e., with causal analysis), but with 

representing and calculating the effects of actions. Here the inability of 

mathematics to represent internal relations, and hence structures, becomes of 

concern; when quantified, internal substantive relations become 

indistinguishable from purely formal and contingent relations. As well, the 
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theoretical models are often based on assumptions which, as well as simplifying 

the problems at issue, allows these problems to be treated as closed systems 

through the process of abstracting from qualitative variation in primary 

variables and holding constant other relations which are not of interest. 

However, the results of these models are applied to an open system with little 

justification. 

These problems of modelling might be avoided if one was careful in 

one's assumptions about the nature of the system to which the model is being 

applied, that is, if one recognises· problems of closure. One also needs to be 
conservative in drawing conclusions from mathematical modelling. Used with 

care, mathematical modelling appears to be a useful methodological device. But 

it must be remembered that mathematical modelling techniques, as currently 

used, carry many empiricist methodological assumptions (Haig, 1989). 

11.8 What Approach Should We Accept? 

If we reject the dominant empiricist position which advocates the 

retention and use of statistical analysis in research in the social sciences we are 

left with two possible, valid alternatives. The first of these alternative research 

strategies available to the social scientist is the critical theory view with its 

anti-inferential statistics bent. The second is the realist perspective which 

advises us to use inferential statistics where appropriate but with care, paying 

attention to specific considerations. Some who take the realist approach see 

significance testing as occasionally useful, but by no means should it dominate 

analysis, for all the reasons given in this thesis. The preferable approach, and 

indeed the stronger case as I see it, is the total rejection of statistical significance 

tests from social and behavioural science research; again this is an option under 

realism as well as critical theory. 
Of the approaches outlined, the most sensible in relation to research 

seems to be the realist position, for this shows that once the use of statistical 

analysis is divorced from its positivist legacy it can be a useful research tool. By 

reformulating science in realist terms, the separation of statistical analysis (and 

research in general) from positivism is made possible; this critical theory does 
not allow due to its essentially positivist conception of the natural sciences. 

There is, then, a place for the use of statistical analysis in psychological 

research. This view is supported by the likes of Meehl (1978, 1986), Manicas and 

Secord (1983), Oakes (1986), and Haig, (1989). But I think that what is obvious 
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from the foregoing pages of this thesis is that the use of significance testing 

should be abandoned and that there is little valid justification for its dominance 

in psychology. If anything, a series of misadventures and misunderstandings 

has combined with a lack of critical thought and critical activity in psychology 

and has led us to the situation we see in psychology today; specifically, the 

domination of statistical significance testing as a data-analytic tool. 

Often in the reporting of psychological research the conclusions that are 

drawn are quite inconclusive; there are very few hard facts about our behaviour 

which have arisen from psychological study over the years. This is especially 

the case in the 'soft' or social areas of psycholog;y; exposure to any good 

introductory psychology course or text will demonstrate the lack of sound 

explanatory theory in much of psychology. The reason for this is not, as may 

often be implied, due to problems in the particular behaviours under study. 

Rather, it is often essentially a result of the way the experiments are carried out 

and their results analysed. Basically, the standard psychological experiment and 

test of significance, guided by the adherence in psychology to an empiricist 

philosophical orientation, is not · suitable for the development of valuable 

theory. Indeed, as I have pointed out, this standard research process may even 

retard theoretical formulations. To overcome these problems necessitates not 

just a rejection of the standard test of significance in data analysis, but a 

complete re-evaluation of the goals and nature of psychological research. For 

while the suggestion here is that the rejection of statistical significance testing is 

a necessary step if we wish to strengthen psychology's theory construction 

efforts, it is not nearly sufficient. As long as psychology is dominated by 

empiricist ideas it will be unable to reach its full potential. Unfortunately, it is 

unlikely that psychology will realise this potential under the current social, 

political and economic climate. For as we have seen, the empiricist approach to 
science is so tightly bound up with the dominance of capitalist ideologies that 
change is only likely, indeed, possible with far-reaching changes at the 

social-structural level, in addition to psychology's methodological level. We 
should definitely stop relying on significance testing techniques in psychology 
and the social sciences, but this is only· one step in the development of a more 

valuable form of scientific enquiry. 
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APPENDIX ONE 

Questionnaire (a) 

This questionnaire is intended to gather some information on current 
data-analytic techniques used in Psychology. Would you please answer the 
following questions as accurately as possible. 

1. Position held in department 

2. Area of speciality in Psychology: 

3. Length of time as member of department: 

4. Age: 

5. Amount of research done: 

6. Which of the following methods have you used for data analysis in the 
last five years (please x): 

t-test 
Chi-square test 
Correlation 
Analysis Of Variance 
Factor Analysis 
Multiple Regression 
Non-Parametric tests between groups 
Non-Parametric Correlation 
Bayesian 
Meta-analysis 
Other (please specify) 

None used 

7. Which three of these methods would you have used most frequently 
within the last five years: 



8. Please outline the reasons for your preference of the three methods in 
(7) considering both their technical aspects and any other factors that 
may have led you to adopt them (eg. Education; Ease Of Application): 

9. Have you, in the last five years, changed the main data analysis 
techniques you use? If so, what did you change from, and what new 
methods did you adopt. What motivated this change? 
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Questionnaire (b) 

This questionnaire is intended to gather some information on current 
data-analytic techniques used in Psychology. Would you please answer the 
following questions as accurately as possible. 

1. Position held in department 

2. Area of speciality in Psychology: 

3. Length of time as member of department: 

4. Age: 

5. Where would you rank yourself on the following 
scale: 

No research O 1 2 3 4 
carried out 

continually 
engaged in 
research 

('Research' being research you have personally carried out for publication, 
sponsored or personal studies, etc.) 

6. Which of the following methods have you used for data analysis in the 
last five years (please x): 

t-test 
Chi-square test 
Correlation 
Analysis Of Variance 
Factor Analysis 
Multiple Regression 
Non-Parametric tests between groups 
Non-Parametric Correlation 
Bayesian 
Meta-analysis 
Other (please specify) 
None used 

7. Which three of these methods would you have used most frequently 
within the last five years: 

8. Please outline the reasons for your preference of the three methods in 
(7) considering both their technical aspects and any other factors that may 
have led you to adopt them (eg. Education; Ease Of Application): 



9. Have you, in the last five years, changed the main data analysis 
techniques you use? If so, what did you change from, and what 
new methods did you adopt. What motivated this change? 
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APPENDIX TWO 

Table 1: Data-Analytic Techniques Used Most Frequently by 
Respondents in Last Five Years (n=49) 

Method used 

ANOVA 

Correlation 

t-test 

Factor Analysis 

Regression 

Chi-Square test 

Non-Parametric tests 
Between Groups 

Non-Parametric 
Correlation 

Time-Series Analysis 

Multivariate Analysis 

Means 

Randomization Tests 

(cont.) 

Number of Respondents 
Using Method 

35 

21 

21 

11 

10 

9 

5 

3 

3 

2 

1 

1 



Table 1: cont. 

Method used 

Polynomial Regression 

Spectral Analysis 

Canonical Correlation 

Contrasts 

Signal Detection 

MANOVA 

Applied Behaviour 
Analysis 

LISREL 

Meta-Analysis 

Bayesian 

Number of Respondents 
Using Method 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

186 



187 

APPENDIX THREE 

Table 2: Data-Analytic techniques Used by Respondents in the Last 
Five Years (n=49) 

Data-Analytic Methods 
Used by Respondents 

Correlation 

ANOVA 

t-test 

Chi-Square Test 

Multiple Regression 

Factor Analysis 

Non-Parametric Tests 
Between Groups 

Non-Parametric Correlation 

Discriminant Analysis 

Meta-analysis 

Cluster Analysis 

Bayesian Analysis 

(cont.) 

Number Using 
Method 

44 

43 

42 

40 

28 

25 

23 

16 

8 

5 

4 

4 



Table 2: cont. 

Data-Analytic Methods 
Used by Respondents 

MANOVA 

Time-Series Analysis Methods 

Multidimensional Scaling 

Signal Detection Methods 

Probability Analysis 

LISREL 

Canonical Correlation 

Standard Errors 

Binomial Test 

Applied Behaviour Analysis 

Polynomial 
Multifactor Regression 

SNK 

Contrasts 

Partial Regression 

(cont.) 

Number Using 
Method 

4 

3 

3 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 
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Table 2: cont. 

Data-Analytic Methods 
Used by Respondents 

Sequential Analysis 

Means 

Randomization Tests 

C-Statistic 

Exponential Curve Fitting 

Log-Linear Modelling 

Computation-Intensive Methods 

Quasi-Experimental 

Content Analysis 

Number Using 
Method 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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APPENDIX FOUR 

Table 3: Reasons Given by Respondents for Use 
of Favoured Methods {n=48) 

Respondent's Reason For 
Use of Method 

Appropriateness of Method 
to Situation/Data 

Function of Data 
Under Test 

Simplicity /Ease of 
Application 

Availability of 
Computer Packages 

Benefits of 
Factorial Design 

Publication 
Demands 

Belief in Value of 
Significance Testing 

Lack of Knowledge of 
Alternative Methods 

Education 

A voids Problems of Other 
Statistical Methods 

Method Used Seen as Most 
Powerful Available 

(cont.) 

Number Citing 
Reason 

23 

13 

8 

4 

3 

3 

2 

2 

2 

2 

2 



Table 3: (cont) 

Respondent's Reason For 
Use of Method 

Robustness of Methods 

Type 1 Error 
Considerations 

Method Used Seen to Follow 
From Good Expt. Design 

Most Conservative Test 
Available 

Tradition 

Demands Imposed By 
Teaching 

Limited Assumptions 
of Methods Used 

Flexibility of 
Methods 

Method Works 

Results Can be Given 
Physical Meaning 

Relevance of Method 

Familiarity With 
Method 

Number Citing 
Reason 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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APPENDIX FIVE 

Table 4: Nature of Changes in Data Analytic Techniques of 
Respondents and Reasons for These Changes (n=15) 

Original 
Preferred 
Method 

Not Specified 

Not Specified 

Multiple 
Regression 

ANOVA 

Factor Analysis; 
ANOV A; Multiple 
Regression;Chi2 

ANOVA 

Multi-dimensional 
Scaling 

Correlation; Non
parametric tests 
t-test 

Regression; Non
Parametric Tests; 
Correlation 

Factor Analysis; 
Correlation; 
t-tests 

Method Respondent 
Recently 
Changed To 

Fourier Analysis; 
Various Signal Methods 

Computer Simulation/ 
Models; Bayesian Methods 

ANOVA 

LISREL; Multivariate 
Methods 

Structural Equation 
Modelling; LlSREL; 
Path Analysis 

Regression 

Correlation; 
t-test; Chi2 

Quasi-Experimental/ 
Simpler Designs 

Non-Linear Regression 

Multiple Regression 

(cont.) 

Reason Given 
by Respondent 
for Change 

Weaknesses in 
Traditional Methods 

Weaknesses in 
Traditional Methods 

Changes In Research 
Interests 

Form & Methodology 
of Research 

Research Interests 

Research Interests. 
Change from Expt. to 
Correla tional 

Change In Data 
Collected 

Increasingly applied 
Research; Difficulties 
of quantification 

New Quantitative 
Models 

Research Interests 



Table 4: (cont.) 

Original 
Preferred 
Method 

ANOVA; 
MANOV A; t-tests 

Bayesian Methods; 
Multivariate 

Multiple Re1_ress-
ion; ANOV ; 
Correlation 

Spectral Analysis 
ANOV A; Canonical 
Correlation 

Not Specified 

Method Respondent 
Recently 
Changed To 

Regression; 
Factor Analysis 

t-test; ANOV A; 
Correlation 

ANOVA 

Time-dependency; 
Auto-Correlation 

Factor Analysis; Chi2; 
Correlation 

Reason Given 
by Respondent 
for Change 

Research Interests 

New Methods 
Simpler 
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Change in Research 
Interests 

Research Interests 

Joint Authorship; 
Computers 
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APPENDIX SIX 
Table 5: 

Most Popular 

Number of Subjects Giving Reasons to Account 
For the Use of the Data-Analytic Methods They 
Used Most Frequently (n=48) 

Reason For Using: Data-Analytic Methoda 

Method 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 
ANOVA 24 5 3 3 3 2 2 2 1 1 1 1 1 

Correlation 13 7 2 2 1 1 1 1 1 1 1 1 

t-test 11 5 2 2 1 2 1 1 1 1 1 

Factor analysis 10 3 1 2 2 2 

Regression 9 1 1 1 1 1 

Chi 8 3 1 1 2 .. 
l 

Non-para b/w gps. 4 1 2 1 

Non-para Correlate. 2 1 1 

MANOVA 1 

Time-Series 2 1 1 

Signal-Detection 1 1 1 1 1 

Means 1 

Randomization tests 1 1 

Polynomial Regression 1 

Canonical Correlate. 1 

Contrasts 1 

Applied Behav. Anl 1 

LISREL 1 

Meta-Analysis 1 

Bayesian 1 

Multivariate 2 

a Key to reasons for use of data-analytic methods is given on p. 195 
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Reasons given by respondents for use of data-analytic techniques. 

1. Most appropriate method 

2. Ease of application/ simplicity 

3. Suitability for factorial designs 

4. Publication demands 

5. Educational Reasons 

6. Philosophical/Theoretical beliefs 

7. Most Powerful Methods 

8. Familiarity with methods /Lack of 

Knowledge of other methods 

9. Teaching Demands 

10. Method Works 

11. Results can be given physical meaning 

12. Availability of computer packages 

13. Conservative nature of test/ 

Limited assumptions 

14. Robustness of method 

15. Flexibility of method 

16. Avoids problems of other tests 

17. Type 1 error considerations 

18. Tradition 

19. Ease of interpretation of results 
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APPENDIX SEVEN 

Table 6: Most Popular Data Analytic Technique Used In Last Five Years 
by Age of Respondent (n=48) 

Age of Respondents 

Most 
Popular 25-30 31-35 36-40 41-45 46-50 51-55 <56 
Method 

ANOVA 2 6 8 7 6 5 1 

Correlation 3 4 2 5 3 2 2 

Regression 2 1 1 4 2 

Factor Analysis 1 2 3 4 1 

Chi-Square 2 2 1 1 2 1 

t-test 1 5 5 2 4 4 

Non-Para b/w gps. 1 1 1 2 

Time-Series 1 2 

Non-Para Correlation 1 1 1 

Signal Detection 1 1 

Randomization 1 

Polynomial Regression 1 

Means 1 

(cont.) 



197 

Table 6: cont. 

Age of Respondents 

Most 
Popular 
Method 

25-30 31-35 36-40 41-45 46-50 51-55 <56 

SNK 1 

Canonical Correlation 1 

Contrasts 1 

1 

LISRELb 

Meta-analysisb 

Bayesian 1 

General Multivariate 1 

MANOVA 1 

a Applied behaviour analysis 
b For these two cases, only one Respondent said these methods were the most 
preferred methods. However, this Respondent did not provide his/her age. 
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