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Santa Fe High School student will unquestionably perceive the inevitable pregame
prayer as stamped with her school’s seal of approval.”).
We arrive at this conclusion by initially considering the plain language of

the disclaimer, paragraph by paragraph. The first paragraph reads as follows:

The Pennsylvania Academic Standards require students

to learn about Darwin’s Theory of Evolution and

eventually to take a standardized test of which evolution

Is a part.
P-124. The evidence in this case reveals that Defendants do not mandate a similar
pronouncement about any other aspect of the biology curriculum or the curriculum
for any other course, despite the fact that state standards directly address numerous
other topics covered in the biology curriculum and the students’ other classes, and
despite the fact that standardized tests cover such other topics as well. Notably, the
unrefuted testimony of Plaintiffs’ science education expert Dr. Alters, the only
such expert to testify in the case sub judice explains, and the testimony of Drs.
Miller and Padian confirms, the message this paragraph communicates to ninth
grade biology students is that:

[W]e have to teach this stuff[.] The other stuff we’re just

going to teach you, but now this one we have to say the

Pennsylvania academic standards require[] students to

... eventually take a test. We’d rather not do it, but

Pennsylvania academic standards . . . require students to
do this.
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Trial Tr. vol. 14, Alters Test., 110-11, Oct. 12, 2005.

Stated another way, the first paragraph of the disclaimer directly addresses
and disavows evolutionary theory by telling students that they have to learn about
evolutionary theory because it is required by “Pennsylvania Academic Standards”
and it will be tested; however, no similar disclaimer prefacing instruction is
conducted regarding any other portion of the biology curriculum nor any other
course’s curriculum.

The second paragraph of the disclaimer reads as follows:

Because Darwin’s Theory is a theory, it continues to be

tested as new evidence is discovered. The Theory is not

a fact. Gaps in the Theory exist for which there is no

evidence. A theory is defined as a well-tested

explanation that unifies a broad range of observations.
P-124. This paragraph singles out evolution from the rest of the science
curriculum and informs students that evolution, unlike anything else that they are
learning, is “just a theory,” which plays on the “colloquial or popular
understanding of the term [“theory’] and suggest[ing] to the informed, reasonable
observer that evolution is only a highly questionable “opinion’ or a “hunch.””
Selman, 390 F. Supp. 2d at 1310; 14:110-12 (Alters); 1:92 (Miller). Immediately

after students are told that “Darwin’s Theory” is a theory and that it continues to be

tested, they are told that “gaps” exist within evolutionary theory without any
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indication that other scientific theories might suffer the same supposed weakness.
As Dr. Alters explained this paragraph is both misleading and creates
misconceptions in students about evolutionary theory by misrepresenting the
scientific status of evolution and by telling students that they should regard it as
singularly unreliable, or on shaky ground. (14:117 (Alters)). Additionally and as
pointed out by Plaintiffs, it is indeed telling that even defense expert Professor
Fuller agreed with this conclusion by stating that in his own expert opinion the
disclaimer is misleading. (Fuller Dep. 110-11, June 21, 2005). Dr. Padian bluntly
and effectively stated that in confusing students about science generally and
evolution in particular, the disclaimer makes students “stupid.” (Trial Tr. vol. 17,
Padian Test., 48-52, Oct. 14, 2005).

In summary, the second paragraph of the disclaimer undermines students’
education in evolutionary theory and sets the groundwork for presenting students
with the District’s favored religious alternative.

Paragraph three of the disclaimer proceeds to present this alternative and
reads as follows:

Intelligent Design is an explanation of the origin of life
that differs from Darwin’s view. The reference book,
Of Pandas and People, is available for students who

might be interested in gaining an understanding of what
Intelligent Design actually involves.
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P-124. Students are therefore provided information that contrasts 1D with

“Darwin’s view” and are directed to consult Pandas as though it were a scientific

text that provided a scientific account of, and empirical scientific evidence for, ID.
The theory or “view” of evolution, which has been discredited by the District in the
student’s eyes, is contrasted with an alternative “explanation,” as opposed to a
“theory,” that can be offered without qualification or cautionary note. The
alternative “explanation” thus receives markedly different treatment from
evolutionary “theory.” In other words, the disclaimer relies upon the very same
“contrived dualism” that the court in McLean recognized to be a creationist tactic
that has “no scientific factual basis or legitimate educational purpose.” McLean,

529 F. Supp. at 1266.°

® The McLean court explained that:

The approach to teaching ‘creation science’ and ‘evolution science’ . . . is identical to the
two-model approach espoused by the Institute for Creation Research and is taken almost
verbatim from ICR writings. It is an extension of Fundamentalists’ view that one must
either accept the literal interpretation of Genesis or else believe in the godless system of
evolution.

The two model approach of creationists is simply a contrived dualism which has no
scientific factual basis or legitimate educational purpose. It assumes only two
explanations for the origins of life and existence of man, plants and animals: it was either
the work of a creator or it was not. Application of these two models, according to
creationists, and the defendants, dictates that all scientific evidence which fails to support
the theory of evolution is necessarily scientific evidence in support of creationism and is,
therefore, creation science ‘evidence[.]’

529 F. Supp. at 1266 (footnote omitted)(emphasis added).

42



Case 4:04-cv-02688-JEJ Document 342  Filed 12/20/2005 Page 43 of 139

The overwhelming evidence at trial established that ID is a religious view, a
mere re-labeling of creationism, and not a scientific theory. As the Fifth Circuit

Court of Appeals held in Freiler, an educator’s “reading of a disclaimer that not

only disavows endorsement of educational materials but also juxtaposes that
disavowal with an urging to contemplate alternative religious concepts implies
School Board approval of religious principles.” Freiler, 185 F.3d at 348.
In the fourth and final paragraph of the disclaimer, students are informed of
the following:
With respect to any theory, students are encouraged to
keep an open mind. The school leaves the discussion of
the Origins of Life to individual students and their
families. As a Standards-driven district, class instruction
focuses upon preparing students to achieve proficiency
on Standards-based assessments.

P-124.

Plaintiffs accurately submit that the disclaimer mimics the one that the Fifth
Circuit struck down as unconstitutional in Freiler in two key aspects. First, while
encouraging students to keep an open mind and explore alternatives to evolution, it
offers no scientific alternative; instead, the only alternative offered is an inherently
religious one, namely, ID. Freiler, 185 F.3d at 344-47 (disclaimer urging students

to “exercise critical thinking and gather all information possible and closely

examine each alternative toward forming an opinion” referenced “Biblical version
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of Creation” as the only alternative theory, thus “encourag[ing] students to read
and meditate upon religion in general and the “Biblical version of Creation” in
particular.) Whether a student accepts the Board’s invitation to explore Pandas,
and reads a creationist text, or follows the Board’s other suggestion and discusses
“Origins of Life” with family members, that objective student can reasonably infer
that the District’s favored view is a religious one, and that the District is
accordingly sponsoring a form of religion. Second, by directing students to their
families to learn about the “Origins of Life,” the paragraph performs the exact

same function as did the Freiler disclaimer: It “reminds school children that they

can rightly maintain beliefs taught by their parents on the subject of the origin of
life,” thereby stifling the critical thinking that the class’s study of evolutionary
theory might otherwise prompt, to protect a religious view from what the Board
considers to be a threat. Id. at 345 (because disclaimer effectively told students
“that evolution as taught in the classroom need not affect what they already know,”
it sent a message that was “contrary to an intent to encourage critical thinking,
which requires that students approach new concepts with an open mind and
willingness to alter and shift existing viewpoints™).

A thorough review of the disclaimer’s plain language therefore conveys a

strong message of religious endorsement to an objective Dover ninth grade student.
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The classroom presentation of the disclaimer provides further evidence that
it conveys a message of religious endorsement. It is important to initially note that
as a result of the teachers’ refusal to read the disclaimer, school administrators
were forced to make special appearances in the science classrooms to deliver it.
No evidence was presented by any witness that the Dover students are presented
with a disclaimer of any type in any other topic in the curriculum. An objective
student observer would accordingly be observant of the fact that the message
contained in the disclaimer is special and carries special weight. In addition, the
objective student would understand that the administrators are reading the
statement because the biology teachers refused to do so on the ground that they are
legally and ethically barred from misrepresenting a religious belief as science, as
will be discussed below. (Trial Tr. vol. 25, Nilsen Test., 56-57, Oct. 21, 2005;
Trial Tr. vol. 35, Baksa Test., 38, Nov. 2, 2005). This would provide the students
with an additional reason to conclude that the District is advocating a religious
view in biology class.

Second, the administrators made the remarkable and awkward statement, as
part of the disclaimer, that “there will be no other discussion of the issue and your

teachers will not answer questions on the issue.” (P-124). Dr. Alters explained
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that a reasonable student observer would conclude that ID is a kind of “secret
science that students apparently can’t discuss with their science teacher” which he
indicated is pedagogically “about as bad as | could possibly think of.” (14:125-27
(Alters)). Unlike anything else in the curriculum, students are under the
impression that the topic to which they are introduced in the disclaimer, ID, is so
sensitive that the students and their teachers are completely barred from asking

questions about it or discussing it.’

" Throughout the trial and in various submissions to the Court, Defendants vigorously
argue that the reading of the statement is not “teaching” ID but instead is merely “making
students aware of it.” In fact, one consistency among the Dover School Board members’
testimony, which was marked by selective memories and outright lies under oath, as will be
discussed in more detail below, is that they did not think they needed to be knowledgeable about
ID because it was not being taught to the students. We disagree.

Dr. Alters, the District’s own science teachers, and Plaintiffs Christy Rehm and Steven
Stough, who are themselves teachers, all made it abundantly clear by their testimony that an
educator reading the disclaimer is engaged in teaching, even if it is colossally bad teaching. See,
e.q., Trial Tr. vol. 6, C. Rehm Test., 77, Sept. 28, 2005; Trial Tr. vol. 15, Stough Test., 139-40,
Oct. 12, 2005. Dr. Alters rejected Dover’s explanation that its curriculum change and the
statement implementing it are not teaching. The disclaimer is a “mini-lecture” providing
substantive misconceptions about the nature of science, evolution, and ID which “facilitates
learning.” (14:120-23, 15:57-59 (Alters)). In addition, superintendent Nilsen agrees that students
“learn” from the statement, regardless of whether it gets labeled as “teaching.” (26:39 (Nilsen)).

Finally, even assuming arguendo that Defendants are correct that reading the statement is
not “teaching” per se, we are in agreement with Plaintiffs that Defendants’ argument is a red
herring because the Establishment Clause forbids not just “teaching” religion, but any
governmental action that endorses or has the primary purpose or effect of advancing religion.
The constitutional violation in Epperson consisted not of teaching a religious concept but of
forbidding the teaching of a secular one, evolution, for religious reasons. Epperson, 393 U.S. at
103. In addition, the violation in Santa Fe was school sponsorship of prayer at an extracurricular
activity, 530 U.S. at 307-09, and the violation in Selman was embellishing students’ biology
textbooks with a warning sticker disclaiming evolution. 390 F. Supp. 2d at 1312.
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A third important issue concerning the classroom presentation of the
disclaimer is the “opt out” feature. Students who do not wish to be exposed to the
disclaimer and students whose parents do not care to have them exposed it, must
“opt out” to avoid the unwanted religious message. Dr. Alters testified that the
“opt out” feature adds “novelty,” thereby enhancing the importance of the
disclaimer in the students’ eyes.® (14:123-25 (Alters)). Moreover, the stark choice
that exists between submitting to state-sponsored religious instruction and leaving
the public school classroom presents a clear message to students “who are
nonadherents that they are outsiders, not full members of the political community.”
Sante Fe, 530 U.S. at 309-10 (quotation marks omitted).

Accordingly, we find that the classroom presentation of the disclaimer,
including school administrators making a special appearance in the science
classrooms to deliver the statement, the complete prohibition on discussion or
guestioning ID, and the “opt out” feature all convey a strong message of religious

endorsement.

An objective student is also presumed to know that the Dover School Board

8 In fact, the “opt out” procedure, as will be detailed herein, is itself clumsy and thus
noteworthy to students and their parents, as it involves the necessity for students to have a form
signed by parents and returned to the classroom before the disclaimer is read. Despite the fact
that if properly executed the “opt out” form would excuse a student from hearing the disclaimer,
the need to review the form and have some minimal discussion at least between parent and child
hardly obviates the impact of the disclaimer, whether heard or not in the classroom.
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advocated for the curriculum change and disclaimer in expressly religious terms,
that the proposed curriculum change prompted massive community debate over the
Board’s attempts to inject religious concepts into the science curriculum, and that
the Board adopted the ID Policy in furtherance of an expressly religious agenda, as
will be elaborated upon below. Additionally, the objective student is presumed to
have information concerning the history of religious opposition to evolution and
would recognize that the Board’s ID Policy is in keeping with that tradition.
Consider, for example, that the Supreme Court in Santa Fe stated it presumed that
“every Santa Fe High School student understands clearly” that the school district’s
policy “is about prayer,” and not student free speech rights as the school board had
alleged, and the Supreme Court premised that presumption on the principle that
“the history and ubiquity” of the graduation prayer practice “provides part of the
context in which a reasonable observer evaluates whether a challenged
governmental practice conveys a message of endorsement of religion.” Santa Fe,

530 U.S. at 315; Allegheny, 492 U.S. at 630; see also Black Horse Pike, 84 F.3d at

1486.
Importantly, the historical context that the objective student is presumed to
know consists of a factor that weighed heavily in the Supreme Court’s decision to

strike down the balanced-treatment law in Edwards, specifically that “[o]ut of

48



Case 4:04-cv-02688-JEJ Document 342  Filed 12/20/2005 Page 49 of 139

many possible science subjects taught in the public schools, the legislature chose to
affect the teaching of the one scientific theory that historically has been opposed by
certain religious sects.” 482 U.S. at 593. Moreover, the objective student is
presumed to know that encouraging the teaching of evolution as a theory rather
than as a fact is one of the latest strategies to dilute evolution instruction employed
by anti-evolutionists with religious motivations. Selman, 390 F. Supp. 2d at 1308.

In summary, the disclaimer singles out the theory of evolution for special
treatment, misrepresents its status in the scientific community, causes students to
doubt its validity without scientific justification, presents students with a religious
alternative masquerading as a scientific theory, directs them to consult a creationist
text as though it were a science resource, and instructs students to forego scientific
inquiry in the public school classroom and instead to seek out religious instruction
elsewhere. Furthermore, as Drs. Alters and Miller testified, introducing 1D
necessarily invites religion into the science classroom as it sets up what will be
perceived by students as a “God-friendly” science, the one that explicitly mentions
an intelligent designer, and that the “other science,” evolution, takes no position on
religion. (14:144-45 (Alters)). Dr. Miller testified that a false duality is produced:
It “tells students . . . quite explicitly, choose God on the side of intelligent design

or choose atheism on the side of science.” (2:54-55 (Miller)). Introducing such a
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religious conflict into the classroom is “very dangerous” because it forces students
to “choose between God and science,” not a choice that schools should be forcing
on them. Id. at 55.

Our detailed chronology of what a reasonable, objective student is presumed
to know has made abundantly clear to the Court that an objective student would
view the disclaimer as a strong official endorsement of religion or a religious
viewpoint. We now turn to whether an objective adult observer in the Dover
community would perceive Defendants’ conduct similarly.

3. Whether an Objective Dover Citizen Would Perceive
Defendants’ Conduct to be an Endorsement of Religion

The Court must consider whether an objective adult observer in the Dover
community would perceive the challenged ID Policy as an endorsement of religion
because the unrefuted evidence offered at trial establishes that although the
disclaimer is read to students in their ninth grade biology classes, the Board made
and subsequently defended its decision to implement the curriculum change
publicly, thus casting the entire community as the “listening audience” for its
religious message. Santa Fe, 530 U.S. at 308. We are in agreement with Plaintiffs
that when a governmental practice bearing on religion occurs within view of the
entire community, the reasonable observer is an objective, informed adult within

the community at large, even if the specific practice is directed at only a subset of
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October 31, 1992
After 350 Years, Vatican Says Galileo Was Right: It Moves
By ALAN COWELL,

More than 350 years after the Roman Catholic Church condemned Galileo, Pope John Paul II is
poised to rectify one of the Church's most infamous wrongs -- the persecution of the Italian
astronomer and physicist for proving the Earth moves around the Sun.

With a formal statement at the Pontifical Academy of Sciences on Saturday, Vatican officials said the
Pope will formally close a 13-year investigation into the Church's condemnation of Galileo in 1633.
The condemnation, which forced the astronomer and physicist to recant his discoveries, led to
Galileo's house arrest for eight years before his death in 1642 at the age of 77.

The dispute between the Church and Galileo has long stood as one of history's great emblems of
conflict between reason and dogma, science and faith. The Vatican's formal acknowledgement of an
error, moreover, is a rarity in an institution built over centuries on the belief that the Church is the
final arbiter in matters of faith.

At the time of his condemnation, Galileo had won fame and the patronage of leading Italian powers
like the Medicis and Barberinis for discoveries he had made with the astronomical telescope he had
built. But when his observations led him to proof of the Copernican theory of the solar system, in
which the sun and not the earth is the center, and which the Church regarded as heresy, Galileo was
summoned to Rome by the Inquisition. Forced to Recant

By the end of his trial, Galileo was forced to recant his own scientific findings as "abjured, cursed
and detested," a renunciation that caused him great personal anguish but which saved him from being
burned at the stake.

Since then, the Church has taken various steps to reverse its opposition to Galileo's conclusions. In
1757, Galileo's "Dialogue Concerning the Two Chief World Systems" was removed from the Index,
a former list of publications banned by the Church. When the latest investigation, conducted by a
panel of scientists, theologians and historians, made a preliminary report in 1984, it said that Galileo
had been wrongfully condemned. More recently, Pope John Paul II himself has said that the scientist
was "imprudently opposed."

"We today know that Galileo was right in adopting the Copernican astronomical theory," Paul
Cardinal Poupard, the head of the current investigation, said in an interview published this week.

This theory had been presented in a book published in 1543 by the Polish scientist Nicolaus
Copernicus in opposition to the prevailing theory, advanced by the second-century astronomer
Ptolemy, that the Sun and the rest of the cosmos orbited the Earth. But the contest between the two
models was purely on theoretic and theological grounds until Galileo made the first observations of
the four largest moons of Jupiter, exploding the Ptolemaic notion that all heavenly bodies must orbit
the Earth.

In 1616, the Copernican view was declared heretical because it refuted a strict biblical interpreation of
the Creation that "God fixed the Earth upon its foundation, not to be moved forever." But Galileo
obtained the permission of Pope Urban VIII, a Barberini and a friend, to continue research into both
the Ptolemaic and the Copernican views of the world, provided that his findings drew no definitive
conclusions and acknowledged divine omnipotence.

But when, in 1632, Galileo published his findings in "Dialogue Concerning the Two Chief World
Systems," the work was a compelling endorsement of the Copernican system.
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Summoned to Rome for trial by the Inquisition one year later, Galileo defended himself by saying
that scientific research and the Christian faith were not mutually exclusive and that study of the
natural world would promote understanding and interpretation of the scriptures. But his views were
judged "false and erroneous." Aging, ailing and threatened with torture by the Inquisition, Galileo
recanted on April 30, 1633.

Because of his advanced years, he was permitted house arrest in Siena. Legend has it that as Galileo

rose from kneeling before his inquisitors, he murmured, "e pur, si muove" -- "even so, it does
move."
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Introdiiction

Science is highly esteemed. Apparently it is a widely held
belief that there is something special about science and its
methods. The naming of some claim or line of reasoning or
piece of research “scientific” is done in a way that is intended
to imply some kind of merit or special kind of reliability. But
what, if anything, is so special about science? What is this
“scientific method” that allegedly leads to especially merito-
rious or reliable results? This book is an attempt to elucidate
and answer questions of that kind.

There is an abundance of evidence from everyday life that
science is held in high regard, in spite of some disenchant-

. ment with science because of consequences for which some

hold it responsible, such as hydrogen bombs and pollution.
Advertisements frequently assert that a particular product
has been scientifically shown to be whiter, more potent, more
sexually appealing or in some way superior to rival products.
This is intended to imply that the claims are particularly
well-founded and perhaps beyond dispute. A recent news-
paper advertisement advocating Christian Science was
headed “Secience speaks and says the Christian Bible is
provedly true” and went on to tell us that “even the scientists
themselves believe it these days”. Here we have a direct
appeal to the authority of science and scientists. We might
well ask what the basis for such authority is. The high regard
for seience is not restricted to everyday life and the popular
media. It is evident in the scholarly and academic world too.
Many areas of study are now described-as sciences by their
supporters, presumably in an effort to imply that the methods
used are as firmly based and as potentially fruitful as in a
traditional science such as physics or biology. Political science
and social science are by now commonplace. Many Marxists
are keen to insist that historical materialism is a science. In
addition, Library Science, Administrative Science, Speech
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Sc%ence, Forest Science, Dairy Science, Meat and Animal
Science and Mortuary Science have all made their appear-
ance on university syllabuses.! The debate about the status

of “creation science” is still active. It is noteworthy in this

context that participants on both sides of the debate assume
t1.1at there is some special category “science” . What they
d1§agree about is whether creation science qualifies as a
science or not,

Ma_ny in the so-called social or human sciences subscribe
to a-line of argument that runs roughly as follows. “The
undoubted success of physics over the last three hundred
years, it is assumed, is to be attributed to the application of a
special method, ‘the scientific method’. Therefore, if the social
and human sciences are to emulate.the success of physics
then that is to be achieved by first understanding and formu-
lating this method and then applying it to the social and
human sciences.” Two fundamental questions are raiséd by
this line of argument, namely, “what is this scientific method

that is alleged to be the key to the success of physics?” and “4s

it legitimate to transfer that method from physics and apply
it elsewhere?”,

All this highlights the fact that questions concerning the
distinctiveness of scientific knowledge, as opposed to other
kjnds_of knowledge, and the exact identification of the scien-
tific method are seen as fundamentally important and conse-
quential. As we shall see, however, answering these questions
is by no means straightforward. A fair attempt to capture
widespread intuitions about the answers to them is encapsu-
lated, perhaps, in the idea that what is so special about
science is that it is derived from the facts, rather than. being
based on personal opinion. This maybe captures the idea that,
whereas personal opinions may differ over the relative merits
of the novels of Charles Dickens and D. H. Lawrence, thereis
no room for such variation of opinions on the relative merits
of Galileo’s and Einstein’s theories of relativity. It is the facts
that are presumed to determine the superiority of Einstein’s
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innovations over previous views on relativity, and anyone who
fails to appreciate this is simply wrong.

As we shall see, the idea that the distinctive feature of
scientific knowledge is that it is derived from the facts of
experience can only be sanctioned in a carefully and highly
qualified form, if it is to be sanctioned at all. We will encounter
reasons for doubting that facts acquired by observation and
experiment are as straightforward and secure as has tradi-
tionally been assumed. We will also find that a strong case
can be made for the claim that scientific knowledge can
neither be conclusively proved nor conclusively disproved by
reference to the facts, even if the availability of those facts is
assumed. Some- of the arguments to support this skepticism
are based on an analysis of the nature of observation and on
the nature of logical reasoning and its capabilities. Others
stem from a close look at the history of science and contem-
porary scientific practice. It has been a feature of modern
developments in theories of science and scientific method that
increasing attention has been paid to the history of science.
One of the embarrassing results of this for many philosophers
of science is that those episodes in the history of science that
are commonly regarded as most characteristic of major ad-
vances, whether they be the innovations of Galileo, Newton,
Darwin or Einstein, do not match what standard philosophi-
cal accounts of science say they should be like.

One reaction to the realisation that scientific theories
cannot be conclusively proved or disproved and that the
reconstructions of philosophers bear little resemblance to
what actually goes on in science is to give up altogether the
idea that science is a rational activity operating according to
some special method. It is a reaction somewhat like this that
led the philosopher Paul Feyerabend (1975) to write a book
with the title Against Method: Qutline of an Anarchistic
Theory of Knowledge. According to the most extreme view that
has been read into Feyerabend’s later writings, science has
no special features that render it intrinsically superior to
other kinds of knowledge such as ancient myths or voodoo. A
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high regard for science is seen as a modern religion, playing
a similar role to that played by Christianity in Europe in
earlier eras. It is suggested that the choices between scientific
theories boils dowmn to choices determined by the subjective
values and wishes of individuals.

Feyerabend’s skepticism about attempts to rationalise sci-
ence are shared by more recent authors writing from a socio-
logical or so-called “postmodernist” perspective.

This kind of response to the difficulties with traditional
accounts of science and scientific method is resisted in this
book. An attempt is made to accept what is valid in the
challenges by Feyerabend and many others, but yet to give an
account of science that captures its distinctive and special
features in a way that can answer those challenges.

CHAPTER 1

Science as knowledge derived from
the facts of experience

A widely held commonsense view of science

In the Introduction I ventured the suggestion that a popular
conception of the distinctive feature of scientific knowledge is
captured by the slogan “science is derived from the facts”. In
the first four chapters of this book this view is subjected to a
critical scrutiny. We will find that much of what is typically
taken to be implied by the slogan cannot be defended. Never-

. theless, we will find that the slogan is not entirely misguided

and I will attempt to formulate a defensible version of it.

When it is claimed that science is special because it is
based on the facts, the facts are presumed to be claims about
the world that can be directly established by a careful, un-
prejudiced use of the senses. Science is to be based on what
we can see, hear and touch rather than on personal opinions
or speculative imaginings. If observation of the world is
carried out in a careful, unprejudiced way then the facts
established in this way will constitute a secure, objective
basis for science. If, further, the reagoning that takes us from
this factual basis to the laws and theories that constitute
scientific knowledge is sound, then the resulting knowledge
can itzelf be taken to be securely established and objective.

The above remarks are the bare bones of a familiar story
that is reflected in a wide range of literature about science.
“Science is a structure built upon facts” writes J. J. Davies
(1968, p. 8) in his book on the scientific method, a theme
elaborated on by H. D. Anthony ¢1948, p. 145):

Tt was not so much the observations and experiments which
Galileo made that caused the break with tradition as his eftitude
to them. For him, the facts based on them were taken as facts,
and not related to some preconceived idea ... The facts of
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observation might, or might not, fit into an acknowledged scheme
of the universe, but the important thing, in Galileo’s opinion, was
to accept the facts and build the theory to fit them.

. Anthony here not only gives clear expression to the view

that scientific knowledge is based on the facts established by
observation and experiment, but also gives a historical twist
to the idea, and he is by no means alone in this. An influential
claim is that, as a matter of historical fact, modern science
was born in the early seventeenth century when the strategy
of takmg the facts of ohservation seriously as the basis for
science was first seriously adopted. It is held by those who
embrace and exploit this story about the birth of science that
prior to the seventeenth century the observable facts were not
taken sertously as the foundation for knowledge. Rather, so
the familiar story goes, knowledge was based largely on
authority, especially the authority of the philosopher Aristotle
and the authority of the Bible. It was only when this authority
was challenged by an appeal to experience, by pioneers of the
new science such as Galileo, that modern. science became
possible. The following account of the oft-told story of Galileo
and the Leaning Tower of Pisa, taken from Rowbotham (1918,
pPP. 27-9), nicely captures the idea.

Galileo’s first trial of strength with the university professors was
connected with his researches into the laws of motion as illus-
trated by falling bodies. It was an accepted axiom of Aristotle that
the speed of falling bodies was regulated by their respective
weights: thus, a stone weighing two pounds would fall twice as
quick as one weighing only a single pound and so on. No one
seems to have questioned the correctness of this rule, until
Galileo gave it his denial. He declared that weight had nothing
to do with the matter, and that ... two bodies of unequal weight

.. would reach the ground at the same moment. As Galileo’s
statement was flouted by the body of professors, he determined
to put it to a public test. So he invited the whole University to
witness the experiment which he was about to perform from the
leaning tower. On the morning of the day fixed, Galileo, in the
presence of the assembled University and townsfollr, mounted to
the top of the tower, carrying with him two balls, one weighing
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one hundred pounds and the other weighing one pound. Balanc-
ing the balls carefully on the edge of the parapet, he rolled them
over together; they were seen to fall evenly, and the next instant,
with a load clang, they struck the ground together. The old
tradition was false, and modern science, in the person of the
young discoverer, had vindicated her position.

Two schools of thought that involve attempts to formalise-
what I have called a common view of science, that scientific
knowledge is derived from the fact, are the empiricists and
the positivists. The British empiricists of the seventeenth and
eighteenth centuries, notably John Locke, George Berkeley
and David Hume, held that all knowledge should be derived
from ideas implanted in the mind by way of sense perception.
The positivists had a somewhat broader and less psychologi-
cally orientated view of what facts amount to, but shared the
view of the empiricists that knowledge should be derived from
the facts of experience. The logical positivists, a school of
philosophy that originated in Vienna in the 1920s, took up the

 positivism that had been introduced by Auguste Comte in the

nineteenth century and attempted to formalise it, paying
close attention to the logical form of the relationship between
scientific knowledge and the facts. Empiricism and positivism
share the common view that scientific knowledge should in
someé way be derived from the facts arrived at by observation.

There are two rather distinct issues involved in the claim
that science is derived from the facts. One concerns the nature
of these “facts” and how scientists are meant to have access
to them. The second concerns how the laws and theories that
constitute our knowledge are derived from the facts once they ~
have been obtained. We will investigate these two issues in
turn, devoting this and the next two chapters to a discussion
of the nature of the facts on which science is alleged to be
based and chapter 4 to the question of how scientific knowl-
edge might be thought to be derived from them.

Three components of the stand on the facts assumed to be
the basis of science in the common view can be distinguished.
They are:
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(a} Facts are directly given to careful, unprejudiced observers
via the senses, -
(b) Facts are prior to and independent of theory.
(c) Facts constitute a firm and reliable foundation for scien-
tific knowledge. '
As we shall see, each of these claims is faced with. difficul-
ties and, at best, can only be accepted in a highly qualified
form.

Seeing is believing
Partly because the sense of sight is the sense most extensively
used to observe the world, and partly for convenience, I will
restrict my discussion of observation to the realm of seeing.
In most cases, it will not be difficult to see how the argument
presented could be re-cast so as to be applicable to the other
senses. A simple account of seeing might run as follows.
Humans see using their eyes. The most important compo-
nents of the human eye are a lens and a retina, the latter
acting as a screen on which images of objects external to the
eye are formed by the lens. Rays of light from a viewed object
pass from the object to the lens via the intervening medium.
These rays are refracted by the material of the lens in such a
way that they are brought to a focus on the retina, so forming
an image of the object. Thus far, the functioning of the eye is
analogous to that of a camera. A big difference is in the way
the final image is recorded. Optic nerves pass from the retina
to the central cortex of the brain. These carry information
concerning the light striking the various regions of the retina.
It is the recording of this information by the brain that
constitutes the seeing of the object by the human observer. Of
course, many details could be added to this simplified descrip-
tion, but the account offered captures the general idea. -
Two points are strongly suggested by the forgoing account
of observation through the sense of sight that are incorpo-
rated into the common or empiricist view of science. The first
is that a human observer has more or less direct access to
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knowledge of some facts about the world insofar as they are
recorded by the brain in the act of seeing. The second is that
two normal observers viewing the same object or scene from
the same place will “see” the same thing. An identical combi-
nation of light rays will strike the eyes of each observer, will
be focused on their normal retinas by their normal eye lenses
and give rise to similar images. Similar information will then
travel to the brain of each observer via their normal optic
nerves, resulting in the two observers seeing the same thing.
In subsequent sections we will see why this kind of picture is
seriously misleading.

Visual experiences not determined solely by the
ohject viewed

In its starkest form, the common view has it that facts about
the external world are directly given to us through the sense
of sight. All we need to do is confront the world before us and
record what is there to be seen. I can establish that there is
alamp on my desk or that my pencilis yellow simply by noting
what is before my eyes. Such a view can be backed up by a

story about how the eye works , as we have seen. If this was

all there was to it, then what is seen would be determined by
the nature of what is looked at, and observers would always
have the same visual experiences when confronting the same
scene. However, there is plenty of evidence to indicate that
this is simply not the case. Two normal observers viewing the
same object from the same place under the same physical
circumstances do not necessarily have identical visual expe-
riences, even though the images on their respective retinas
may be virtually identical. There is an important sense in
which two observers need not “see” the same thing. As N. R.
Hanson (1958) has put it, “there is more to seeing than meets
the eyeball”. Some simple examples will illustrate the point.

Most of us, when first looking at Figure 1, see the drawing
of a staircase with the upper surface of the stairs visible. But

. this is not the only way in which it can be seen. It can without
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Figure 1

difficulty be seen as a staircase with the under surface of the
stairs visible. Further, if one looks at the picture for some
time, one generally finds that what one sees changes fre-
quently, and involuntarily, from a staircase viewed from above
to one viewed from below and back again. And yet it seems
reasonable to suppose that, since it remains the same object
viewed by the obServer, the retinal i images do not change,

Whether the picture is seen as a staircase viewed from ahove
or one viewed from below seems to depend on something other
than the image on the retina of the viewer. I suspect that no
reader of this book has questioned my claim that Figure 1
depicts a staircase. However, the results of. experiments on
members of African tribes whose culture does not include the
custom of depicting three-dimensional objects by two-dimen-
sional perspective drawings, nor staircases for that matter,
indicate that members of those tribes would not see Figure 1
as a staircase at all. Again, it seems to follow that the
perceptual experiences that individuals have in the act of
seeing are not uniquely determined by the images on their
retinas. Hanson (1958, chapter 1) contains some more capti-
vating examples that illustrate this point.

Ancther instance is provided by a children’s picture puzzle

that involves finding the drawing of a human face among the
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foliage in the drawing of a tree. Here, what is seen, that is,
the subjective impressions experienced by a person viewing

-the drawing, at first corresponds to a tree, with trunk,

branches and leaves. But this changes once the human face
has been detected. What was once seen as branches and
leaves is now seen as a human face. Again, the same physical
object is viewed before and after the solution of the puzzle,
and presumably the image on the observer’s retina does not
change at the moment the puzzle is solved and the face found.
If the picture is viewed at some later titne, the face is readily
and quickly seen by an observer who has already solved the
puzzle once. It would seem that there is a sense in which what
an observer sees is affected by his or her past experience.
“What”, it might well be suggested, “have these contrived
examples got to do with science?” Inresponse, itis not difficult
to produce examples from the practice of science that illus-
trate the same point, namely, that what observers see, the
subjective experiences that they undergo, when viewing an
object or scene is not determined solely by the images on their "
retinas but depends also on the experience, knowledge and

.expectations of the observer. The point is implicit in the

uncontroversial realisation that one has to learn to be a
competent observer in science, Anyone who has been through
the experience of having to learn to see through a microscope
will need no convincing of this. When the beginner looks at a
slide prepared by an instructor through a microscope itis rare-
that the appropriate cell structures can be discerned, even
though the instructor has no difficulty discerning them when
looking at the same slide through the same microscope. It is
significant to note, in this context, that microscopists found
no great difficulty observing cells divide in suitably prepared
circumstances once they were alert for what to look for,
whereas prior to this discovery these cell divisions went
unobserved, although we now know they must have been
there to be observed in many of the samples examined
through a micrescope. Michael Polanyi (1973, p. 101) de-
scribes the changes in a medical student’s perceptual experi-
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ence when he is taught to make a diagnosis by inspecting an
X-ray picture,

Think of a medical student attending a course in the X-ray 7

diagnosis of pulmonary diseases. He watches, in a darkened room,
shadowy traces on a fluorescent screen placed against a patient’s
chest, and hears the radiologist commenting to his assistants, in
technical language, on the significant features of these shadows.
At first, the student is completely puzzled, For he can see in the
X-ray picture of a chest only the shadows of the heart and rihs,
with a few spidery blotches between them, The experts seem to
be romancing about figments of their imagination; he can see
nothing that they are talking about. Then, as he goes on listening
for a few weeks, locking carefully at ever-new pictures of different
cases, a tentative understanding will dawn on him; he will gradu:-
ally forget about the ribs 4nd begin to see the lungs. And eventu-

ally, if he perseveres intelligently, a rich panorama of significant

details will be revealed to him; of physiological variations and
pathological changes, of scars, of chronic infections and signs of
acute disease. He has entered a new world. He still sees only a
fraction of what the experts can see, but the pictures are defi-

nitely making sense now and so do most of the comments made
on them,

The experienced and skilled observer does not have per-
ceptual experiences identical to those of the untrained novice
when the two confront the same situation. This clashes with
a literal understanding of the claim that perceptions are
given in a straightforward way via the senses.

A common response to the claim that I am making about
observation, supported by the kinds of examples I have util-
ised, is that observers viewing the same scene from the same
place see the same thing but interpret what they see differ-
ently. I wish to dispute this. As far as perception is concerned,
the only things with which an observer has direct and imme-
diate contact are his or her experiences. These experiences
are not uniquely given and unchanging but vary with the
knowledge and expectations possessed by the observer. What
is uniquely given by the physical situation, I am prepared to
admit, is the image on the retina of an observer, but an
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. observer does not have direct perceptual contact with that-
image. When defenders of the common view assume that

there is something unique given to us in perception that can
be interpreted in various ways, they are assuming without
argument, and in spite of much evidence to the contrary, that

' the images on our retinas uniquely determine our perceptual

experiences. They are taking the camera analogy too far.

Having said all this, let me try to make clear what I t_:lo not
mean to be claiming in this section, lest I be taken to be
arguing for more than I intend to be. First, I am certainly not
claiming that the physical causes of the images on our retinas
have nothing to do with what we see. We cannot see just what
we like. However, although the images on our retinas form
part of the cause of what we see, another very important part
of the cause is the inner state of our minds or brains, which
will itself depend on our cultural upbringing, our knowledge
and our expectations, and will not be determined solely by the
physical properties of our eyes and the scene observed. Se.c—
ond, under a wide variety of circumstances, what we see in
various situations remains fairly stable. The dependence of
what we see on the state of our minds or brains is not so
sensitive as to make communication, and science, impossible.
Third, in all the examples quoted here, there is a sense in
which all ocbservers see the same thing. I accept and presup-
pose throughout this book that a single, unique, physical
world exists independently of observers. Hence, when a num-
ber of observers lock at a picture, a piece of appardtus, a
microscope slide or whatever, there is a sense in which they
are confronted by, lock at, and hence see, the same thing. But
it does not follow from this that they have identical perceptual
experiences. There is a very important sense in which they do
not see the same thing, and it is that latter sense on which I
base some of my queries concerning the view that facts are
unproblematically and directly given to observers through
the senses. To what extent this undermines the view that
facts adequate for science can be established by the senses
remains to be seen.
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Observable facts expressed as statements

In normal linguistic usage, the meaning of “fact” is ambigu-
ous. It can refer to a statement that expresses the fact and it
can also refer to the state of affairs referred to by such a
statement. For example, it is a fact that there are mountains
and craters on the moon. Here the fact can be taken as
referrmg to the mountains or craters themselves. Alterna-
tively, the statement “there are mountains and craters on the
moon” can be taken as constituting the fact. When it is
claimed that science is based on and derived from the facts,
it is clearly the latter interpretation that is appropriate.
Knowledge about the moon’s surface is not based on and

derived from mountains and craters but from factual state-

ments about mountains and craters.

As well as distinguishing facts, understood as statements,
from the states of affairs described by those statements, it is
also clearly necessary to distinguish statements of facts from
the perceptions that might occasion the acceptance of those
statements as facts. For example, it is undoubtedly the case
that when Darwin underwent his famous voyage on the
Beagle he encountered many novel species of plant and ani-
mal, and so was subject to a range of novel perceptual expe-
riences. However, he would have made no significant
contribution to science had he left it at that. [t was only when
he had formulated statements describing the novelties and
made them available to other scientists that he made a
‘significant contribution to biology. To the extent that the
voyage on the Beagle yielded novel facts from which an
evolutionary theory could be derived, or to which an evolu-
tionary theory could be related, it was statements that con-
stituted those facts. For those who wish to claim that
knowledge is derived from facts, they must have statements
m mind, and neither perceptions nor objects like mountains
and craters.

With this clarification behind us, let us return to the claims
{(a) to (c) about the nature of facts which concluded the first
section of this chapter Once we do so they immediately

Science as knowledge 11

become highly problematic as they stand. Given that the facts

that might constitute a suitable basis for science must be in

.the form of statements, the claim that facts are giv_en m a
. straightforward way via the senses begins to look quite mis-

conceived. For even if we set aside the difficulties highlighted
in the previous section, and assume that perceptions are
straightforwardly given in the act of seeing, it is clearly not
the case that statements describing observable states of af-
fairs (I will call them observation statements) are given to
observers via the senses. It is absurd to think that statements
of fact enter the brain by way of the senses.

Before an observer can formulate and assent to an obser-
vation statement, he or she must be in possession of the
appropriate conceptual framework and a knowledge of how
to appropriately apply it. That this is so becomes clear Wh.en
we contemplate the way in which a child learns to describe

- (that is, make factual statements about) the world. Think of
. a parent, teaching a child to recognise and describe apples.

The parent shows the child an apple, points to it, and gtt,ers
the word “apple”. The child soon learns to repeat the word
“apple” in imitation. Having mastered this particular accom-
plishment, perhaps on a later day the child encounters its

_sibling’s tennis ball, points and says “apple”. At this point the

parent intervenes to explain that the ball is not an apple,
demonstrating, for example, that one cannot bite it like an
apple. Further mistakes by the child, such as the identifica-
tion of a choko as an apple, will require somewhat imore

" elaborate explanations from the parent. By the time the child

can successfully say there is an apple present when there is
one, it has learnt quite a lot about apples. So it would seem
that it is a mistake to presume that we must first observe the

" facts about apples before deriving knowledge about them

from those facts, because the appropriate facts, formulated as
statements, presuppose quite a lot of knowledge about apples.

Let us move from talk of children to some examples that
are more relevant to our task of understanding science. Imag-
ine a skilled botanist accompanied by someone. like myself
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who is largely ignorant of botany taking part in a field trip
into the Australian bush, with the objective of collecting
observable facts about the native flora. It is undoubtedly the
case that the botanist will be capable of collecting facts that
are far more numerous and discerning than those [ am able
to observe and formulate, and the reason is clear. The botanist
has a more elaborate conceptual scheme to exploit than
myself, and that is because he or she knows more botany than
I do. A knowledge of botany is a prerequisite for the formula-
tion of the observation statements that might constitute its
factual basis.

Thus, the recording of observable facts requires more than
the reception of the stimuli, in the form of light rays, that
impinge on the eye. It requires the knowledge of the appro-
priate conceptual scheme and how to apply it. In this sense,
assumptions (a) and (b) cannot be accepted as they stand.
Statements of fact are not determined in a straightforward
way by sensual stimuli, and observation statements presup-
pose knowledge, 50 it cannot be the case that we first establish
the facts and then derive our knowledge from them.

Why should facts precede theory?

I'have taken as my starting point a rather extreme interpre-
tation of the claim that science is derived from the facts. I
have taken it to imply that the facts must be established prior
to the. derivation of scientific knowledge from them. First
establish the facts and then build your theory to fit them.
Both the fact that our perceptions depend to some extent on
our prior knowledge and hence on our state of preparedness
and our expectations (discussed earlier in the chapter) and
the fact that observation statements presuppose the appro-
priate conceptual framework (discussed in the previous sec-
tion) indicate that it is a demand that is impossible to live
up to. Indeed, once it is subject to a close inspection it is a
rather silly idea, so silly that I doubt if any serious philoso-
pher of science would wish to defend it. How can we establish
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significant facts about the world through observation if we do
not have some guidance as to what kind of knowledge we are
seeking or what problems we are trying to solve? In order to
make observations that might make a significant contribu-
Hon to botany, I need to know much botany to start with. What-.

“is more, the very idea that the adequacy of our scientific
- knowledge should be tested against the observable facts

would make no sense if, in proper science, the relevant facts
must always precede the knowledge that might be supported
by them. Qur search for relevant facts needs to be guided by
our current state of knowledge, which tells us, for example,
that measuring the ozone concentration at various locations

. in the atmosphere yields relevant facts, whereas measuring
- the average hair length of the youths in Sydney does not. So
‘let us drop the demand that the acquisition of facts should
_come before the formulation of the laws and theories that

constitute scientific knowledge, and see what we can salvage
of the idea that science is based on the facts once we have
done so.

According to our modified stand, we freely acknowledge

" that the formulation of observation statements presupposes

significant knowledge, and that the search for relevant ob-
servable facts in science is guided by that knowledge. Neither
acknowledgment necessarily undermines the claim that
knowledge has a factual basis established by observation. Let
us first take the point that the formulation of significant. -
observation statements presupposes knowledge of the appro-- E
priate conceptual framework. Here we note that the availabil-

ity of the conceptual resources for formulating observation
statements is one thing. The truth or falsity of those state-

ments is another. Looking at my solid state physics textbook,

1 can extract two observation statements, “the crystal struc-

ture of diamond has inversion symmetry” and “in a crystal of

* zinc sulphide there are four molecules per unit cell”. A degree

.of knowledge about crystal structures and how they are
haracterised is necessary for the formulation and under-
ianding of these statements. But even if you do not have that
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knowledge, you will be able to recognise that there are other,
similar, statements that can be formulated using the same
terms, statements such as “the crystal structure of diamond
does not have inversion symmetry” and “the crystal of dia-
mond has four molecules per unit cell”. All of these statements
are observation statements in the sense that once one has
mastered the appropriate observational techniques their
truth or falsity can be established by observation. When this
is done, only the statements I extracted from my textbook are
confirmed by observation, while the alternatives constructed
from them are refuted. This illustrates the point that the fact
that knowledge is necessary for the formulation of significant
observation statements still leaves open the question of which
of the statements so formulated are borne out by observation
and which are not. Consequently, the idea that knowledge
should be based on facts that are confirmed by observation is

not undermined by the recognition that the formulation of the

statements describing those facts are knowledge-dependent.
There is only a problem if one sticks to the silly demand that
the confirmation of facts relevant to some body of knowledge
should precede the acquisition of any knowledge.

The idea that scientific knowledge should be based on facts
established by observation need not be undermined, then, by
the acknowledgment that the search for and formulation of
those facts are knowledge-dependent. Ifthe truth or falsity of
observation statements can be gstablished in a direct way by
observation, then, irrespective of the way in which those
statements came to be formulated, it would seem that the
observation statements confirmed in this way provide us with
a significant factual basis for scientific knowledge.

The fallibility of observation statements

We have made some headway in our search for a charac-
terisation of the observational base of science, but we are not
out of trouble yet. In the previous section our analysis presup-
posed that the truth or otherwise of observation statements
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‘can be securely established by observation in an unproblem-

atic way. But is such a presupposition legitimate? We have
already seen ways in which problems can arise from the fact
that different observers do not necessarily have the same

perceptions when viewing the same scene, and this can lead

to disagreements about what the observable states of affairs
are. The significance of this point for science is borne out by
well-documented cases in the history of science, such as the

~ dispute about whether or not the effects of so-called N-rays

are observable, described by Nye (1980), and the disagree-
ment between Sydney and Cambridge astronomers over what
the observable facts were in the early years of radio astron-

* omy, as described by Edge and Mulkay (1976). We have as yet

gaid little to show how a secure observational basis for science
can be established in the face of such difficulties. Further
difficulties concerning the reliability of the observational
basis of science arise from some of the ways in which judg-
ments about the adequacy of observation statements draw on
presupposed knowledge in a way that renders those judg-
ments fallible. I will illustrate this with examples.

Aristotle included fire among the four elements of which
all terrestrial objects are made. The assumption that fire is a
distinctive substance, albeit a very light one, persisted for
hundreds of years, and it took modern chemistry to thor-
oughly undermine it. Those who worked with this presuppo-

sition considered themselves to be observing fire directly .

when watching flames rise into the air, so that for them “the

fire ascended” is an observation statement that was fre-
quently borne out by direct observation. We now reject such
observation statements. The point is that if the knowledge
that provides the categories we use to describe our observa-
tions is defective, the observation statements that presuppose
those categories are similarly defective. '
My second example concerns the realisation, established
in the sixteenth and seventeenth centuries, that the earth

_moves, spinning on its axis and orbiting the sun. Prior to the

circumstances that made this realisation possible, it can be
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said that the statement “the earth is stationary” was a fact
confirmed by observation. After all, one cannot see or feel it
move, and if we jump in the air, the earth does not spin away
beneath us. We, from a2 modern perspective, know that the
observation statement in question is false in spite of these
appearances. We understand inertia, and know that if we are
moving in a horizontal direction at over one hundred metres
per second because the earth is spinning, there is no reason
why that should change when we jump in the air. It takes.a
force to change speed, and, in our example, there are no
horizontal forces acting. So we retain the horizontal speed we
share with the earth’s surface and land where we took off.
“The earth is stationary” is not established by the observable
evidence in the way it was once thought to be. But to fully
appreciate why this is so, we need to understand inertia. That
understanding was a seventeenth-century innovation. We
have an example thatillustrates a way in which the judgment
of the truth or otherwise of an observation statement depends
on the knowledge that forms the background against which
the judgment is,made. It would seem that the scientific
revolution involved not just a progressive transformation of
scientific theory, but also a transformation in what were
considered to be the observable facts!

This last point is further illustrated by my third example.
It concerns the sizes of the planets Venus and Mars as viewed

from earth during the course of the year. It is a consequence ™~

of Copernicus’s suggestion that the earth circulates the sun,
in an orbit outside that of Venus and inside that of Mars, that
the apparent size of both Venus and Mars should change
appreciably during the course of the year. This is because
when the earth is around the same side of the sun as one of
those planets it is relatively close to it, whereas when it is on
the opposite side of the sun to one of them it is relatively
distant from it. When the matter is considered quantifatively,
as it can be within Copernicus’s own version of his theory, the
effect is a sizeable one, with a predicted change in apparent
diameter by a factor of about eight in the case of Mars and
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about six in the case of Venus. However, when the planets are
observed carefully with the naked eye, no change in size can
be detected for Venus, and Mars changes in size by no more
than a factor of two, So the observation statement “the appar-

ent size of Venus does not change size during the course of the -

year” was straightforwardly confirmed, and was referred to
in the Preface to Copernicus’s On the Revolutions of the
Heavenly Spheres as a fact confirmed “by all the experience
of the ages” (Duncan, 1976, p. 22). Osiander, who was the
author of the Preface in question, was so impressed by the
clash between the consequences of the Copernican theory and
our “observable fact” that he used it to-argue that the Coper-
nican theory should not be taken literally. We now know that
the naked-eye observations of planetary sizes are deceptive,
and that the eye is a very unreliable device for gauging the
size of small light sources against a dark background. But it
took (Galileo to point this out and to show how the predicted
change in size can be clearly discerned if Venus and Mars are
viewed through a telescope. Here we have a clear example of
the correction of a mistake about the observable facts made
possible by improved knowledge and technology. In itself the
example is unremarkable and non-mystericus. But it does
show that any view to the effect that scientific knowledge is
based on the facts acquired by observation must allow that
-the facts as well as the knowledge are fallible and subject to

correction and that scientific knowledge and the facts on- -

_which it might be said to be based are interdependent.
The intuition that I intended to capture with my slogan
“science ig derived from the facts” was that scientific know]-
: edge has a special status in part because it is founded on a
secure basis, solid facts firmly established by observation.
Some of the considerations of this chapter pose a threat to.
this comfortable view. One difficulty concerns the extent to
which perceptions are influenced by the background and
-expectations of the observer, so that what appears to be an
observahle fact for one need not be for another. The second
source of difficulty stems from the extent to which judgments

“

-
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about the truth of observation statements depend on what is
already known or assumed, thus rendering the observable
facts as fallible as the presuppositions underlying them. Both
ki.nds_ of difficulty suggest that maybe the observable basis
for science is not as straightforward and secure as is widely
and traditionally supposed. In the next chapter I try to
mitigate these fears to some extent by considering the nature
of observation, especially as it is employed in science, in a

more d.}scermng way than has been involved in our discussion
up until now.

Furtiher reading

For _a\_cla.ssic discussion of how knowledge is seen by an
empiricist as derived from what is delivered to the mind via
the senses, see Locke (1967), and by a logical positivist, see
Aye_r.(il940). Hanfling (1981) is an introduction to loé'ical
3051t1wsm generally, including its account of the observa-
tional basis of science. A challenge to these views at the level
of perception is Hanson (1958, chapter 1). Useful discussions
of the whole issue are to be foundin Brown (1977) and Barnes

Bloor and Henry (1996, chapters 1-3). ,

CHAPTER 2

Observation as practical intervention

Observation: passive and private or active and
public?

A common way in which observation is understood by arange
of philosophers is to see it as a passive, private affair. It is
passive insofar as it is presumed that when seeing, for exam-
ple, we simply open and direct our eyes, let the information

. flow in, and record what is there to be seen. It is the perception
© itself in the mind or brain of the-observer that is taken to

directly validate the fact, which may be “there is a red tomato

* in front of me” for example. Ifit is understood in this way, then

the establishment of observable facts is a very private affair.
Tt is accomplished by the individual closely attending to what
is presented to him or her in the act of perception. Since two
observers do not have access to each other’s perceptions, there
is no way they can enter into a dialogue about the validity of
the facts they are presumed to establish.

~ This view of perception or observation, as passive and
private, is totally inadequate, and does not give an accurate
account of perception in everyday life, let alone science.
Everyday observation is far from passive. There are a range

- of things that are done, many of them automatically and

perhaps unconsciously, to establish the validity of a percep-
tion. In the act of secing we scan objects, move our heads to
test for expected changes in the observed scene and so on. If
we are not sure whether a scene viewed through a window is
something out of the window or a reflection in the window, we
can move our heads to check for the effect this has on the
direction in which the scene is visible. It is a general point
that if for any reason we doubt the validity of what seems to

. be the case on the basis of our perceptions, there are various

actions we can take to remove the problem. If, in the example
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fith what ' assignment is due. If you find yourself getting lost, make a note of where you
: got lost and why before going to someone for help. :

ns between : Something else that you can do to, aid your learning is to make use of

e keys to available support and resources. The electronic media ‘accompanying this

Chapters : bock provide helpful materials in addition to the questions and problems at

able from the end of major sections and chapters. First, there are data-files corresponding

aapter 10 to the appropriate problems and most of the main examples. These are in

1 research SPSS, Excel, and ASCII formalts, so they should be readable by most statistics
| packages.

Second, there is a suite of tutorial modules collectively called StatPatch and

Demaos, and you will see references to them throughout this boeck. StatPatch is a

~'mix of exploratery and problem-generating modules designed to build under-

arovides a

standing and intuition in statistics. Demos is a collection of Excel workbooks,
serving much the same purposes. One advantage that they have over textbook
. problems is that these modules generate infinitely many problems as well as
providing immediate feedback, so you can learn at your own pace and have as

it whether
1e pace of

Rwrdlze " much practice or exploration as you wish.

ithe Latics Finally, I maintain a website associated with this book. It may be found at
erstanding  http://psy.anu.edu.au/staffimike/Statbook/TOC.html. It has links to other
s and your e ‘sites and helpful resources for psychology students studying statistics and
his is most -+ research methods. While T would have liked to include web addresses in the
s and uses . * book, I decided not to, mainly Because many addresses change fairly often and
1d concep- _ new resources appear all the time. You are more likely to obtain the latest sites
nd how to ~ “and correct addresses if I maintain them on the web.
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E_tths to knowledge or belief

Researchers are sometimes called ‘knowledge workers.” This phrase suggests
~that their main contributive goals are adding to what we know or believe

mething in “about the world, and correcting erroneous beliefs. Since man A;ychologists
there is no nd other kinds of researchers claim to be using ‘scientific riethods® in their
n language ursuit of knowledge, it is worthwhile briefly considering Avhat they mean by
the samie is : hiS claim and how scientific methods are related to and distinguished from
as v ~ch as: ther ways of acquiring knowledge..

len’ yo'u are. The following list is not exhaustive, nor is it the only possible list of different

thods of knowledge acquisition. It is partly based on debates in the philo-
ophy and sociology of science over whether science is an institution that is
: ly’ distinguishable from other institutions, and whether it has a- defensible
laim to superiority over those other institutions in getting us closer to truth or
ven reducing untruth. Fascinating as those debates are, we will not go into
em here, Instead, the intention is to provide a rough guide to various paths
nowledge and belief, including scientific research:
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DEFINITION

ot DEFINITION

Personal (first-hand) experience
Authority and/or consensus
Intuition

Commuon sense and tradition
Rationalism and reasoning
Scientific methods

Personal experience encompasses events that we describe with phrases
such as ‘I saw it with my own eyes’ or ‘hands-on.’ For many people, first-hand
personal experience is synonymous with reality-testing. It is virtually impos-
sible for us to see ourselves holding false beliefs here and now; the best we can
do is to realize retrospectively that we once held a belief that we now consider
false. This ‘blind-spot’ points towards one of the main drawbacks to reliance
on personal experience, namely that without adequate precautions and com-
parisons with others’ experiences, we may easily be led astray.

For one thing, personal experiences are necessarily very circumscribed and
may not even comprise a representative sampling of the totality of experi-
ences. Our experiences of blind people, avalanches, dugongs, and snowflakes
encompass only a tiny and unrepresentative fraction of the blind people,
avalanches, dugongs, and snowflakes to be found anywhere and for all
time. Nevertheless, we sometimes overgeneralize on the basis of our experi-
ences, as in making inferences to the entire population of dugongs from the
only one we ever saw.

Worse still, we may be deluded or fall prey to illusions in our own experi-
ences. You undoubtedly already know that your senses (sight, for instance) can
be fooled by a magician or an optical illusion. We suffer from cognitive illu-
sions as well, some of which we will become acquainted with in this book.

Personal experience is nevertheless a crucial component of any scientific
method, because scientific methods are grounded in empiricism, Empirical
methods are those based on first-hand experiences of the world, so personal
experience is a necessary component of those methods. Empiricism is a
doctrine that ascribes superior truth-status to things that have been directly
observed or manipulated over things that cannot be observed or manipulated.
Most scientists are empiricists of one kind or another.

There are prescriptions in the scientific versions of personal experience that
distinguish them from the usual versions. Most importantly, a scientist is
supposed to adopt a stance of impartiality (or disinterestedness) towards
all competing opinions or theories, inctuding their own. That does not mean
they cannot Fave values or pet ideas, although many writers confuse imparti-
ality with the notion of being value-free (whereupon they rightly contend that

no one is value-free and then wrongly conclude that scientists cannot adopt an
impartial stance). It does mean that a scientist should take precautions in their
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research so that someone with different values and opinions could repeat their
investigations and arrive at the same conclusions. An experiment set up so that
the experimenter is ‘blinded” with regald to which subjects have been a331gned
to which treatment condition is an example of such a precaution. Another
example is designing a study expressly for investigating conditions under
which the scientist’s theory should fail if it is incorrect.

In direct contrast with personal experience, using authority or consen-
sus as a path to knowledge entails relying on second- or third-hand accounts
of others’ experiences. Authorities are sources with high status in our eyes.
Parents, teachers, scientific experts, and religious leaders are examples of
anthorities. So are encyclopedias, scientific journals, television news pro-
grams, and computer programs. When every relevant authority agrees on
a proposition (e.g., ‘the world is round, not flat’), we have a consensus that
makes that proposition appear indubitable. It is not difficult to see that the
vast majority of what we think we know is based on appeals to authority
and/or consensus.

- Authorities can, of course, be wrong. A Dean of the Harvard Medical
School was renowned for declaring to incoming first-year students that before
they graduated they would have to commit some 40,000 ‘facts’ to memory.
-Within 10 years of their graduation, about half of those *facts’ would be shown
- to'be wrong. Unfortunately, he was fond of concluding, we never know which
~ half. We have no way of knowing which of today’s authoritatively established
- truths will become tomorrow’s laughingstock. Moreover, the greater the
-authoritative consensus behind a belief, the less likely anyone will buck the
- -tide to find out whether it is wrong after all. '
. Scientific methods rely on appeals to authority, and agreement among
relevant authorities is a legitimate goal in scientific work. All scientists are
~members of one or more scientific communities and none of them remain
uninfluenced by those communities. Scientific communities have norms and
- institutions that many have argued make them less likely than other commun-
~ities to fall prey to a misleading authoritative consensus. A norm means a
“usual or expected practice, rather like a custom. One of the most popular and
- also widely criticized lsts of scientific norms is Robert K. Merton’s (1973). 1
- have added one more to his original four {Honesty).

“Universalism: Research and theory are to be judged on their own merits,
-regardless of the scientist’s gender, ethnicity, creed, political afliliation, or
~-any other characteristic. Blind peer review of research papers is an example
~of this norm in action, since the authors of the paper and the reviewers are
~unknown to each other.

: .C.-)r'gaﬂizeci skepticism: All ideas and evidence should be carefully scru-
- timized and subjected to skeptical inquiry. No results or conclusions should

DEFINITION

DEFINITION
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bad place to end for scientific research. Moreover, psychology probably has
one of the most difficult relationships of any discipline with common sense. The
main reason for this is that most of us are pretty good common-sense psycho-
logists, at least within our own cultures. Otherwise, we céuld not make our
way through everyday life. In contrast, most of us are rather poor commeon-
sense chemists and very poor common-sense subatomic particle physicists.
Fortunately, we have little need to depend on our common sense in those
areas. We can leave them to experts.

Psychological research often is accused of not going any farther than com-
mon sense while taking much longer to get there. There are two lines of defense
against such accusations. One is that common sense contains mutually contra-

" dictory propositions that are not recognized as contradictory because people
“use them at different times. It is not difficult to think of opposing proverbs that
demonstrate this, for instance:

Look before you leap, vs. He who hesitates is lost.

Opposites attract, vs. Birds of a feather flock together.

Absence makes the heart grow fonder, vs. Out of sight, out of mind.
i\fIany hands make light the work, vs. Too many cooks spoil the broth.
Tt’s never too late to learn, vs. You can’t teach an old dog new tricks.
No one is an island, vs. We die alone.

~Haslam & McGarty (1998) make amusing and instructive use of the third pair
of proverbs to demonstrate how one might build up a research program to
- _investigate which one is correct under various conditions. The other line of
o defense refers back to scientific norms of organized skepticism and disinterest-
" edness, No matter how many people have endorsed a common-sensical asser-
_tion and no matter how long it has been believed, if it has not been properly
“tested then it is not scientific knowledge.
- Finally, we turn to rationality and reasoning. Rationality involves adher- DEFINITION
nce to a system of reasoning (usually standard logic). A popular view of
science and, to a greater extent, mathematics, is that it relies heavily on logical
-:lﬁéa_so_l_ling and thereby rationality. While scientific research does make use of
‘1 ic, logic is by no means sufficient on its own. Traditionally, rationality
along with rationalism) has been linked with knowledge and certainty.
Vhile ancient canons of rationality comprised substantive contents and told
ople what to believe, those versions were gradually supplanted by proced-
ral ‘and algorithmic prescriptions. Instead of directing people to specific
conclumons modern versions of rationality tell them how to reach conclusions.
;h Lis why most widely accepted versions of rationality boil down to some
of logical consistency and coherency.
_ What 1s rationalism? It amounts to faith that rationality is the ‘best’ guide DEFINITION
o ec1510n makmg Anything else (i.e., the nonrational, irrational, or anti-




Statistics with Confidence

rational) is considered to be worse. Rationalists are anti-Heraclitans, which
means they think there is sufficient regularity and stability in the universe for
us to learn generalizable lawlike properties of it. They share this view with
many empirical scientists (and much common-sense reasoning as well!). If we
do not have a learnable world in some minimal sense, then rationality has no
use. The usefulness of logical consistency assumes predictable, stationary rela-
tions among things in the real world. So does much scientific research. Some of
the debates about whether psychology can or should be a science hinge on just
this issue.

Where does statistics fit into all of this? Statistics is the offspring of a
liaison between empiricism and rationalism. Statistical techniques are
derived from general frameworks for understanding empiri(fal data, so stat-
istics and empirical research go hand-in-hand. Statistical models are based
on theories of probability that, in turn, have some rationalistic and math-
ematical foundations. The marriage of emnpiricism and rationalism has not
always been a peaceful one, and there are competing theories of statistics
and probability. The versions we will use in this book are the most popular
in psychology and work quite well under a wide range of conditions, but it

is always wise to bear in mind that they are not the only approaches that
could be used.
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Uncertainties in research

The phrase ‘psychological reséarch’ claims a large and diverse terrain, perhaps
" larger and more diverse than'at any time in the history of the discipline. Pick
500 psychologists at random, ask them to describe how they do their research,

and the answers will probably include experiments, surveys, case studies, in-

.depth interviews, ethnographies, test construction, discourse analysis, and

computer simulations. You might encounter some who are doing historical
or archival investigations, or even archeological studies.
At may seem as if there are no concepts or methods shared by all of these

approaches to studying human beings. There are certainly practitioners of

specific approaches who say that their approach has absolutely nothing in

-+ common with others. Nevertheless, there are good reasons to be suspicious
o '_.j_'_of this sort of territorial staterment and to think that researchers may share a
.- fesv common bonds after all.
o *“First, all researchers engage with the unknown in one sense or another. They
- _begi_n by claiming that there really is something new under the sun and they
are going to return from their voyaging to tell us something about it
-Accordingly, they grapple with uncertainties, trade in novelties, map
-uncharted seas, and make discoveries. For all researchers, ignorance and
uncertainty are both friend and foe, sometimes simultaneously. Without ignor-

ance or uncertainty, there is nothing new to discover and the research game is
over. In the grip of ignorance or uncertainty, however, the researcher 15
scldom in a position to demonstrate or prove anything conclusively. The
Physicist Richard Feynman captured this essential characteristic of scientific
Vo k 1n his 1955 address to the American National Academy of Science:

-3'_T1:16 scientist has a lot of experience with ignorance and doubt and uncer-
.'.-__ta‘mty., and this experience is of very great importance, 1 think. When a
- sctentist doesn’t know the answer to a problem, he is ignorant. When he has
¢ :a hunch as to what the result is, he is uncertain. And when he is pretty

SUMMARY
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darned sure of what the result is going to be, he is in some doubt. We have
found it of paramount importance that in order to progress we must recog-
nize the ignorance and leave room for doubt. Scientific knowledge is a body
of statements of varying degrees of certainty — some most unsure, some
nearly sure, none absolutely certain, (Feynman, 1988: 243)

Second, all researchers are members of one or more research communities.
These are collections of people who agree sufficiently with one another to be
able to share a conceptual framework, but whose discourse within that frame-
work is characterized by vigorous argument, disputation, and conflict. Like
ignorance, disagreement is both friend and foe to the researcher, Researchers
crave consensus, but only up to a point. Clomplete agreement is a disaster for
research, because no one is able to move outside the accepted way of thinking
and there is nothing genuinely creative going on. Disagreement, while essential
for motivating research, is often also agonizing for the researcher. Given the
stylistic conventions of the time, a medical researcher turned philosopher of
sctence, Ludwik Fleck, expressed this very well in 1935: ‘At the moment of
scientific genesis [discovery], the research worker personifies the totality of his
physical and intellectual ancestors and of all his friends and enemies. They
both promote and inhibit his search.” {Fleck, 1935/1979: 95.)

Third, all researchers make mistakes, both in their own eyes and the eyes of
others. Here again, error is friend and foe. Anyone who gets it right the very
first time really has learned nothing new. Making an error and realizing that it
1s an error are necessary components of any learning process, and therefore any
process of discovery or creation as well, Again, Fleck is right on the mark:
‘Discovery is thus inextricably interwoven with what is known as error. To
recognize a certain relation, many another relation must be misunderstood,
denied, or overlooked.” (Fleck, 1935/1979: 30.)

This does not mean, of course, that making any kind of mistake leads to
discovery or learning. It does mean that reluctance to take a step for fear of
making a misstep will surely impede discovery and learning. All researchers
strive against indoctrinated fears of failure, error, and ridicule, much of it
traceable to years of formal education that has rewarded them only for correct
answers to problems whose solutions already are known, We can always dream
of a system of education that does not penalize students for making mistakes!
On a slightly more sober note, we can reward ourselves and others for risking
productive and interesting mistakes, along with careful descriptions of them
and our current states of ignorance. The University of Arizona’s Medical
Curriculum on Ignorance (Kerwiri, 1993) is a salutary (and, alas, nearly
solitary} example of a curriculum that invites students to describe and study
not only knowledge but also what they don’t know, and sustains ignorance as
an object of study throughout their entire degree program,
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This book is about uncertainty in psychological research and some widely
shared methods for understanding and coping with it. It is also about how to

- make productive mistakes by taking strategic risks in designing and conduct-
ing research. That said, this book does not cover anythinglike the full gamut
“of research styles and techniques, the varieties of uncertainty, or their

sources. That would require many books. None the less, there are some
reasons behind the choices of research styles and uncertainties that inform

‘" this book’s core.

" To start with, we can place this book’s focus in the context of various kinds
of ignorance and uncertainty. The following list is adapted from Smithson
(1989) and divides ignorance into two major chunks:

. Types of ignorance and uncertainty

1. Distortion
" e Qualitative: Confusing one thing for another.
e Quantitative: Systematic inaccuracy.

- 2. Incompleteness

e Absence: Missing information.
o Uncertainty: Indeterminate information.
~ Probability and statistical uncertainty: Likelihood of an event.
- — Ambiguity or vagueness: Multiple possible meanings or a range of
- values.

R “The first chunk, distortion, is usually taken to be some kind of systematic
descriptive ervor. Its qualitative version consists of confusion, mistaking one

thing for something else (as in a misdiagnosis), and its quantitative version

.- consists of inaccuracy (as in a miscalibrated weighiug scale).

. "The second chunk, incompleteness, refers to information that is absent
(missing) or uncertain (indeterminate). Indeterminacy of information is then
subdivided into two categories: probabilistic and ambiguous or vague.

" “Ambiguity and vagueness refer to ways in which information can be blurry,
7 have multiple interpretations, or have shades and degrees of meaning.
7. Probability, on the other hand, refers to the likelihood that something will

happen.

o Psychological research {indeed, perhaps all research) necessarily traffics in
all of these kinds of ignorance and uncertainty. In psychology, problems of

distortion are usually the province of measurement and ascribing meaning to

- our observations. We will introduce some of the basic concepts of measurement
| ‘in Chapter 2, and discuss some issues concerning distortion in measurement
R there. Entire textbooks are devoted to measurement, however, and that is not

- the primary focus of this book (see Kaplan & Saccuzzo, 1989, on psychological

DEFINITIONS
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DEFINITION

testing and measurement, for example, or Foddy, 1993, on designing questions
for surveys and experiments).

Incompleteness, on the other hand, is mainly the province of data-analytic
techniques, particularly statistical techniques. Most of this book focuses
on incompleteness, especially probabilistic or statistical uncertainty. Un-
certainty is generally held to be more difficult to deal with than distortion,
and less likely to be eliminated even from the best research. However, uncer-
tainty can be described, sometimes quantified and estimated, and even
manipulated in the service of the researcher. In this book we will encounter
these three strategies for managing uncertainty many times.

Another viewpeint on uncertainty in research emerges once we distinguish
among the sources of uncertainty that become salient during the research
process. One way to understand this is to begin with a schematic guide to
that process. Like almost any schematic, the one in Figure 1.1 is oversimplified.
It begins with the researcher defining a topic and research goals, developing
questions and/or hypotheses, and then going on to design the study, collect
and analyze data, and finally interpreting the findings and revising what is
known about the topic on the basis of those findings.

The feedback loops indicated in this figure are not the only possible feed-
back effects, and to some extent the revisability of the earlier stages depends on
the kind of research being conducted and the norms of the research com-
munity involved. A rigorous experiment, for example, designed to test very
specific hypotheses, leaves little room for the resecarcher to revamp those
hypotheses in midstream. None the less, the feedback loops represent the
fact that the research process may not be a one~-way sequence but can involve
successive iterations, whereby the researcher oscillates between stages until
satisfied enough to move on. '

The six stages in this schematic also provide convenient labels for sources of -

uncertainty. Topical uncertainty, to begin with, concerns how the
researcher is to describe the object of their investigations. Consider psycholo-
gical research on affect or emotions. Are we studying emotional traits such as
temperament, or more temporary states like moods, or even briefer episodes?

Define topic
and goals k‘\
vt

Develop _ J—{ Design Collect, [ Analyze [¢ Interpret
questions’ [ swdy [™] data | data | findings/
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) w knowledge
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Are emotions best thought of as physiological, somatic, or socially based? What
daes the topic of emotions include and what does it exclude? Until we have at

" ]east tentative answers to questions such as these we cannot be sure about our

topic. <
pInvestigative uncertainty concerns research questions and hypotheses.
The kinds of questions that are sensible to ask about a topic are influenced to
some extent by prior views and assumptions about the topic. For instance, if
we assunie that emotions are primarily- products of physiological processes,
then the most obvious starting-point would include aiming at an accurate

‘description of the physiological concomitants of each distinct emotion. If, on

the other hand, we assume that emotions are mainly interpretive constructs

““that arise from social interactions, then inquiring about physioclogical states

and arousal would seem less relevant.
Methodological uncertainty refers to the design of the study and whether
it will suit our purposes, answer our questions, or test our hypotheses. This

....term is taken from Haslam & McGarty (1998, Ch, 11) but used somewhat

more broadly here. They distinguish between two kinds of methodological

uncertainty, whereas I will use three:

e Design uncertainty
e Internal uncertainty
e External uncertainty

- Design uncertainty concerns the overall method to be used in the study.

Should we set up an experiment? A survey? What about a qualitative field

- study? Internal uncertainty refers to whether the researcher can interpret
- the outcomes of the study correctly, and external uncertainty refers to

whether the study’s results can be generalized to other populations or settings.

. These concepts may seem quite abstract now, but they will become clearer in

the chapters to follow. For the present time, let’s consider a few examples of
research that has involved methodological uncertainty. -

One of the chief concerns for anyone using more than one method to study
something is that the methods might produce conflicting findings. Researchers

- must then sift through the studies and findings for possible explanations of the

differences among them. For example, self-report or ‘subjective’ measures may
differ from ‘objective’ indicators, as is often the case on topics such as risk or
quality of life. A researcher faced with this situation will attempt to weave an

- explanation for it into a general account of risk perception, or health conse-

quences of perceived versus objective quality of life. This explanation might
refer to how people’s perceptions and attitudes differ from so-called ‘objective’
measures, or to differences between the phenomena being studied, or even
effects of studying the same phenomenon in different ways.

. DEFINITION

DEFINITION

DEFINITIONS
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As an example of the latter case, in a study i which I was involved
(Smithson ef al.,, 1991} we found that survivors of suicide attempts were
much more likely to admit to consuming alcohol at the time of their attempt
if we asked them directly about it than if we left them to tell about the event in
their own words. Any reasonable attempt to explain this contrast would
require a theory of how people reconstruct such memories and then edit
them into narratives about themselves.

A much earlier example is Hovland’s (1959) review of the experimental
versus survey research evidence on attitude change subsequent to exposure
to a change-inducing message. He found that surveys were less likely to find
evidence of attitude change than experiments. He ascribed this divergence to a
tendency of the surveys to attract people who already favored the view advo-
cated by the message, the shorter time-intervals used in experimental studies,
and differences in the kinds of attitudinal issues used.

Sometimes the issues involved in comparing difterent methods may simply
be too complex or rescarchers may be too biased in their views for a resolution
to be achieved. Consider, for instance, the contrast between one group of
primarily quantitative studies of mental patients and another group of mainly
qualitative studies reviewed by Weinstein (1979) whose review is discussed at
Iength in Bryman’s (1988) textbook. The first group used structured survey
questionnaires with rating scales, multiple-choice questions, sentence-comple-
tion tests, and the like. For the most part, these studies reported that mental
patients had favorable attitudes towards their institutions, benefited from and
even enjoyed hospitalization. The qualitative studies, on the other hand, used
unstructured interviews with patients who in turn answered questions in their
own words, observation by researchers masquerading as patients, and observa-
tions on hospital wards. These studies consistently found evidence of debase-
ment and oppression by hospital authorities; and patients’ feelings of anxiety,
boredom, powerlessness, and betrayal.

Weinstein’s review provoked controversy over how best to account for these -

different findings. He found fault with the methodologies of the qualitative
studies. Critics of his review responded that Weinstein had tried to force a
comparison between two relatively noncomparable sets of studies. They
pointed to differences between the two groups on the admission status of the
patients, and whether patient experiences or patient attitudes and outcomes
were the object of investigation,

As Cook & Campbell {1979: 66) observe, relying on just one method to
stndy a pheromenon when we know little abont it lays the researcher open t0
accusations of ‘mono-method bias.” The challenge in using more than one
method is to do so in a strategic and even-handed fashion so that contrasting
findings suggest new avenues for research and ways of integrating the findings-
That way lies progress in any. field.
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. The major portion of this book is devoted to statistical uncertainty,

which is uncertainty related to the analysis and, to some extent, interpretation

o of data. Descriptive statistics characterize the data themselves, and so
descriptive uncertainty concerns those characterizatiohs. Suppose you

" pave taken an exam in a cognitive psychology class, and the instructor is
“about to distribute the exam results. Before doing so, she mentions that the

class average score was 64%. ITow well would this describe each student’s
score, including your own? The less variability in the scores, the closer the

- “average would be to describing individual students’ scoves.

Inferential statistics, on the other hand, are used for drawing conclusions

" about populations or underlying processes from the sample of data at hand.
‘Inferential uncertainty, therefore, arises when we are not sure what kinds of

B .st_atlstlcai inferences we can make from our data. I'or example, the instructor
b .might wonder whether your class has scored higher than last year’s class,
" whose average was only 59%. She would realize that the difference between
" clags averages of 59% and 64% might occur simply by chance, and she would

use inferential statistics to address that possibility.
Finally, interpretive uncertainty arises when, despite having good data

- and sound statistics, we are still unable to decide between competing inter-

prctations for what we have found. Suppose the instructor finds out that your
class probably did perform better on the exam than last year’s class. Is your

~class more intelligent? Did they work harder? Did she do a better job of
_ 'teachlng'r‘ Were the exams equivalent, or was this year’s cxam easier? These

~-are plausible alternative explanations for her findings, and she would want to
"“eliminate all but one of them if possible.

- Given all of these different sources of uncertainty, research might appear

.. to be a very daunting enterprise. Most research, however, does not deal
o Cwith all of them simultaneously. In fact, researchers routinely distinguish
. one kind of research undertaking from another in terms of which of these

uncertainties are being dealt with. The labels we will work with here are

‘exploratory,” ‘descriptive,” and ‘explanatory’ research {Neuman, 1997, also

uses these).

. Exploratory studies deal primarily with topical and investigative uncer-
- tainties. If we do not know anything about a topic, if little or nothing has been

written about it, then we need to refine our comprehension of it and develop

""Questions that may be used to guide future research. Until topical uncertainty
~has been reduced to some extent, little progress on the other sources of uncer-
- -tainty can be made. This is not to say that topical uncertainty must or can be
__'_COmpletely eliminated. Some of the most interesting topics in psychology,
- creativity and consciousness being two examples, still are quite vague aud

sharply disputed even though they are the objects of long-running mature
research programs.

DEFINITIONS

DEFINITION

DEFINITION

DEFINITION
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Descriptive studies focus mainly on investigative uncertainty, although
the research may also end up dealing with methodological and descriptive
statistical uncertainties. The goal of description is to provide an accurate
portrayal of the phenomena that leads to further questions, hypotheses,
and eventually explanations and theories. Developing a better way of
measuring anxiety would be a good example of a descriptive study.
Descriptions may be in either qualitative or quantitative form, and quite
often the résearcher will use this research to organize understanding of the
phenomena.

As you might already have imagined, some studies can be both explor-
atory and descriptive. In the mid-1980s I worked with a former stoma-
therapist nurse, Therese Turner, who wanted to do her Honours research
project on how colostomy patients managed their stigmatized condition in
everyday life after /theﬁr/operations, Since a colostomy entails rerouting the
colon so that it empties involuntarily into an external plastic bag instead of
via the rectum, people who have had a colostomy are often at risk of public
embarrassinent. A search of the literature at the time revealed almost no
relevar)-t/ studies, so she elected to conduct a descriptive study based on in-
dep K interviews of former colostomy patients, She began by asking them
what they thought were the major problems they faced and how they dealt

P “with them. The matters raised by these people in the interviews generated

further questions, and she returned to her informants for additional informa-
tion. In the end, their accounts provided many fruitful suggestions for future
research as well as advice that could be provided to such patients before and
after the operation,

Given a topic about which something is known and some descriptions of
it, we tend to wonder why it is so. In explanatory research, the principal
objects are reasons, causes, and interpretations. Explanatory studies there-
fore concentrate on statistical and interpretive uncertainties. They often test
hypotheses or theories. We conduct such studies when we already have a
good idea of the nature of our topic and what methods to use in studying
it. Experiments are perhaps the best examples of explanatory research,
because they require enough prior knowledge about a phenomenon to be
able to manipulate some aspects of it in order to observe the effects that
tollow.

A number of concepts and terms have been introduced in this section,
some of which may seem abstract and unfamiliar. If you can bear with it,
these ideas will become clearer dnd form the basis for a genuine overview of
psychological research that will stand you in good stead, not just for learning
the material in this book but for understanding the diverse kinds of research
throughout psychology.
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Quantifying and counting

Since statistics are closely allied to quantification and counting, we should
examine both of those practices before sailing off into areas where we take
them for granted. We will start with counting, since that is the more venerable
of the two and easier to conceptualize.

Counting assumes that the things being counted all belong to the same

category. Its main advantage over using words is obvious once we grant -

that assumption. Saying that ‘many’ people in the class are right-handed is
a nearly useless description compared to saying that 72 out of 83 are.
Moreover, we can perform arithmetic operations with counts that are
impossible with linguistic terms. Numbers and mathematics are not arbi-
trary social conventions. They have been successful because they help us
think more clearly about certain things. To get a quick appreciation of this
assertion, try multiplying ‘three hundred and twenty-five by one hundred
and twelve’ versus 325 by 112, or try doing division with Roman numerals
(if you are curious about other counting systems, take a look at Barrow,
1992).

Before counting behaviors, manifestations of cognitive processes, or the like,
we need to be sure that they really do belong to the same category. For
instance, consider the act of choosing the correct alternative on a true—false
question in an exam. If we count the number of people who chose that
alternative, we are lumping together those who knew the answer and those
who happened to guess it. There may be no harm in counting how many got
the question right, but we would be mistaken if we went on to say that was the
number of people who knew the answer.

Quantification involves assigning numbers to distinguishable observations. .

While some concepts such as speed, duration, or length seem ‘naturally’ quan-
tifiable, many psychological concepts provoke debates over whether they are
quantifiable and if so, how best to quantify them. We will explore concepts in

this book that inform those debates. When it is successful, quantification has

much the same advantages as counting. It enables us to say not just that
change or differentiation has taken place, but Aow much of it has occurred.

There are some popular arguments against quantification and counting,
and we should examine them before moving on. One of the most pervasive
is that ‘reducing people to numbers’ is anti-humanistic. It degrades people by
ignoring their uniqueness as individuals. It is true that quantifying and count-
ing require ‘that we lump people together in some respects, thereby ignoring
unique features. All general descriptions and theories do this. However, careful
description and measurement never degrades anyone or anything. Also, words
can just as easily and far more tellingly debase people by distorting or glossing
over important characteristics.
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Another related argument is that many important, observabie things cannot
be quannﬁed Characteristics that are not quantifiable tend to be ignored or
d;scounted in favor of those that are quanmﬁed There is some truth to this
ament too, but the fault does not lie with quantlﬁcatlon itself. After all,
aven qualitative characteristics ultimately must be codified, summarized, and
counted once sufficiently many instances of them have been collected.
Problems about quantification arise mainly when numbers become separated

" from their contexts. Good researchers know that every numerical datum has a
context that needs to be considered before combining it with other numerical
~data, such as realizing when an EEG is showing ‘artifact’, that a rat went to
“gleep in the middle of a maze- running trial, or when a chﬂd is not paying

iention in a reaction-time task.
" A more general overview of the tradeoffs involved here might refer to ‘data

5 eduction’ versus ‘data enhancement” Ragin (1994: 92) provides slightly
U different terms, and aptly observes that data reduction enables a researcher
to see the big picture at the expense of attending to details, while data
7 ephancement provides surrounding contextual information about the data
that enables the researcher to better understand a particular case. Data
. reduction entails combining or truncating data. In order to perform either
_ ..__'f.operation, we must treat the data as if they are combinable or comparable,
e as if their qualitative differences are irrelevant. Data enhancement

"”cntails elaborating a set of data by dissecting it into components, or supplement-

:“'.i'ng it with related data. Data enhancement involves an assumption that each

“datum ts unique or distinctive in some relevant way that needs further

- explication.

-For instance, suppose we take weekly measurements of 100 people’s levels of

'_: self-esteem using a well-established self-esteem index that consists of 15 ques-
- tions, for a period of 11 weeks. An example of data reduction via combination
- would be averaging each person’s self-esteem scores over the 11-week period.

“An example of reduction by truncation would be to rank their scores from
- lowest to highest, and use the middle (6th-ranked) score as their “typical’ score,
- ignoring all the other scores above and below it.

-Likewise, an example of data enhancement via dissection would be break-

Ing each score into the responses people gave on every one of the 15 ques-
tions in the self-esteem index. Data enhancement via supplementation, on

the other hand, might consist of having people keep a diary of self-esteem-
influencing events that would then be listed along with their score for the
week (e.g., being reprimanded at work, or winning a ribbon in a local fun-
run). Another kind of supplementation would be asking people to record

their thoughts, feelings, and reasons for responding to the self-esteem ques-

tions, so that we have an elaboration of their accounts of the meanings
behind their responses.

DEFINITIONS
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Many of the statistical techniques covered in this book have been designed
to effectively condense or reduce data in various ways. In Chapter 3, for
example, we will explore various kiuds of summary statistics (such as the
average, or arithmetic meaun) that reduce a collection of scores to a few pieces
of information about the properties of those scores. Other techniques, mainly
those concerned with various ways of displaying data in graphs or tables,
involve data enhancement as well as reduction. Although Ragin (1994) is
oversimplifying somewhat, there is some truth in his claim that quantitative
research techniques are mostly data condensers.

The tradeoff between these two ways of treating data is fairly obvious.
Reducing large volumes of data to a few pieces of information is grist for
any scientist’s mill because it is compatible with the scientific goal of general-
izable explanations and theories. A general theory effectively tells us that we
may treat numerous specific cases as If they are essentially identical. When
appropriately and intelligently applied, data reduction can reveal hidden
order, regularity, or relationships among data in a powerful and even elegant
fashion. '

On the other hand, reducing means combining or truncating information
and therefore ignoring it. The researcher who condenses data thereby risks
ignoring important details or distinctions among particular cases. If taken
to extremes, data reduction techniques can ‘reduce people to numbers’ by
omitting crucial information about where the numbers come from or what
they mean. In a somewhat different sense of the word, Dennett (1994)
coined the term ‘greedy reductionism’ to refer to excessive reductionistic
ambitions. Researchers can sometimes get carried away by the power of
their data-reducing techniques, especially since the advent of computers. So
can consumers of research. A friend who 13 an analyst in a large govern-
ment department concerned with health and safety has repeatedly told me
that she is always under pressure from her superiors to ‘boil it down to one
number.’

Data enhancement provides ways of grounding information in context.
Even quantitative data may require data enhancement in order to be properly
understood. For example, consider the effect of an income increase of $100 per
week on someone with a $150 per week income versus someone whose income
is $10,000 per week. Or compare the student who has scored 70 on an exam
with 70 on both the ‘technical’ and ‘conceptual’ components, with another
student whose score of 70 is the average of 95 on the technical and 55 on the
conceptual-components. .

The disadvantages and pitfalls of data enhancement are twofold. First, the
rescarcher may become overwhelmed by elaboration and thereby unable to
see the forest for the trees, This is simply the opposite side of the reductionism
coin as outlined earlier,
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gecond, inappropriate or irrelevant contextual distinctions can mislead us
to separating data that should be combined. This is a2 somewhat subtler
point that the first one, but a simple example can illustrate it. Shoe-sizes are
jumbered according to different conventions in the U.S, than they are in

_ Australia. T wear a size 11 shoe if I purchase it in the U.S. but only a size 9
£ T buy it in Australia. A survey of shoe-sizes with samples from both Australia

and the U.S. would therefore require that we record where the respondent’s

- ghoes were purchased. However, if the survey were restricted to Australia, then

separating shoe-sizes by the state in which they were purchased would be

irrelevant.
When sbould we choose data reduction or data enhancement? There is no

simple answer. It depends on the researcher’s goals and what is already

known about the area, One strategy that is frequently used is to begin at
one extreme (either reduction or enhancement} and then work back towards
the other as far as is needed. To conclude this section, here is an example of
a debate that is frequently found in psychology, namely whether a psycho-

logical concept should have more than one dimension or not. The concept in

question is risk.

The editorial in a recent issue of the Royal Staiistical Society News {October
1998) bemoaned the fact that people choose their risks in an ‘irrational’ way.
According to the editor, people ‘refuse to engage in activities which have
known, but quite negligible, risks yet fearlessly participate in those whose
dangers are orders of magnitude greater’ (p. 1). He recounted the solution
put forward by the past president of the RSS, which was that a ‘Richter-type’
scale of risk be constructed whereby people could compare known risks in a
systematic way. A very similar proposal was made by the mathematician john
Allen Paulos in his book, Innumerasy (1988). Such a scale would be an example
of data reduction, siuce it would collapse all risk evaluation down to one

" dimension.

Eating a peanut-butter sandwich every day for one month, working in a

- coalmine for a few hours, and living next to a nuclear power plant for five

years all involve an increase in risk of death of about one in a million, so if we

- were weighing risks on just that basis, we should equally value these three. But

most of us do not. A large empirical research literature demonstrates that

~ people. percetve and evaluate risk along several dimensions. The list below
~-contains the influences on risk prefereuce identified in studies of risk perception

(Otway & von Winterfeldt, 1982):

Involuntariness of exposure to the risk.

Lack of personal control over outcomes.

Uncertainty about probabilities or consequences of exposure.
Lack of experience or familiarity with the risk.

J-PLA'J!‘O»—-A
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Difficulty in imagining consequences.
Delaved eflects.
Genetic effects.

0~ O n

Catastrophic size of consequences (either geographically or numbers of
people affected).
9, Benefits are not visible.
10. Benefits go to others but not oneself.
11. Human-caused rather than naturally caused.

The Richter-type risk scale does not provide a valid way of characterizing
people’s valuations of risk. It does, however, provide a worthwhile benchmark
against which to compare how people do evaluate risks, because it orders risks
along the continuum that we would use if probability of injury or death were our
only concern in risk assessment. Given a person who has accurate information
about such probabilities, we may use the Richter-type scale as a way of deter-
mining whether they are evaluating risks solely on the basis of probabilities. If
we find that their preferences for risks disagree with the rank-ordering of those
risks on the scale, then we know that we need to take more than just probabilities
into account when attempting to describe people’s risk preferences.

The moral to this example is that data reduction and enhancement can
work together in getting a start in an unknown area. The field of risk assess-
ment began with attempts to ‘reduce’ risk perception to a one-dimensional
scale and the failure of that simple model stimulated the search for additional
dimensions. This is an example of a pattern commonly encountered in scien-
tific research, namely beginning with a simple, reduced model and then com-
plicating it as necessary to fit the phenomena. The reverse process also can be
found in some areas, whereby researchers begin with elaborate data enhance-
ment and then systematically eliminate unnecessary features until they arrive
at a more parsimonious model.

Q1.1
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Questions and exercises

Which are examples of scientific, rationalistic, intuitive, and authoritative
niethods of gaining or creating knowledge?

(a) Using a voltmeter to see whether your torch battery is flat.
(b) Your doctor says you have dermatitis, and you decide that you have
dermatitis.
(¢} Figuring that because only dogs make barking sounds in your neighbor-
- hood, the source of the barking sound outside your front door is a dog.
(d) Even though you haven’t got a formal definition of creativity, you know it
when you see it.
(e) Looking up the meaning of an English word in the Oxford English
Dictionary.
(fj The curried chicken was too hot last week, so you try using one half-
teaspoon less Madras powder this time,

Give two examples of statistical descriptions.
Give two examples of statistical inferences.

Suppose a psychological researcher points out that everyone sees the same
distinct bands in the rainbow regardless of how they classify or name colors,
and uses this observation as an example of categorization that is independent
of culture. Another psychologist argues that this phenomenon is not categor-
fzation at all. What kind of uncertainty is involved here?

Give an argument for why happiness should be measured on a single scale, and
an argument for why it should be measured on two separate scales {(one
‘positive’ and the other ‘negative’).
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Observational and measurement strategies

Why should we concoct systematic strategies for observing or measuring any-
thing? There are at least four compelling reasons. First, all of us have only very
limited first-hand knowledge of anything about the world, including human
existence. The vast majority of what we think we know or believe is based
solely on second- and third-hand accounts by authorities such as parents,
teachers, and the media, Often, that is the best we can do. Nevertheless,
without first-hand experience, second- and third-hand accounts require us
to make assnmiptions about their truth-status. Even our own experiences are
sometimes of doubtful pedigree - all of us are potentially fallible observers and
recorders, to say nothing of memorizers, Moreover, onr first-hand experiences
are not just haphazardly constrained, but systematically truncated by social
conventions, rnatters of interpersonal attraction, and political and other
instrumental agendas. To gain a wider experience of what a representative
sample of people thinks, feels, or does is no small undertaking and requires far
more time, strategic work, and resources than most of us can bring to bear.
A second reason is that systematic measurement strategies and instruments
are ways of extending our senses. We cannot directly see electrical activity i
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the brain when someone is listening to music, but we can measure that activity
at least indirectly by using sensing and imaging techniques beyond our own

capacities. Likewise, we cannot hang around a temple for 500 years and count

the number of worshippers, but we can arrive at the scene 500 years after the
" temple was built and measure the wear on the steps at its entrance. Finally,
_while we do not have immediate access to any animal’s preferences for one

food over another, we may infer those preferences by watching which foods the
mal selects when it is given a choice.

A third reason for strategic measurement refers to the demands on our time
and attention. We cannot pay attention to everything, and we do not have
ruch time. Nevertheless, we may make some careful choices about what to pay

" attention to, how to set about it, and how much time to devote to it. Depending

on the researcher’s goals and theoretical orientations, some kinds of observation

* and measurement are more relevant, important, or probative than others.

Suppose you are investigating the mental processes involved in reading, and

* you are debating with your colleagues about whether the capacity to recognize
‘the meaning of a word operates independently of the capacity to recognize
" how it should sound. Then you should be very interested in finding people who
‘have suffered head traumas that have lelt one capability intact but not the

other, since that would unambiguously support the separate capacity theory.

‘Unfortunately for opponents of that theory, head-trauma victims who have

lost both capabilities do not provide unarguable support for their position.
Likewise, you should be more interested in native readers of languages such as
Chinese or Japanese, where the symbols representing meaning are sometimes

separate from those representing sound, than readers of languages such as

English, where the same symbols do both kinds of work.
- A fourth reason for strategic observation and measurement is overcoming or

- guarding against biases and hidden assumptions. At one time some peaple

claimed that scientific measurement could be freed of bias and uninfluenced
by values. These days, some people have gyrated to the opposite extreme of
claiming that all measurement is inherently biased and driven by researchers’
values, ideological orientations, and preconceptions. Neither of these positions
is true, and both invite intellectual laziness born of complacency in the first
case and nihilistic relativism in the second. A more viable position that also
gives us something to work with is that at least some biases can be identified
and many of those can be overcome, even though we must bear in mind that

" there probably is no infallible method for doing so. T'wo kinds of perennial

biases are those that direct our attention toward certain phenomena and away
from others, and those that compel us to explain certain events but not others.
One thing that makes these biases important is that they can entrap nearly
everyone regardless of their ideological orientation or even their motives for

i doing their research.
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We shall turn first to attentional biases. In 1986, the American space-shuttle
‘Challenger® exploded shortly after take-off, killing all on board. A key cause of
this tragedy was the failure of ‘O-rings’ that held the booster’s fuel tank to the
rest of the rocket. A post-hoc investigation revealed that these O-rings tended to
fail when the temperature outside the rocket fell below a certain level. Why
didn’t the highly trained engineers who designed and tested the rocket figure
this out beforehand? Tt turned out that they had considered the possibility that
the O-rings might be sensitive to temperature. They had even eéxamined the
relationship between the number of O-ring failures and temperature for all
previous space-shuttle flights when one or more O-rings had failed. What they
had omitted to do was check the temperatures involved with flights where n¢
O-rings failed. Had they done so, they would have seen that all those flights
had temperatures above a critical level.

This is an example of our predilection for being much better at detecting
the presence of something than its absence. We are greatly inclined to see
objects and not the spaces around them —~ indeed, a famous basic exercise for
beginning artists is to learn to see and draw those spaces — and we, along
with other animals, learn much better from a cue linked to the presénce of
something than a cue linked to an absence. Thus, a common mistake in early
medical and clinical psychological research was to focus exclusively on the
clinical cases instead of also studying people who did not have the clinical
condition.

Let us also consider a related bias that befalls even trained researchers.
Suppose each of the cards in Figure 2.1 has a number on one side and a letter
on the other, and someone tells you ‘If a card has a vowel on one side then it
has an even number on the other side.” Which of the cards must you tarn over
in order to decide whether the person is right? Try deciding which cards these
would be before reading on. ,

Now imagine that you ave a forensic criminal psychologist specializing in
serial murderers, and your experiences in the field have inspired a hypo-
thesis: ‘All serial murderers kill domestic pets before turning to killing
people.” If you were going to investigate whether this hypothesis is true,
which of the following kinds of people would be most important to incorp-
orate in your study? Try rank-ordering themn from first to fourth most
important, before reading on.

E K 4 7 [

FIGURE 2.1 Card Task
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Serial murderers

People who are not serial murderers
People who have killed pets

People who have not killed pets

If you are like most people, your response in the card task was to choose to
turn over E and 4. Relatively few people give the logically correct answer,
which is E and 7. The reason this answer is correct is that turning over the E
card will disconfirm the rule if you find an odd number on its other side, and
turning over the 7 will disconfirm the rule if you find a vowel on its other side.
The other two cards are not relevant, since the rule states ‘if vowel then even

—-number’ {and not, for instance, ‘if even number then vowel’). The card task

was first studied by Wason & Johnson-Laird in 1972 and is a classic example of
the confirmation bias, namely the tendency for people to attend to instances
that confirm their hypotheses or beliefs and ignore instances that might dis-
confirm them. Likewise, to rank pet-killers as more important to study than
people who have not killed pets would be to fall prey to this bias.

Now let’s briefly consider explanatory biases. Perhaps the most widespread
is what might be called the expectancy bias, whereby we feel compelled to
explain the unexpected but not the expected. Events that follow what we
believe is the ‘natural’ or ‘typical’ order do not seem to require explanation,
but ‘unnatural’ or ‘atypical’ ones do. Thus, we have seen many more studies of
the causes of homosexuality than of heterosexuality, and one of the reasons is
that a large and influential sector of Western societies perceives homosexuality

to be ‘unnatural’. Furthermore, we tend to think that atypical phenomena
require special explanations over and above those for typical phenomena.

Thus, from time to time people have proposed special theories of criminal
behavior or of psychological disorders that are largely separate from theories
of ordinary behavior or nonpathological psychology. The seductive nature of
explanatory biases owes a great deal to the fact that if any phenomenon is
merely what we expected it to be or what seems natural to us, then that is
because we already have a theory about that phenomenon. However com-
fortable with our theory we might be, we should be prepared to subject it to
as much rigorous testing as any other, and so we should be willing to in-
vestigate the ordinary, mundane, or expected along with their extraordinary
counterparts.

Basic concepts of measurement

Whenever we measure anything, it is reasonable to distinguish between the
record we make of this attivity and the thing we are measuring. The record
incorporates our measurements and any other relevant information; the thing
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we are measuring often is called a ‘construct.” A construct may be an abstract
concept such as verbal latency, information search strategy, anxiety, or appet-
ite; but it may also be something that is quite tangible, such as reaction time,
the trajectory of eye movement, galvanic skin response, or the amount of foad
consumed in a day. Some constructs, moreover, may serve as indicators of
other constructs so that by knowing about one construct we obtain informa-
tion about another. Thus, we might use reaction time as an indicator of
latency, eye movement to indicate something about information search strat-
egy, galvanic skin respouse to iudicate nervousness, or daily food consumption
to indicate appetite. Indicators that involve recording something about the
real world are often called operationalizations of their respective constructs,

and if we are convinced that one or more indicators truly represent everything
about a construct, then we claim that they measure that construct. These
two terms are important because they involve strong claims on the part of a
researcher. Anyone who says they have operationalized a construct is claiming
that they have a way of observing that construct’s real-world manifestations,
and if they further say they can measure the construct then they are claiming
access to the totality of its real-world manifestations.

A variable is an operationalization of a construct that can take on different
values or states for different people (or even for the same person on different
occasions). What is or is not a variable depends on the population being
studied. If we are studying a group of 10-year-olds’ reading ability, age is not
a variable in that study. But if we are studying reading ability in children from
an entire primary school, then age is a variable. Moreover, we must specify the
conditions under which the construct can vary. Some constructs may change
over time, or differ across people, or across situations for the same person.

As with most other aspects of research, deciding what will be treated as a
variable is a matter of judgment and may be controversial. Gender, for ex-
ample, is not a variable for most people during their lives, but it can be (trans-
sexuals are those whose gender has varied at least once). In most, but not all,

research on people it is sensible to treat gender as varying across people but not
over time for the same person. However, a current issue in the psychology of the
self is the extent to which an individual’s personality or self-concept can vary
throughout one’s lifetime or even fleetingly from ane situation to another.

All measurement strategies require the researcher to take at least some
theoretical stances and risks, because in the absence of any theory the
researcher has no idea what can or should be measured, let alone how to set
about it. If we think that personality is fnlly formed and constant throughoat
adulthood, then the idea of measuring personality traits makes good sense. OB
the other hand, if we think that personality changes from one situation to
another, the most we can hope for is to measure personality states at various
points in time.
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Measurement validity and error

Nearly every psychological perspective or theory incorporates stipulations of
what are valid ways of measuring psychological phenomena and what con-
stitutes measurement error, Measurement error occurs whenever measure-
ments are influenced by something other than what the researcher intends to
measure. Validity, on the other hand, is a general term denoting the extent to
which measurement is not contaminated by error. Researchers who use ran-
domized assignment in experimental studies or random sampling from popu-
lations distinguish between two kinds of measurement error. The first kind,
systematic error, refers to influences on measurement that contain regular-
ities and therefore bias the measurement outcomes. The second kiud, random
error, is not regular and therefore does not bias measurement outcomes, but
nevertheless renders them less precise,

As an example of systematic error, suppose we have a test of verbal intelli-
gence that is written in Russian. For those of us who do not read and write
Russian fluently, this test will systematically underestimate our verbal intelli-
gence. An example of random error would be a test of verbal intelligence in the
test-taker’s native language, comprising 25 questions randomly chosen from a

large bank of such questions. By luck of the draw, some of the 25 questions will

be easier than average and some will be more difficult, but the error in this
case Is distributed randomly throughout the test.

A related term that is often used in psychological research is reliability, the
extent to which measurement is free of random error. That is, a measure is
reliable if it produces the same result every time under identical conditions.
Although reliability and validity ‘might seem similar at first, they are not
synonymous at all, Our verbal intelligence test consisting of randomly chosen
questions may be valid but it will not be perfectly reliable because of random
error, On the other hand, we can have perfectly reliable measures that are
nevertheless invalid. A verbal intelligence test in Russian administered to
people who know no Russian at all will be very reliable, since each person
will get a low score no matter how many times they take the test without
learning more Russian in the meantime. No reasonable assessor would claim
such a test is a valid measure of verbal intelligence for those people.

There is a large variety of systematic errors that psychologists have to
contend with, and becaunse validity is such a huge topic, they often subdivide
it into several specific kinds of validity to be dealt with more or less separately.
We will discuss errors first, and then return to the different kinds of validity. In
their influential textbook, Rosenthal & Rosnow (1991) divide systematic
errors into those arising in such a way as to not affect the respondent’s
responses (which they call ‘noninteractional’) and those that do (‘interac-
tional’). Noninteractional errors usually are caused by the researcher or
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“example of a noninteractional expectancy effect is researchers who, when
" hand-timing rats’ progress through a maze, consistently click their stopwatches

" just before rats in one experimental condition reach the maze exit, but click

Variables and Measurement

33

meAasuring instrument, whereas interactional errors may be caused either

by the researcher, measuring instrument, or the respondent. The distinction is

because for noninteractional errors, the responses of the people

being studied may be wvalid and so only the researcher needs correcting;

. whereas interactional errors contaminate the responses themselves and are

usually more difficult to disentangle or correct.
Perhaps the most common kind of error arises from the researcher’s expecta-
s about how the findings ought to turn out. These expectancy effects,

their watches just after rats in another condition reach the exit. The result will

" pe erroncously fast times for the former rats and slow times for the latter. An
" example of an interactional expectancy effect is a medical researcher who is

friendlier, more optimistic, and more positive when admimstering a new
experimental drug to patients than when administering a placebo to the
control group patients. The patients in each condition might respond accord-

-~ ingly, and the resulting better outcomes for the experimental group will then
. reflect the researcher’s behavior toward them rather than just the effects of the

¢ drug or placebo.
- Another widespread kind of effect stems mainly from the respondent, and is
- sometimes called the good subject effect (Orne, 1962). People who partici-
- pate in experiments or surveys usually are aware of the fact that they are being
- studied, and often they try to anticipate what the researcher is trying to study,
'+ or what the hypotheses are. Many {but not all) respondents are obedient or
.+ altruistic, and may attempt to provide resecarchers what they are looking for.

These are adopting what Orne referred to as the ‘good subject’ role. A more
‘general notion along these lines is the concept of demand characteristics,
which refer to aspects of the tasks in a study that motivate respondents toward
_certain behaviors and away from others in ways that are extraneous to what is

. being measured. One important example of a demand characteristic is social
desirability, which usually arises when people are asked to make choices in a
- sctting where some choices clearly will make them seem nicer or better than
“others. Another demand characteristic that frequently occurs in survey

research is a bias toward positive {or negative) responses induced by present-

' ._ing the respondent with a list of questions whose response formats all point in
~the same direction.

“A number of strategies have been proposed for eliminating systematic errors
‘that arise from researchers andfor respondents, and the interested reader

will want to consult Rosenthal & Rosnow’s (1991) text and the works cited
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therein, Several of the most effective strategies boil down to unobtrusiveness
and blindness. Unobtrusive measures arc those that do not alert people
to the fact that they are being studied or measured, thereby minimizing the
likelihood that any respondent-driven errors will arise. Blindness means
keeping the people who run the experiment andfor the respondents parti-
cipating in it ignorant of the object of inquiry, of what experimental con-
ditions respondents are assigned to (e.g., which one is the drug and which
the placebo), and of the hypotheses — thereby minimizing expectancy
effects.

Let us return to validity. There are two key motives for identifying different
kinds of validity. First, measurements may be valid in some tespects but not
others, so it is incumbent on researchers to specify the way(s) in which their
measures are valid. Second, many important psychological constructs are so
indirectly observable or measurable that researchers can claim only quasi-
validity or something approximating validity. Much of the literature on
measurement validity distinguishes among three types: content validity,
criterion validity, and construct validity.

Content validity {sometimes also called ‘face validity’) is attained wlen
measurcments refer exclusively and exhaustively to the things that the
researcher intends to measure. Clearly this is a subjective claim, requiring
judgments by appropriate experts or informants. Researchers could claim to
have evidence for content validity in their battery of tests of artistic creativity,
for instance, if a panel of artists agreed that its contents referred to artistic
creativity as they understood it. The researchers’ claim would be stronger yet if
the panel of experts concurred that all aspects of artistic creativity were cap-
tured by the test battery.

Criterion validity is the degree to which a measure is corroborated by a
criterion that is known to be valid already. At first glance, this might seem silly
~ why bother to invent a new measure if we already have a valid one? The
most common teason is that an established valid measure may not be widely
usable for practical or ethical reasons. Nevertheless, it may serve as a criterion
against which to validate another measure that can be used widely.

In clinical psychology, diagnoses of psychological disorders by qualified
clinicians are often time-consuming, expensive, and even intrusive. A paper-
and-pencil test, on the other hand, 1s quick, inexpensive, and more private. A
game that incorporates the test tasks and elements may not only be quicker
and more pleasant, but even therapeutic! If the test yields the same diagnoses
for clients whose disorders have already been ascertained by clinicians, then
the test has shown criterion validity. Likewise, any aptitude or ability test may
be said to have criterion validity if it retrospectively distinguishes between
people who are known to perform well on tasks requiring the ability and
those who perform poorly.
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..Construct validity refers to whether one measurement relates to other
measurermnents in the ways that mirror the relationships among their respec-
tive underlying constructs. If two measures are supposedly alternative ways
of measuring the same construct, then they should correspond to one

“another (this is called convergent validity). Suppose, for example, that
" we have two tests of eye-hand coordination: throwing a ball at a target,
* - ind tracing a figure on paper while looking at it in a mirror. If both of
" these tasks are indicators of the same construct, then someone who gets
" ilose to the target in the ball-throwing task should take only a short time
...to complete the mirror-tracing task; and likewise someone who throws wide
of the target should also take a long time to trace the figure in the mirror.

-~ On the other hand, if two measures pertain to distinct constructs, then they
should not covary (this is called discriminant validity). If musical ahility
s distinct from mathematical ability, for instance, then not everyone who
" scores high on a music test of one should score high on a mathematical test.

'Sd a test of musical ability would be said to demonstrate discriminant

* “yalidity if people’s scores on it did not mimic their scores on a well-estab-
. lished test of mathematical ability.

Now, let us return at last to random error in measurement. This is the kind
of error that statistics handles, and we will deal with it at some length in this

" " bhook. Because random error is not systematic, we may still get reasonable
~estimates of ‘true’ measurements in the presence of random errors bhecause

they tend to cancel each other out in the long run. One way to put random

- ‘error in perspective with everything else we have discussed so far is to imagine
- -taking an examination on your knowledge of quantitative methods in psycho-
" logy after reading this book. No test is perfect, so this hypothetical exam might
-~ very well suffer from systematic error (such as being too difficult or too easy).

However, even if there were no systematic errors, your score on the test could

be influenced by a host of randomly occurring factors — be they illness, lapses
~In concentration, or lucky guessing on.some questions. So, il we were to
~.construct a miniature theory or model to account for your score on the
.exam, we would have to hypothesize that there is the score you should have

obtained given your knowledge and preparatory efforts, plus the influence of

- tandom error. That is,

Your Score = True Score + Random Frror.

If this model were accurate, then in a science-fiction universe where we could

erase your memory of having read this book and get you to start again, if we
did that over and over, your scores on the same exam should average out to
your True Score. We would be assessing what is called test-retest reliabil-

iy, vhlch 15 the extent to which a measurement gives the same result when
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repeated under identical conditions. As you may have surmised, test—retest
reliability may be ascertained only when tests or tasks are repeatable under
identical conditions. This requires that the respondent be able to forget the
previous occasion sufficiently that memory does not affect their current per-
formance, and that there be no effect from practice. :

Of course, no one can erase a person’s memory that selectively, but psycho-
logical testers can present people with a batch of approximately equivalent
items in a test, and obtain their average score on all of them. In a test of
ability, for instance, classical test theory assumes this model of a person’s score
on each Item:

Itermn Score=True Score + Random Error.

By coliecting a person’s scores on a large number of approximately equiva-
lent items, the tester obtains estimates of two things: the person’s true score,
and the items’ average departure from the estimated true score. The latter
indicates the test’s reliability, insofar as the smaller the average deviation away
from the true score the more reliable the test is as a whole. Methods for

assessing the reliability of an entire test-bank of items by analyzing the extent -

to which people score similarly on those items are said to be assessing internal
consistency reliability. '
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 Types of measurement and varieties of data

" \We have already seen that in most psychological perspectives, measuremenis
a_n_d_ observations are nol the same as the construct being measured or
" observed. Theories of measurement, therefore, are accounts of the imperfect
s correspondence between measurements or observations and the construct
itself. So far, we have concentrated mainly on the psychological aspects of
“measurement. Now we will borrow some useful concepts from the mathem-
“atical side.

“'Most of the mathematical aspects of measurement boil down to what
- Funtowicz & Ravetz (1990) call ‘craft skills with numbers.’ Measurement
~amounts to using symbols such as numbers to represent states or values of
.~ the construct being measured, so these skills include knowing how to use
- those symbols and numbers appropriately and meaningfully. For instance,
- ‘those people wearing digital watches who read out the time right down to
. the second are displaying craft ignorance about numbers if their watches are
 mot accurate to within one second (and they usually are nowhere nearly that
-accurate).

. Oune crucial, though risky, judgment that each of us as researchers must
~make is what we may presume about the relationships between our measure-

- ments and the constructs to which they pertain. Suppose we try to measure

- People’s knowledge about HTV by setting them a test with 100 multiple-choice
“. - questions designed by appropriately qualified experts on HIV. The test scores
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have a range from @ to 100 correct. At first glance, it might seem that we could
assume a perfect correspondence between their score and the amount of
knowledge they have about HIV. Were that the case, a statement such as ‘a
person who scores 80 is twice as knowledgeable as someone who scores 40
would be true. After all, 80 is twice 40. |

A bit of thought, however, should convince us otherwise. Even a 100-question-
test would be unlikely to include all relevant questions about HIV, So someone
who got a score of 0 might not be totally ignorant about this topic — they just
were not asked the ‘right questions.” If 0 does not correspond to total ignorance,
then 80 does not necessarily indicate twice as much knowledge as 40. Likewise,
someone who scores 100 does not necessarily know everything about HIV,

What about a statement such as ‘an increase in score from 80 to 100 indi-
cates the same increase in knowledge as an increase from 0 to 207’ Both are 20-
point gains in test score. Nevertheless, it might be more difficult to attain the
knowledge required to move from a score of 80 to 100 than that required to
move from 0 to 20. The statement would be plausible only if we were con-
vinced that the 100 questions were equally difficult. This example demon-
strates that 1t is quite possible to reduce an apparently fully quantified scale,
in the harsh light of honest examination, to a scale that merely indicates
whether someone knows more than someone else. It also underscores the
necessity of carefully investigating the measurement properties of any scale
before coming to conclusions about how it may be used.
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Discrete and continuous variables

One of the most fundamental properties of any variable is whether its domain
consists of distinct possible states or values, or a range of possible values.
Discrete variables can only take particular states or values and no others.
Gender is usually treated as a discrete variable with two states. An employee’s
rank in her or his organization’s hierarchy is a discrete variable with ordered
states, each corresponding to a particular rank. Many numerical variables are
discrete as well. Any counted variable is a discrete variable because it can only
have integer values such as 1, 5, or 23 (e.g., a family cannot have 2.3 children}.
The same is true of rank-order, as in the finishing order in a race — even taking
ties into account,

Continuous variables are those which (theoretically) could take any value
within their range. Weight, strength, agreement with an attitude, happiness,
and task motivation all are examples of continuous variables, because they are
not only matters of degree but in principle infinitely fine-grained. Some con-
fusion can arise from the fact that many variables are made discrete even
though their underlying constructs are continuous. A widespread example i
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the Likert scale of agreement or disagreement, as shown in Figure 2.2. The

cnderlying construct is degree of agreement or disagreement, even though .

there are only five possible values assoc1ated with the wvariable itself.

S 'Whgl eas discrete variables are acculately measurable in p11nc1pIe comtinuous
_-yariables can only ever be measured approximately (i.c., with limited preci-

In p1act1ce, therefore, all variables are rendered discrete because of

First, how we think of a construct in terms of variables influences how we

: tneat it statistically and what can be meaningfully said about it (hence the gibe

. sbout 2.3 children). A continuous variable can take any value in its range, so
~reporting fractional values (such as saying someone is 42.5 years old) may be

" meaningful. Second, in some areas of psychology the issue of whether a con-
+struct is inherently discrete or continuous constitutes a worthwhile topic in
" tself, Barly work in psychophysics, for example, addressed the issue of whether
" the sensation of intensity {as in loudness, brightness, or heaviness) was best
'::.._"__'._.rggarded as continuous or having discrete thresholds (see TLuce, 1997, for a

- thoughtful reminiscence concerning that research). Recent investigations of

- how people categarize things or think about categories have drawn psycho-

. logists to realize that people do so using both discrete and continuous (or

. *fuzzy’) heuristics (for an entertaining, brief, but informative exegesis on
i human category heuristics, see Pinker, 1997: 308-311}. Discrete categories
. are characterized by hard-and-fast rules about what is or is not a member

of that category, whereas fuzzy categories have blurry boundaries and are

““described in terms of prototypical members, key features, and family-like
- resemblances.

- :Likewise, some variables that once were assumed to be discrete have been’
7 “found to be continuous. Handedness is a good example. T write, draw, throw,
thr ead a needle, and use a hammer with my left hand, but I wield a racquet,
“bat, computer mouse, and use chopsticks with my right hand. Am I left-
7 handed or right-handed? T am not simply ambidextrous since in each of
_t_hose activities T have a definite preference for one hand over the other.
* These days most researchers use measures of handedness that permit degrees

. of preference for the left or right.

Finally, some of our most important social issues hinge on decisions about

" whether a variable should be thought of in discrete or continuous terms.
~~Racial or ethnic identity, employment status, gender, and sexual preference

.. Strongly ) . Strongly

disagree  Disagree Neutral Agree  apree

P |

Continuum of Agreement

FIGURE 2.2 Likert scale example
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are good examples of constructs that often are treated as if they are discrete for
certain political purposes and continuous for others. Political agendas may be
ubiquitous, but researchers must take responsibility, especially where politi-
cians and bureaucrats will not, for critically assessing the status of the vartables
they use in their investigations. In clinical psychology, many ‘pathologies’ are
treated as if they are discrete for diagnostic purposes (e.g., either you are
clinically depressed or you are not), even when the tests or scales used to
measure them use continuous variables. Educational institutions often do
the same — students either fail or they do not, regardless of whether they fail
by four points or 40. :

In summary, the issue of whether a construct is best thought of as discrete or
continuous is fundamental and often not casily settled. Luce’s (1997) retro-
spection on unresolved matters in mathematical psychology includes the dis-
creteness—continuity question, along with the issue of how to handle
uncertainty and vagueness, in his list of thorny problems. In the next section,
on levels of measurement, we will revisit this issue in the form of constructs that
seem fo be both categories and continuous scales at the same time.

Levels and types of measurement
Not only do we need to decide whether a variable is best thought of as discrete
or continuous, but also what level of measurement is involved. The main
reason for this is so that we may ascertain what constitutes meaningful or
appropriate uses of our data, and what kinds of questions may be answered
with those data. '

The conventional wisdom in psychological research is that there are four
levels of measurement:

¢ Nominal, in which a variable has categories or states that differ in kind but
not in order or degree;

® Ordinal, in which a variable has states or ranks that are ordered but whose
differences are not quantifiable;

o Interval, in which a variable has values on a scale whose differences are
quantifiable but which lacks a true zero-point; ‘

e Ratio, in which the differences are quantifiable and the scale has a true
Zero-point. ' ‘

Nominal variables are by definition discrete. The simplest kind is a binary
variable that has two categories; presence and absence. More complicated
nominal variables have more categories, and they may also have nested cat-
egories, i.¢., where one category contains others, We could classify the teachers
at a university according to which department or division they are in, which
would give us a nominal variable with departments as the categories. Suppose
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every department also is assigned to one faculty. Then departments are
B ed inside faculties, so the entire framework has two levels. We now have
ly where polig 0 “qominal variables, faculty and department, with the former containing
' he Jatter.
Clonstr ucting nominal variables is often more difficult than it seems. The
st important criteria to bear in mind are these:

_Ef}l@mtivgfzes_s: Do the categories cover all conceivable cases?

Ex'gfusimms‘ Are the categories unambiguously distinct, or do they overlap?
ppmpnﬂfﬂ specificity: Are the categories as fine-grained as they need to be,
wnhout belng hair-splitting?

‘hether they .f.zii

s (1997) ¢ In many research situations, it seems tempting or even practical to sacrifice
ncludes the dis exhaustlveness especially when we do not know all of the possible categories in
10w to hand] advance or when there are a great many of them. The most common method
he next section, 4 of truncating an undetermined or lengthy list of categories is to stick a catch-
F?OnSthtS tha all category at the end, labeled ‘Other’ or “Miscellanecus.” However, we take
time

<o risks in doing this. One is that the catch-all category will obscure import-
- ant differences among cases that it includes. The second risk arises when the
catch-all category is used as one of the alternatives that may be chosen by the
gpdndent in answering a question, and stems from what is called the ‘catch-
ali underestimation bias,” or CAUB (Fischhoff, Slovic & Lichtenstein, 1978).
This is a tendency for people to recall fewer instances or to underestimate the
ikelihood of the catch-all option in comparison with explicitly listed options.
“The issue of appropriate specificity is related to the CAUB problem. People
are more likely to recall events that are explicitly represented in a list of
alternatives than those that are not (Tversky & Koehler, 1994). Likewise,
mpacking a category into specific subcategories may remind people of pos-
'ibilities they have overlooked. Cionsequently, our ability to recall instances of
~ some category may be boosted by unpacking that category into subcategories.
‘or example if people are asked how many times they have been dishonest in
he past month, they will generally remember fewer instances than if you ask
- them how many times in the past month they have lied, stolen anything,
concealed anything from someone, led someone to believe something that
was not true, and so forth. However, the solution is not always to provide
exhaustive lists of specific alternatives. Instead, we need to take specificity into
‘actount when drawing inferences about people’s recollections of events,
espemally if we are comparing events or different studies.

~+-3ince many of the categories that humans use in natural language are
._fU_ZZy’ in the sense that they have blurry boundaries and overlap with one
- another, constructing exclusive categories is not always easy and may seem
.c'ontrived. Comnsider the difficulties involved in deciding whether a person’s
- death from a selfinflicted gunshot wound while under the influence of alcohol
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is a suicide, a self-injury without an intention to die, or an accident. Even if we
had a great deal of information about the person’s emotional state, thoughts,
and actions at the time, it is quite possible that we would still be undecided
about how to clagsify this event,

The problems of category exclusiveness and ensuring that there is one cat-
egory per case are related, but not identical. Exclusive categories are necessary
but not sufficient to ensure that there is one category per case. For instance, in
Huston ef al.’s {1981) study of who was likely to intervene in a violent crime
incident, the investigators classified respondents according to whether they
had received emergency training or not. The classification scheme they used
included first aid, life-saving, sell-defense, police, and medical. The potential
problem here is not that these categories overlap but that one person may have
received nore than one of these kinds of training,

Now let us turn to ordinal variables. Although it makes almost no differ-
ence in how we analyze ordinal data, there are two rather distinct ways of
thinking about these variables. One is in terms of ordinal categories, which are
ordered from lowest to highest. For example, the widely-used Likert-style
format indicating degree of agreement or disagreement with a statement is a
categorical ordinal scale because it places respondents in one of five ordered
categories: strongly agree, agree, undecided, disagree, or strongly disagree.
The other, more general way is in terms of rank-ordering cases from lowest
to highest, as in the finishing order of a race. The main reason for mentioning
this distinction now is to avoid confusion later on, since some statistical tech-
niques refer to values on an ordinal scale and others to ‘ranks.’

Ordinal variables (and their more quantifiable cousins) may be further
divided into bipolar and monopolar variables. The agree—disagree format
is an example of a bipolar variable, because it has two opposite ends with a
‘neutral’ midpoint. The so-called ‘bipolar personality disorder’ of manic
depression is an example of a bipolar construct, ranging from extreme
mania to extreme depression. Monopolar variables, on the other hand,
range from low to high on attributes that are unidirectional. A variable meas-
uring degree of anxiety that ranges from ‘low’ to ‘very high’ is an example of 2
monopolar variable.

Bipolar variables are very popular, but they are also more easily misused
than monopolar ones. First, the rescarcher must be sure that the opposite poles
really should be located on the one dimension and not separate dimensions.
There have been extensive debates in psychology over such issues as whether
happiness and unhappiness require separate monopolar rating scales, or
whether masculine—feminine is a bipolar or two-dimensional construct.
Second, the researcher should ensure that the midpoint on these scales has
only one meaning for respondents. It is possible for someone to place them-
selves at the midpoint of an agree—disagree scale because they have no opinion
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.n the issue concerned, or because they are in great conflict and therefore
: mbivalent about it, or because they are genuinely balanced between agree-
“ment and disagreement. If we anticipate getting two or more of these responses
i people, then we should provide separate response categories for them or
ﬁlter those responses out with a prlor questlon
7. All ordinal variables, whether monopolar or bipolar, must have an unam-
biguous and agreed-upon ordering of their response categories. For instance,
ina variable designed to measure level of satisfaction with a service, respon-
“{ents might not agree on the order among options that are too similar, such as
" ees0’ versus ‘adequate’ versus ‘satisfactory.’ Options with similar meanings
“should therefore be avoided when constructing these scales,
" Iikewise, specificity and vagueness may need to be taken into account.
Z_E;_{peumental studies of the meanings people attach to probability phrases
:such as ‘very likely’ of ‘low probability’ {(e.g., Wallsten ef al. 1986} have
" found that these phrases usually refer to a range of probabilitics, and the
i.an'ges may overlap and differ in width. A term such as ‘possible’ is so
“vague for many people that it encompasses probabilities from nearly 0 to
“nearly 1, so it is useless as a response option. The lesson to be learned here
is to try to ensure that response categories not only have distinct meanings but
" .are similar in their specificity.
- ‘Finally, the meanings of response categories may vary considerably with
"'.'_cc').ntext. ‘Very often’ could mean more than twice in one year when referring
0 earthquakes on the Australian East Coast but not in New Zealand, and
.certainly not when referring to how frequently citizens of either country brush
E._t.ht'il teeth. One way around this problem is to standardize and specify the
‘context by providing a reference frame and anchors.
= Suppose we want to evaluate the performance of public transport bus
.. drivers, and we are designing a queition to elicit customers’ perceptions of
- their driving performance. If we stmply ask them ‘How skillfial is X as a driver
_'on this Toute?” and request them to choose a response on an ordinal scale
_:_langmg from ‘very unskillful’ to ‘very skillful,” we will be unable to tell
what reference frame the passengers have used in answering this question.
“Skill, after all, may be judged with reference to:
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ask ‘Compared to other bus drivers you have known, how skillful is X asa
driver on this route?, and then incorporate anchors in the scale, such as ::

‘About average in skill’.or ‘Less skillful than any of them.’

The ordered categories in an ordinal scale usually denote differences in
magnitude or intensity, as in the illustrations thus far. Another kind of

ordering is cumulative or inclusive, so that someone who is described by one
category is also described by the categories that lie below it. For instance,
someone who has completed secondary schooling also has completed primary
schooling, but not vice versa. This kind of scale is called a Guttman scale,

although examples of them had been used before Guttman described their

properties in the 1940s. An example that commonly occurs in educational
psychology and testing generally is a scale composed of several questions that
differ in difficulty. People who answer a particular question correctly should
answer all the less difficult questions correctly too. This kind of scaling in

educational testing was further elaborated by Rasch in the 1960s and others

since then. :
By analyzing the response patterns to a set of items, a research may deter

mine whether they form a cumulative scale. We won’t plumb the details of -
that analysis here, but instead will settle for an appreciation of what is involved -

through a simple example. Imagine investigating people’s attitudes about
capital punishment, and asking them whether they would prefer that the
death penalty be legally available for various criminal offenses. If all of our
respondents believe that the death penalty should be available only for the
most serious crimes and if they also agree on which crimes in our list are more
serious than others, then we should be able to find a cumulative scaling pattern
in their responses. For illustration, consider this very short list: multiple homi-
cides, one homicide, multiple rapes. If our respondents agree that this list is
ordered from the most grave offense downward, then each should provide one

of response patterns 1-4 in Table 2.1. All of the other posszible patterns would

disconfirm the cumulative scaling hypothesis.

TABLE 2.1 Response patterns

Pattern > 1 homicide 1 homocide > 1 rape

1 No No No

2 Yes No No Confirm

3 Yes Yes No scaling

4 Yes Yes: Yes

5 No Yes Yes

6 Yes No Yes Disconfirm
7 No No Yes scaling

8 No Yes No
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skallful is X as 3

ometimes We would like to treat a construct as if it was both a scale and a
he scale, such 2 '

category at the same time. Many clinical diagnostic constructs have this prop-
"ér'ty' hecause they are matters of degree and therefore measurable by using
é&ilés. Depression is an example, bgcause. even though _ peoPle _may be
-dcijressed to a greater or lesser degree, certain alltoff. points on m(‘jlc.atlors of
& e'préssiOIT must be exceedc.:q bcf?r(? someone.ls dlag.nosed as. clinically
: depre_ssed- Under these conditions, it is worthwhile to think of ordinary sczfles
i cumujative way, by considering the set of people who score at least as high
s cach of the points on the scale. The further up the scale we go, the smaller
. '_.(ahd therefore more exclusive) the set of people we will find. As we move down
“the scale, we include more and more people. To distinguish this viewpoint
“from the Guttman scale, we may refer to it as the cumulative scale view-
- point. By way of illustration, suppose we ask 150 people to indicate their level
o of subjective fear of snakes on the five-point scale shown in the next table, and
" then we ask them to do the same for their fear of dogs. The number of
. responses in each category is displayed in the leftmost two columns.
" The right-hand columns with the boldfaced numbers redisplay the same
ipformation from a cumulative scale point of view. Each level is associated
*with a set of people who have scored at least as high as that level. For instance,
60 people have indicated that they fear dogs at least at a Moderate level. If'a
“specialist in phobias were to say that anyone who expressed at/lfeast a ‘severe’
" fear level was phobic, then we could immediately see that there are three times
as many snake phobics in this sample as dog phobics (75 vs. 25). In fact, at any
" level we care to choose, snake fear is a more inclusive phenomenon than dog fear,
*since the number of people whose snake fear is a certain level or higher is
multiple homi. “greater than the number of people whose dog fear is the saine level or higher.
that this kst is -+ 8o an advantage of the cumulative scale view is that we are able to treat fear as
d provide one - ifit is both a category and a scale, thereby enabling us to- address questions
patterns would 3§~ such as whether more people fear snakes than dogs.
. Finally, let us consider interval and ratio levels of measurement. We have
elready seen that an interval level of measurement requires that we have
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" Profound 25 5 25 . 5 at least Profound
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intervals between scale values that are quantifiable and therefore comparable,
Conventionally, the intervals are equal, which entails that they have a linear
relationship with their underlying construct. The percentage of questions a
student answers correctly on an exam, for instance, has this property if’ we
agree that the underlying construct is quantity of knowledge about the subject
matter of the exam and all of the questions are equally weighted.

The issue of whether we can ascertain when we have interval-level measure-
ment has provoked debates in many areas in psychology. A brief review of the
more common pitfalls in these debates may help you in your own research and
in critically assessing others’ efforts. First, it is not always clear that we can
establish whether there is a simple linear relationship between our constructs
and our measures. Revisiting our example of the percentage of correct exam
answers, someone could take a cumulative scale viewpoint and point out that
whereas 30 members of the class got at least 60% of the questions correct, 20
got 70% correct and only sevengot 80% correct. If instead of mere quantity of
correct answers, we consider difficulty as well, we might conclude that percen-
tage of correct questions is not linearly related to knowledge of (more difficult)
subject material after all. Likewise, as in the earlier HIV exam example, we
might want to investigate whether some questions are more difficult than
others.

It is also easy to confuse the properties of the numbers on a scale with the
scale’s measurement properties. A famous suggestion that dates from 1738
iltustrates this point quite well. The suggestion by Daniel Bernoulli hinges
on the observation that increasing a poverty-stricken person’s wealth by
$100 is much more highly valued by that person than increasing a billionatre’s
wealth by $100. People’s subjective valuation of money declines with increas-
ing wealth. Even though the monetary scale has equal intervals, it is not
linearly related to people’s subjective valuation and therefore as a measure of
subjective wtility, money does not provide an equal-interval measure.

The HIV examination example discussed earlier also highlighted a fre-
quently misunderstood distinction between having a zero on a scale and hav-
ing that zero correspond to a true zero in the construct. While there is nothing
wrong with saying that someone got no questions correct on an exam, we
usually cannot infer from this that they know nothing about the subject.
The same is true of many psychological scales, such as self-esteem or depres-
sion. Zero scores on such scales do not entitle us to conclude that someone has
no self-esteem or zero depression.

That saad, it'is also worth bearing in mind that some scales may have an
absolute zero and yet be ordinal, Psychological state and trait questionnaires
have legions of items whose response formats are something like ‘Never,

‘Rarely,” ‘Sometimes,” ‘Frequently.” Moreover, some counted data must be
}3 b q Y 3 .

coded in unequal intervals for practical or ethical reasons. A typical case 15
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S hestion about drug usage, in which a respondent is asked to indicate how
‘many times they have used a particular drug: ‘Never,” ‘Once,” 24 times,” and
@ ove than 4 times.” Neither of these scales has equal intervals, but both have

< 01
_tru'g_ Zerocs.

 How do researchers decide what level of measurement they can or should
ase? To some extent they tailor their variables to the hypotheses they want to
ést or the questions they want to answer. Many hypotheses and research
questions contain implicit assumptions or requirements about measurement.
‘A good researcher will figure out what these are before constructing a

surement instrument.
Some examples may help illustrate the issues involved. Suppose we

- are interested in whether women and men are differentially treated in the
__.__-._-:e'ng{necring profession. Here are some of the ways in which we might
" formulate hypotheses about this discrimination:

1. Women are underrepresented in engineering.

9. Female engincers tend to have lower status than male engineers.

3, Female engineers tend to earn less than male engineers.

.What kind of variable do we need for the first hypothesis? One thing we
" could do would be to compare the percentage of women in the labor force who

are engineers and compare that with the percentage of men in the labor force

.who are enginecrs. We could contrast that with similar comparisons in other
.. professions. In cither case, we just need a variable that measures whether an
~.employed person is an engineer or not, That is a nominal variable, since it has

two categories (Engineer, Not engineer) which are not ordered.

. The second hypothesis has a key concept, status.” Since there are higher

.and lower-status positions, we know that we must measure status at least at

~ the ordinal level. We would find that there are standard designations for

‘engineers’ occupational positions that distinguish between the lower and

P “higher levels in the profession. Or we might want to construct a measure
-2 ‘based on public perceptions of the status of engineers. That is all we need if

‘we want only to determine whether females occupy lower-status positions

‘than males.

Ifwe wanted to go further and ask *how much lower?’ then we would need
an interval- or ratio-level measure of status. Unfortunately, we would find
that engineer grades form only an ordinal-level scale. We would have to

. conclude that ‘how much lower? cannot be meaningfully addressed with

‘the measure of status available. The third hypothesis also requires only an

- ordinal scale for earnings. But in this case if we want to ask ‘how much less?’

Perhaps we can get an answer if we are willing to use salary as a measure of

*Status,
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Missing data, absent people, and the fallacy of false
precision

When data are only partly known or imprecise, there is an understandable - _
temptation to represent them as if they are nevertheless fully known and | ¢ to be e
precise. In the psychology of judgment under uncertainty, several researchers -
have studied what they call ‘ambiguity aversion’ (Ellsberg, 1961; Einhorn & -
Hogarth, 1985), which is a tendency for people to prefer precise information :
over imprecise information, even when imprecision is more realistic.
Ambiguity aversion has been found not only in hypothetical situations but -

data may bia
ant to ascer

also in gambles with real payoffs, and even after people are exposed to written - jtudi}.al;t{id}
arguments persuading them not to indulge if7it, : B tl &
Aversion to imprecision of any kind manifests itself at the institutional and 3. oras Tes
organizational levels as well. Some organizational agendas also promate illus- ° __Tsﬁayers -
The seconc

ory precision because it makes the organization appear to be in control and
more authoritative (Downs, 1966; Linnerooth, 1984). As the scientific policy :
analysts Funtowicz & Ravetz (1990: 11) point out, the ‘simplest, and still most |
common response of both the decision-makers and the public is to demand at
least the appearance of certainty. The scientific advisors are under severe
pressure to provide a single number, regardless of their private reservations.’

Unfortunately, once data are recorded as if they were precise, any further .
analysis of them will treat them as if they actually are precise. Sloppy estimates
will appear as if they are error-free. Forecasts or decisions based on them will
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bé::madﬁ with greater confidence than is warranted, and so on. I refer to this
o a5 the “fallacy of false pl‘"ecifuon’ (Smithsm.n, 1.990‘)‘ Avoidi.ng false precision
entails recording both qualitative ansi quantitative information about uncer-
..nty, including the likely canses of it, on a case-by-case basis.

Missing data may arise from a variety of causes, especially in the early stages
of a research project when measures are still being refined and data collection
methods are most error-prone. Many popular statistical packages designate
- 'ssing data with only one symbol, but this is often inadequate. The following
ist contains the most common reasons why data end up missing. Recording
the type and cause of missing data enables a researcher to ascertain whether
here is any pattern or regularity in missing data that might invalidate their

- measurements or conclusions,

Respondent refused to answer.
Question is not applicable to respondent.
Respondent did not understand the question or task.
Respondent’s answer does not fit any available categories.
Respondent’s answer varies among categories depending on circumstances.
o Respondent’s answer is incomprehensible.
of false : The data were lost or misrepresented.
:"Not only can data go missing, so can people. Participants in experiments
-may drop out before the conclusion of the study, potential respondents may
+ refuse to be'interviewed for a survey, and former patients may be impossible to
- track down for follow-up studies. Rather than ignoring these issues, patterns in
“missing data andjor missing people should be studied and understood. There
‘are at least two reasons for doing so. The most common reason is that missing
“:data may bias the findings of a study, and any conscientious researcher will
- want to ascertain whether that is a possibility. A typical example is a long-
. ‘itudinal study of cognitive impairment in elderly Japanese (Liang et al., 1996),
- In which the researchers found that although urban residents were more likely
- than rural residents to drop out of the study, the dropouts did not differ from
- the stayers in mental or physical health.
S The second reason for analyzing missing data patterns is that sometimes
. they may constitute an important research finding in themselves. For instance,
' - a social psychological study of gender solidarity in organizations, Fajak &
~ Haslam ( 1998) presented members of an organization’ with hypothetical or-
-ganizational charts in which people were identified b'y gender and position,
“and asked who should be promoted if a ‘position at a certain level became
- vacant, They analyzed the patterns of rgfusals to nominate a candidate, as part of
“the evidence of when a participant identified with or declined to identify
with their own gender.
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Statistics with Confidence

Q.2.1.

0.2.2.

Q.2.3.

Q.2.4.

Q.2.5.

Q.2.6.

Q,2.7.

Q.2.8.

Questions and exercises

In an educational psychological study, the amount of time each participant
spent reading the material in preparation for a test was recorded to measure
motivation. What is the construet in this study?

Give an example of systematic error in measurement. Give an example of
random error in measurement.

What kind of effect is likely to contaminate people’s responses to the following
question:

‘How much money did you donate to charities during that last financial
year?’ ' ' ‘

Why is having a rat run the same maze several times not a good assessment of
test—retest reliability? :

A well-known statistics textbook author was criticized for using the ‘number of
hairs on a goat’ as an example of a continuous variable. He corrected this
mistake in a later edition. Why was the criticism correct?

Which is true of the variable reaction-time, measured in milliseconds?

{a) It is continuous.

(b) It is discrete.

{(c) It has ordinal-level measurement,

(d) It has nominal-ievel measurement.
(e) Tt has interval-level measurement,

For what purpose(s) would your score on a statistics exam have interval:
level measurement? For what purpose(s) would it have ratio-level
measurement?

Which is true about ‘self-esteem as measured by how many out of 10 positively
worded statements about the self a person agrees with?’

(a) It1s continuous.

(b) It can never equal 0.

{c) It has interval-level measurement.
(d) It has ordinal-level measurement.

(e) It has nominal-level measurement.
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Q.29 Which of the following variables are discrete and which continuous?
' {a) Religious denomination. |
(b) The temperature of a person’s palm. _ :
(c) Response time in a test of reflexes. I
(d) Number of successes in a series of puzzles.
(e) Subjectively judged distance from self to an object.

1 participant'
1 to measure

1 example of .'-'Q.2.10. From the standpoint of measurement error, what is problematic with this '
- . question? :
“What was your income during the most recent financial year?”’
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What Is Good? — A Comparison Between
The Quality Criteria Used In Design And Science

ABSTRACT

The human-computer interaction community is an umbrella
for many disciplines. Conflicts occur from time to time, in
particular between scientists and designers. This article
compares the quality criteria used in design with those used
in science, in order to gain insight into what design can
contribute to the development of science. From the
scientific perspective, the weakest point of design
knowledge is its limited generalizability.
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INTRODUCTION

The human-computer interaction (HCI) community is
diverse. Academics and practitioners from science,
engineering, and design contribute to its lively
development, but communication and cooperation between
the different groups is often challenging. At times, open
conflicts between the different groups emerge, in particular
between scientists and designers, since they have the least
common ground [2]. The Computer Human Interaction
(CHI) conference of the Association for Computing
Machinery (ACM), which is the largest and arguably one of
the most important conferences in the field, is organized
through the Special Interest Group Computer Human
Interaction (SIGCHI). At the 2005 SIGCHI membership
meeting, discussion of the CHI2006 conference ignited a
shouting match between academics and practitioners [1]. At
the conference itself the conflict recurred in the "Design:
Creative and Historical Perspectives" session. Paul Dourish
took the role of defending the science of ethnography
against its degradation to a service for designers [6]. Next,
Tracee Verring Wolf and Jennifer Rode defended creative
design against the criticism of scientists by referring to
design rigor that is as critical as scientific rigor [12]. Both
groups felt the need to defend themselves, which indicated
that both had the feeling of being under attack to start with.
Stuart Feldman, the president of the ACM, wrote another
chapter in this conflict. In his opening speech at the CHI
2007 conference he made an astonishing statement about
the HCI community:

“It is also wonderful to have a group that is absolutely
adherent to the classic scientific method. Not a description,
| am afraid, of all the fields in computing.”

However, it is obvious that the methods used by the HCI
community are as diverse as its members. So, by
emphasizing the classical scientific method above all other

methods, Feldman was expressing the ACM’s expectation
of what methods the HCI community should use. This
preference for the scientific method also manifests itself in
the division of the CHI proceedings into “main conference
proceedings” and “extended abstracts”. The main
proceedings are considered to be of higher quality and they
include a high proportion of scientific studies. Non-
scientific studies, such as experience reports and case
studies, are more often found in the extended abstracts.
Furthermore, the main proceedings use the “archival
format” whereas the extended abstracts do not. The
omission of the term “archival” from the format of the
extended abstracts suggests that these publications are not
important enough to be archived. However, both types of
publications are being stored in the ACM digital library,
which turns this distinction into a symbolic gesture. At the
risk of oversimplification, it can be observed that scientific
studies are more highly regarded and hence published in the
archival main proceedings, while non-scientific studies are
less highly regarded and are published only in the non-
archival extended abstracts. But why would the designers
bother about this division? Their main focus is on
improving society directly through the invention of
artifacts, and not through writing papers.

Even though science is highly esteemed, Chalmer [3]
argued that “there is no general account of science and
scientific method to be had that applies to all sciences at all
historical stages in their development”. Cross, Naughton &
Walker [4] even suggested that the confusing epistemology
of science may be unable to function as a blueprint for the
epistemology of design. Levy [8] then suggested that
transformations within the epistemology of science should
be seen as active growth and development, and that they
should be considered as providing an opportunity for design
to participate in its ongoing improvement. As a matter of
fact, any person can contribute to the growth of science. It
is an old rule of logic that the competence of a speaker has
no relevance to the truth of what he says. The world's
biggest fool can say the sun is shining, but that doesn't
make it dark outside [9]. Designers and engineers can
discover new knowledge without applying the classic
scientific method or becoming a scientist. The more
important question is how valuable this new knowledge is
and how efficient their methods are in finding it. In this
paper | would therefore like to discuss criteria that serve to
assess the quality of knowledge. If design wants to make a
contribution to science, then its insights must be judged
against these criteria. By comparing the quality criteria of
science with those of traditional design, the similarities and
differences of the respective communities will become
apparent. This comparison may also provide insights into



the direction in which design methods have to evolve to
become more scientific.

This comparison of quality criteria does not imply that
design should use the classical scientific method. Cross
provided an excellent historical review of the developments
in the various design methodologies [5]. He attested to a
healthy growth in the field during the 1980s. The design
community may continue to define its own method to turn
itself into design science, as was attempted at the CHI2007
workshops on “Converging on a science of design through
the synthesis of design methodologies” and on “Exploring
design as a research activity”.

Before diving into these topics, it appears necessary to
clarify the terminology of this paper. The different
interpretations of the word “research” alone account for
considerable friction between designers and scientists.
Scientists can barely resist pointing out that designers’
research does not provide reliable and valid knowledge. It
follows that design decisions made on this basis are also in
doubt.

First, we need to distinguish between the verb research and
the noun research. When designers research they
predominantly collect relevant information. For scientists,
“to research” describes the activity of conducting science,
and the noun research is used as a synonym for science.
Since there is no verb form of science, it appears necessary
to continue to use the verb research for it. It follows that the
activities of designers to collect information must be
labeled with a different term and “to explore” appears a
good choice. A design science project that does not use the
classical scientific method can then be described as an
exploration. Having clarified this important term, we may
now proceed to discuss the quality criteria. The scientific
reader may well be familiar with them and hence there is a
danger of preaching to the converted. However, the
comparison with related criteria in design may still be
enlightening.

QUALITY CRITERIA FOR SCIENCE AND DESIGN

The generalizability of scientific knowledge is one of the
most important criteria. It describes the degree to which
general statements can be derived from a particular
statement. The more general statements that can be derived,
the better the particular statement. Newton's law of gravity
was not only able to describe the behavior of the apple that
inspired him, but also all other apples, fruits, organic
materials, and inorganic materials. Even the motion of the
stars could be described by it. His law is therefore of high
value. If, on the other hand, a statement depends on the
individual researcher then its generalizability is low. If |
state “bugs are awful" then this may hold true only for
people who share my paranoia about small creatures with
many legs. Objectivity is therefore a good method for
increasing the generalizability of a statement.
Generalizability is also related to the repeatability of an
experiment. If the results of an experiment are objective,
meaning that they are not dependent on the experimenter,
then others should be able to repeat the experiment with

exactly the same results. Furthermore, time itself should not
matter. Repeating the experiment at a later point in time
should yield the same results. For the design community
time does matter and hence the CHI conference has the
section “Contemporary Trends”. Like fashion, the results of
design work are expected to change over time, which makes
them less generalizable. However, some design classics,
such as the Tizio lamp, appear to be timeless.

Designers know a similar concept: universality. It describes
the degree to which general problems can be solved by a
particular solution. The more universal a solution is, the
better. A hammer, for example, is more universal than a
pair of horseshoe pliers, and hence more valuable.
However, there is usually a tradeoff between effectiveness
and universality. Specific solutions usually work better than
general solutions at the price of having to create a solution
for each problem. The challenge is to find the right balance
between universality and effectiveness. Science, on the
other hand, strives towards the highest level of
generalizability.

The knowledge that designers typically create in their
design projects suffers from its lack of generalizability. The
solutions found for a given problem are limited to the scope
of the problem, and cannot be applied easily, if at all, to
different problems. Also, the solutions are dependent on the
individual designer. A different designer might have come
to a different solution.

Falsifiability is another important criterion that is known to
both scientists and designers. Originally proposed by Karl
Popper (2002), falsifiability describes the property of
statements that they must admit of logical and empirical
counterexamples. The latter refers to the condition that it
must be possible, at least in principle, to make an
observation that would show the statement to be wrong,
even if that observation is not actually made. The statement
"all swans are white" is in principle falsifiable by observing
a black swan. The higher the number of logical and
empirical counterexamples that a statement withstands, the
higher its value.

The use of falsifiability in design is very similar. A solution
must admit of logical and empirical counterexamples. If, for
example, a certain device is intended to continuously
increase one's karma, then its function is impossible to
falsify. Such a device could not be considered a design.
Falsifiability plays a less important role in design in
comparison with science, since it often deals with concrete
and well-defined problems. The effects of a solution are
usually easy to observe, and this criterion overlaps the
criterion of effectiveness that will be discussed later.

Truth is a key criterion in science, and it also plays an
important role in design. However, multiple definitions of
truth exist. The Wikipedia lists many theories of truth
including  correspondence, coherence, constructivist,
consensus, pragmatic, performative, semantic, and Kripke's
theory. The correspondence and coherence theories are
probably the most acknowledged, and hence this study
focuses on them. In the coherence theory, truth is primarily



a property of a whole system of statements. The truth of a
single statement can be derived only from its accordance
with all the other statements. If a new statement contradicts
an existing statement, then both statements need to be
reconsidered. In the previously used example of swans, one
of the statements must be false. Either not all swans are
white or the particular swan is not black. The equivalent
concept in design is known as compatibility. If a new
component is introduced to an existing system then it
should not prevent any existing component from operating
correctly. For example, the installation of new software on a
computer can lead to incompatibilities in which previous
functions cease to operate.

The correspondence theory of truth deals with the
relationship between statements and reality. If theories
correspond to observations in reality then they are
considered to be true. This direction in the relationship
between truth and reality is usually attributed to science.
The other direction can be attributed to design. If an artifact
corresponds to theory then it is considered true. Our
understanding of the physical world makes it difficult to
invent artifacts that could not be explained fully by existing
theories of physics. Many attempts have been made to
invent a perpetual motion machine, and patents have even
been filed, but no working model has been built. The
United States Patent and Trademark Office (USPTO) has
made an official policy of refusing to grant patents for
perpetual motion machines without a working model:

“With the exception of cases involving perpetual motion, a
model is not ordinarily required by the Office to
demonstrate the operability of a device. - 608.03 Models,
Exhibits, Specimens [R-3]”

However, solutions have often been used without full
theoretical understanding. The Bayer Company patented
aspirin as early as 1899, and has successfully marketed it
ever since. Its pain relieving effect was understood only in
1971. In 1982, John Robert Vane received the Nobel Prize
in the Physiology of Medicine for this discovery.

Another important quality criterion for scientific knowledge
is novelty. Rediscovering Newton's laws has little value.
But newness in itself is not sufficient. A novel scientific
theory does not only need to be different from existing
theories, but it also has to explain more than existing
theories. Galileo's theories extended Aristotle's, Newton's
law extended Galileo's, and Einstein's extended Newton's.
In design, the same principle is known as innovation.
Novelty, in its pure ‘newness’ definition, is even a
requirement for patents. Moreover new artifacts are
expected to work not only differently, but also better.
Modern PCs are currently even powerful enough to
completely simulate older computers, for example,
simulating the Commodore 64 using the VICE emulator.
Modern PCs can do everything that older ones can, and
more.

The criterion of parsimony, also known as Occam's razor, is
the preference for the least complex statement to explain a
fact. A good example can be found in the field of

Astronomy. The Copernican model is said to have been
chosen over the Ptolemaic due to its greater simplicity. The
Ptolemaic model, in order to explain the apparent retrograde
motion of Mercury relative to Venus, posited the existence
of epicycles within the orbit of Mercury. The Copernican
model (as expanded by Kepler) was able to account for this
motion by displacing the Earth from the center of the solar
system and replacing it with the Sun as the orbital focus of
planetary motions, while simultaneously replacing the
circular orbits of the Ptolemaic model with elliptical ones.
In addition, the Copernican model excluded any mention of
the crystalline spheres that the planets were thought to be
embedded in according to the Ptolemaic model. At a single
stroke, the Copernican model reduced the complexity of
Astronomy by a factor of two.

In design, simplicity plays a similar role. Simplicity is the
preference for the least complex solution to achieve a given
goal. Just 20 years ago, the only way to print a photo
required a complete photochemical process that involved
various toxic chemicals and sophisticated machines. These
days, everybody can print his own pictures with cheap
inkjet printers.

Lastly, the scientific criteria of accuracy, precision, and
efficiency are discussed, together with their counterparts in
design: effectiveness, reliability, and efficiency.

Accuracy refers to the degree to which a statement or
theory predicts the facts it is intended to predict, while
precision refers to the degree to which a statement or theory
predicts the exact same facts. The analogy of bullets shot at
a target is useful to explain the difference between these
two related concepts and at the same time to show the
similarity between design and science criteria.

In this analogy, a gun firing at a target (design) parallels a
theory predicting observations (science). The effectiveness
of the gun describes the closeness of the bullets to the
center of the target (see Figure 1 left). Bullets that strike
closer to the center are considered more effective. The
parallel is that the closer the observations concur with the
predictions of the theory, the more accurate the theory.

Figure 1: High effectiveness but low reliability (left), high
reliability but low effectiveness (middle) and high reliability
and high effectiveness (right).

To continue the analogy, the reliability of the gun refers to
the spread of the bullets. The closer together the bullets
strike, the higher the reliability (see Figure 1 middle). In
science, the closer the observations are to each other, the
more precise the theory. The bullets do not necessarily need
to be close to the center for this. The bullets (or
observations) can be reliable (precise) without being
effective  (accurate). However, for bullets (and
observations) to be perfectly effective (accurate), they also

need to be reliable (precise) (see Figure 1 right).



For science, efficiency refers to the resources expended in
relation to the precision and accuracy of the observations
predicted, and for design, efficiency refers to the resources
expended in relation to the effectiveness and reliability of
the goals achieved.

So far only those quality criteria of design that have a direct
relation to the quality criteria of science have been
discussed. Of course, design also has criteria that are of less
relevance to science. Conformity to social customs,
popularity, ego satisfaction, reputation, pleasure, and
commercial success are examples. It is difficult to define
general design criteria, since each design can be judged
only in its specific context of use. The Hummer sport utility
vehicle (SUV), for example, is a car that is not intended to
be environmental friendly and hence it should not be judged
by the fuel consumption criteria. The Hummer SUVs are
not designed for driving fuel-efficiently from A to B.

CONCLUSION

Science has established several criteria for assessing the
quality of the knowledge it produces. Some of these criteria
overlap or relate to criteria that are used in design. Design
methods are not yet optimized for the creation of scientific
knowledge, and therefore they generally produce
knowledge that is of lesser scientific quality. Often they are
not even interested in it. Jon Kolko, editor of ACM’s
<interactions> magazine, rejected this very manuscript
based on its academic format:

“However, the submission is in a very academic format,
while Interactions Magazine is intended to read in a more
approachable and casual manner - specifically, it is
intended to be of worth to practitioners, who may not be
familiar with or interested in the very specific and
grounded citations and discourse you have provided.” [7]

If design wants to contribute to the growth of scientific
knowledge, then it will primarily have to improve the
generalizability of its results. Most of all, to guarantee
objectivity, its results need to become independent of the
designer. Pitt claimed [11] that such a method would lead to
knowledge that is “far more reliable, secure, and
trustworthy  than  scientific knowledge”. Currently,
designers who want to work as scientists have to become
either engineers or psychologists. Since they often lack
training in these disciplines they have a natural
disadvantage.

Until considerable progress has been made in defining a
suitable epistemology for design, we shall have to take
small steps forward using current methods and policies.
Design has to acknowledge that the knowledge it produces
is, from a scientific perspective, not very generalizable, and
hence of lesser value. Scientists, on the other hand, need to
acknowledge that the highly general knowledge they
produce is often too abstract to improve society. It requires
a skilled designer to translate this knowledge to a specific
context of use.

As for the CHI conference, it would be wise to follow
Confucius’ recommendation to “rectify the names”.
Labeling only one section “archival” when both sections

will be stored in the ACM Digital Library is confusing.
Also, the labels “main proceedings” and “extended
abstracts” are ambiguous. Pirsig’s static quality patterns
[10] appear suitable for defining the sections, but the terms
“intellectual” and “social” carry different meanings in the
various sub-communities, and hence may cause
misunderstandings. Maybe the sections could be called
“Discovery” and “Invention”. The latter would collect
contributions that are aimed at improving society. The
discovery section would gather contributions that present
scientific insights. Whatever principle is used to divide the
proceedings, it should be made explicit.

The use of ‘best paper’ awards is another ranking method.
Excellence should be rewarded. However, rankings should
not be used to discriminate between communities.
Excellence can be found in design papers as well as in
scientific papers. The factors that influence paper rankings
should be made explicit. This would require the agreement
of the community on the factors used. The CHI community
is diverse, and it may be difficult to reach agreement. But
nothing worthwhile is ever easy. As long as no shared
quality criteria are defined for the community as a whole, it
will remain a trans—disciplinary rather than a multi-
disciplinary community. The sub-communities of design,
education, engineering, management, research, and
usability will co-exist, but future shouting matches cannot
be excluded.
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